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Syntactic Focus Structure Processing: 

Behavioral and Electrophysiological Evidence from L1 and L2 French 

 

 

Robert Vincent Reichle, Ph.D. 

The University of Texas at Austin, 2008 

 

Supervisor:  David Birdsong  

 

This dissertation presents results from three experiments to address two research 

questions: What do the acquisition and processing of information structure tell us about 

the acquisition and processing of language in general, and what do the acquisition and 

processing of information structure tell us about the nature of information structure as a 

syntactic and pragmatic phenomenon? 

The first two experiments were behavioral studies of native and L2 speakers of 

French in which subjects made acceptability judgments of sentences containing felicitous 

or infelicitous information structure. In Experiment 1, there was evidence of a post-

maturational effect of age of arrival on judgment task scores; the geometry of this age 

effect did not show evidence of leveling off over time, contrary to the predictions of some 

formulations of the critical period hypothesis for second language acquisition (e.g. 

Newport, 1990; cf. Birdsong & Molis, 2001). The results of this experiment are 

interpreted as evidence against the presence of a critical period for the acquisition of 

information structure in a second language. 

In Experiment 2, L2 learners in low- and high-proficiency groups performed a 

similar judgment task. Low-proficiency L2 learners exhibited lower scores on the 
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information structure anomaly judgment task than did high-proficiency L2 learners and 

L1 speakers. The behavioral results from this experiment, in conjunction with 

electrophysiological data from Experiment 3, suggest that many subjects judged the 

target sentences based on truth value, rather than information structure. 

In Experiment 3, subjects were presented with sentences containing felicitous and 

infelicitous information structure while a 14-channel electroencephalogram (EEG) was 

recorded. Results from this experiment suggest the presence of an N400 and P600 effect 

indexed with the processing of information structure anomalies in native-speaking 

subjects. L2 subjects of both high- and low-proficiency also exhibited a late positivity; 

however, results for the two groups diverged in the earlier time window, suggesting that 

high-proficiency speakers exhibit a P600 but low-proficiency speakers exhibit a P3 effect 

reflecting the processing of oddball stimuli. 

Taken together, the results from these experiments suggest that L2 speakers can 

acquire aspects of information structure processing to a nativelike degree. 
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Chapter 1:  Introduction 

 

This dissertation employs techniques from psycholinguistics and psychology to 

examine the sub-domain of syntax known as information structure. Its goals are twofold: 

to add to the body of knowledge about second language acquisition and processing, and 

to elucidate the timing and nature of information structure processing. In very broad 

terms, the overarching research questions are 1) What do the acquisition and processing 

of information structure tell us about the acquisition and processing of language in 

general, and 2) What do the acquisition and processing of information structure tell us 

about the nature of information structure as a syntactic and pragmatic phenomenon? 

Over several decades, researchers in psycholinguistics and language acquisition 

have focused much of their research on age-related effects in second language (L2) 

acquisition. Among other questions, they have examined the extent to which speakers of 

an L2 can acquire a second language to native-like proficiency (e.g. Flege, Yeni-

Komshian, & Liu, 1999; Friederici, Steinhauer, & Pfeifer, 2002); whether there is a 

critical period for acquiring an L2 to native-like levels (e.g. Johnson & Newport, 1989; 

Birdsong & Molis, 2001); and whether L1 and L2 speakers exhibit the same event related 

potential (ERP) signatures when presented with syntactic or semantic errors (e.g. Weber-

Fox & Neville, 1996; Osterhout, McLaughlin, Pitkänen, Frenck-Mestre, & Molinaro, 

2006; Morgan-Short, 2007). Notably, studies have shown the presence of a negativity 

peaking around 400ms post-stimulus (known as the N400 component) when subjects are 

presented with words of anomalous semantic meaning in their L1 (Kutas & Hillyard, 

1980), and a biphasic early negativity/late positivity ERP signature consisting of a left 

anterior negativity (LAN) and a P600 component when subjects are presented with 

syntactic violations (Osterhout & Holcomb, 1992). However, when presented with the 

same semantic and syntactic errors in an L2, subjects exhibit a weakened, monophasic 



 2 

version of the P600 when presented with syntactic violations (Clahsen & Felser, 2006a). 

It has also been shown that, under certain conditions, subjects can exhibit nativelike 

P600s in an L2 after a short period of training (Osterhout et al., 2006). 

While psycholinguistics has set its sights on a variety of morphosyntactic 

phenomena, for the most part it has ignored information structure as an area of research. 

Information structure (IS) relates to the interface between syntactic form and pragmatic 

function, or in other words, to the way in which a speaker uses cues from sentence 

structure to guide a hearer toward knowing what is more or less important in a sentence. 

These relations between the more- and less-prominent take the form of topic, focus, 

presupposition and assertion relations between the constituents of an utterance 

(Lambrecht, 1994). French information structure is an interesting case because, compared 

to English IS (which allows for the use of word accent to distinguish between topic and 

focus elements), French IS makes greater use of syntactic constructions to express 

information structural distinctions. As such, French IS lies at the intersection of semantics 

(as it deals with the relations between real-world referents, and how those referents are 

highlighted in speech) and syntax (since different word orders or syntactic constructions 

are tied to different IS configurations). 

When examining French IS from a psycholinguistics/language acquisition point 

of view, several major questions arise: 1) What signature of electrical activity in the brain 

is associated with violations in information structure in French? 2) What differences are 

there between these ERP signatures in L1 and L2 speakers? 3) Does the relationship 

between AoA and ability to correctly make judgments about information structure reflect 

the presence of a critical period for the acquisition of information structure in a second 

language? 

Using behavioral and electrophysiological research methods, the experiments in 

this dissertation are intended to add to the body of linguistic research along three fronts: 
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the study of information structure; the debate on age effects and the critical period 

hypothesis; and research on ERP components indexed with processing. 

To my knowledge, this dissertation is one of very few in-depth ERP studies of the 

syntactic constructions related to information structure in any language (after Cowles, 

2003, Stolterfoht, 2005, and related studies), and the first study to examine the ERP 

components indexed with the processing of syntactic constructions used to communicate 

information structure in French1. Such studies help to establish the link between observed 

linguistic phenomena and recordable electrophysiological data. Additionally, the 

behavioral evidence provided by this dissertation (taken from acceptability judgments 

made both in conjunction with and separately from the ERP experiment) adds to the 

conversation on age effects and the debate on whether the geometry of the age-versus-

performance relationship is consistent with a critical period for second language 

acquisition. Moreover, comparisons between the ERP components indexed with 

information structure processing in L1 and L2 speakers of French will add to the research 

on differences in processing due to age and proficiency effects. Overall, addressing these 

research questions adds to our greater knowledge of the way information structure 

interfaces with syntax and semantics, which has not yet been sufficiently researched. 

 

1.1 MOTIVATION FOR RESEARCH 

Previous findings and unanswered questions from three research areas motivate 

the experiments in this dissertation: information structure, age effects and the critical 

period hypothesis, and ERP research.  

 

                                                
1 Magne et al. (2005) have previously conducted ERP research on the related area of French prosody — see 
Chapter 5 for discussion. 
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1.1.1 Information Structure 

One of the foundations of the study of information structure is the idea that the 

syntactic constructions and prosodic patterns employed in speech are dictated by the 

mental states of the interlocutors, i.e. they are determined by context. The mental states of 

interlocutors can be discussed according to three parameters on the exchange between 

speaker and hearer: the speaker’s assumptions concerning the hearer’s 1) knowledge or 

belief state, 2) the hearer’s temporary state of consciousness, and 3) the hearer’s state of 

interest in a given topic of conversation (Lambrecht, Bordeaux, & Reichle, 2006). The 

present study is mainly concerned with these parameters inasmuch as they relate to the IS 

concepts of topic and focus. The speaker takes into account his beliefs about the hearer’s 

state of knowledge (Parameter 1) and, in conjunction with his beliefs regarding the 

hearer’s state of interest in the proposition (Parameter 3), the speaker accords a level of 

TOPIC or FOCUS to the constituents within the utterance. Focus can be defined as the 

“element of information whereby the assertion differs from the presupposition” and topic 

as the constituent “relative to which a predication is to be assessed as relevant 

information” (Lambrecht et al., 2006, p. 145). In other words, the focal element is granted 

a level of prominence greater than that of the rest of the proposition, and it is telling the 

hearer something new or different with regards to the topic, which is what the sentence is 

“about”. (For a more complete definition of topic and focus, see Chapter 2.) 

There are three predominant approaches to when and how the processing of IS 

takes place. Given the general trend across linguistic disciplines to treat syntactic 

processing and lexical-semantic processing as separate domains (see Ullman, 2005 for 

overview), it is not surprising that IS has variously been proposed to be a function of 

either one or the other of these domains. Some models place IS within the realm of 

syntactic processing, while others place it in under semantic processing. A third model, 

the one espoused by Lambrecht (1994) and the one this dissertation will follow for 

reasons discussed in Chapter 2, considers IS to be a separate level of representation that 
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takes place at the interface of syntax and semantics. If information structure is at the 

intersection of semantics and syntax, one might reasonably assume that information 

structure constructions that are infelicitous (but do not alter the meaning of a sentence as 

it relates to the spatial relations and identities of its referents) are processed by the same 

procedural system that processes syntax. If so, such anomalies might lead to the same 

biphasic early negativity/late positivity observed in ERP recordings of syntactic errors. 

Testing this hypothesis is part of the motivation behind the present research. 

 

1.1.2 Age effects and the critical period hypothesis 

 As this dissertation sets its scope on the processing of information structure in 

both native speakers of French and speakers of French as a second language, it is 

necessary to consider the factors that should lead to differences in the acquisition and 

processing of information structure between these two populations. This dissertation will 

concentrate on a set of factors that has previously come under much scrutiny: age effects, 

and the possibility of a critical period for the acquisition of language. 

Lenneberg (1967) popularized the idea of a critical period for language 

acquisition ending around puberty. After this period, he claimed, L1 acquisition would be 

impossible, and the L2 acquisition process would be fundamentally different. According 

to the stronger versions of what has become known as the critical period hypothesis for 

second language acquisition, speakers who acquire an L2 after puberty would exhibit a 

substantial drop in production and comprehension accuracy compared to L2 speakers 

who acquire the language before the end of the proposed critical period. The specifics of 

when this putative period ends, and what language capacities should be affected by the 

termination of the period, vary from study to study (Singleton, 2005). However, 

regardless of the specific version of the critical period hypothesis, one would expect to 

see age effects between pre- and post-critical period groups, but one would not expect to 

see a continuous age effect for those who were first exposed to an L2 after the end of the 
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critical period. Such post-maturational age effects would be seen as evidence against a 

strong version of the critical period hypothesis. 

Previous research has provided evidence both for and against a critical period of 

L2 acquisition. Johnson and Newport (1989) administered grammaticality tests to Korean 

L1s who had acquired English as an L2. Their results showed a discontinuity for the 

effect of age on accurate grammaticality judgments around puberty, which they 

interpreted as evidence supporting the critical period hypothesis. However, in a 

replication of this study, Birdsong and Molis (2001) found contrary results. In replicating 

the study with Spanish L1s, Birdsong and Molis saw a negative correlation between age 

and accuracy that continued after the critical period. Flege et al. (1999) conducted a 

similar study with Korean native speakers learning English as an L2 that partially agreed 

with the findings from Birdsong and Molis (2001). In the Flege study, there was a 

discontinuity in the effect of AoA on accuracy for tests of phonological production; 

however, this discontinuity did not coincide with the end of the proposed critical period. 

In tests of syntactic production, however, Flege et al. did observe a discontinuity that 

coincided with the end of the critical period. 

Taken together, these studies (and others reviewed in Chapter 3) leave us with 

conflicting evidence for the existence of a critical period for second language acquisition, 

and suggest that an L2 can be acquired to native-like levels in at least some respects. Age 

effects on the acquisition and processing of information structure among L2 learners have 

not yet been fully investigated. Thus, this dissertation makes the investigation of age 

effects on the acquisition of information structure one of its goals. 

 

1.1.3 Electrophysiological research 

Very few electrophysiological studies have directly examined the processing of 

information structure, whether among native speakers or L2 speakers. However, the 

foundations for such a line of inquiry have already been laid by previous research. 
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A large body of ERP research has provided ample evidence for a 

syntax/semantics distinction in L1 processing. On the semantics side of the equation, L1 

speakers exhibit a peak in negativity at about 400 ms (the N400 component) when 

presented with lexical/semantic violations, e.g. an inappropriate lexical item in an 

otherwise grammatical sentence (Kutas & Hillyard, 1980). On the syntax side, Osterhout 

and Holcomb (1992) first discovered evidence of a biphasic pattern of early negativity 

(LAN) followed by late positivity (P600 component) in L1 speakers when presented with 

syntactic violations.  

In late L2 speakers, however, syntactic violations have occasionally been seen to 

produce an N400, not a biphasic early negativity/late positivity pattern. In a study by 

Osterhout et al. (2006), syntactically anomalous words provoked an N400 effect in L2 

learners after one month of explicit classroom language instruction, but after four months 

of training the same stimuli provoked a P600 effect. This suggests that, in the early stages 

of acquisition, non-native-like L2 speakers rely more on the same mechanism used for 

processing semantics to determine meaning, instead of conducting a detailed syntactic 

parse of the sentence like L1 speakers. Native-like L2 speakers were seen to show the 

same biphasic pattern as L1 speakers, however, suggesting that with enough practice and 

proficiency, L2 learners can acquire the same comprehension processes as native 

speakers. 

Cowles (2003) was the first study to directly and extensively examine the ERP 

components linked to the processing of the syntactic constructions used to communicate 

information structure in English. In one experiment, subjects were presented with a short 

discourse followed by a sentence containing in anomalous IS configuration; specifically, 

the constituent that was expected to be in focus given the preceding discourse was instead 

a topic, and a constituent expected to be a topic was instead focal. An analysis of the ERP 

data showed a lateral posterior negativity centered in the 300-500 ms range, which could 

be qualified as an N400; however, a replication of this experiment by the same author 
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showed an N400 that lacked the characteristic peak seen in many other studies. In another 

experiment, target sentences were kept identical and the preceding discourse was 

manipulated in such a way that the target sentence was either an instantiation of 

contrastive focus or informational focus. Since the target sentences were identical across 

the two conditions, Cowles proposed that any differences in ERP signatures between the 

two could not be due to differences in syntactic processing, but rather would necessarily 

be due to differences in the processing of information structure. The subsequent analysis 

of the ERP data showed the presence of a late positive component similar to the P600 in 

the contrastive focus condition. The results of Cowles (2003) provide an excellent 

starting point for the present study: the presence of a possible N400 for IS violations, 

along with a possible P600 for the processing of expected IS configurations, establishes 

that both N400 and P600 components are linked to certain types of IS processing. For 

further discussion of Cowles (2003), see Chapter 4. 

 

1.1.4 Summary of previous studies 

When taken together, these previous findings make a case for the following 

conclusions: 

— Both the N400 and P600 seem to be involved in the processing of information 

structure, but much work remains to be done to establish exactly under what conditions 

these components appear 

— L2 speakers do not always exhibit the same ERP signatures as native speakers 

do, although under some conditions they are capable of exhibiting nativelike ERP 

signatures 

— While there is ample evidence for an effect of age of arrival on language 

acquisition, there is conflicting evidence regarding the existence of a critical period for 

second language acquisition  
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1.2 RESEARCH QUESTIONS 

Taking these findings into account, the goal of this dissertation is to address the 

following research questions: 

1) What signature of electrical activity in the brains of native French speakers is 

associated with the processing of anomalous information structural configurations that do 

not affect the semantics of a sentence but lead only to an inappropriate information 

structure? 

2) What signature of electrical activity in the brains of L2 speakers of French is 

associated with the processing of the same information structure anomalies, and are these 

ERP signatures affected by L2 proficiency? 

3) Are there age effects in the explicit processing of IS errors among L2 subjects, 

and if so, does the geometry of these effects support a critical period for second language 

acquisition? 

 

1.4 HYPOTHESES 

The present study takes advantage of information structure phenomena in French 

to answer these questions. Specifically, it tests the following hypotheses:  

Hypothesis 1: French L1s will show a biphasic pattern of early negativity and late 

positivity (the biphasic LAN/P600 pattern found in previous research to be associated 

with syntactic errors) for sentences where the IS anomaly does not lead to an erroneous 

semantic representation but is instead a misuse of a syntactic construction. 

Hypothesis 2: For the same anomalies, low-proficiency L2 subjects will show an 

N400 signature. 

Hypothesis 3: High-proficiency L2 subjects will show a weakened version of the 

P600 for the same anomalies. 
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Hypothesis 4: Postmaturational age effects will be seen in explicit and implicit IS 

processing, which would serve as evidence against a strong version of the critical period 

hypothesis. 

 

The present study consists of three experiments meant to test the above 

hypotheses. Experiments 1 and 2 utilized behavioral data to test Hypothesis 4. 

Experiment 3, an ERP-based online processing study, tested Hypotheses 1-3. 

 

1.5 OUTLINE OF THE DISSERTATION 

Chapter 2 provides a more in-depth look at information structure, including more 

detailed definitions and explanations of topic, focus, and contrastiveness. It also considers 

several possible theoretical frameworks for IS, and the psycholinguistic implications of 

these models. The chapter includes a discussion of some of relevant IS constructions in 

French. 

Chapter 3 considers previous psycholinguistic behavioral research on age effects 

and the critical period hypothesis. The results of Experiments 1 and 2, along with a 

discussion of the findings, are presented in full here.  

Chapter 4 presents the theory behind electroencephalography, and discusses 

previous ERP studies relevant to syntactic and semantic processing in native-speaking 

subjects. 

Chapter 5 includes a discussion of ERP studies relating to information structure, 

most notably Cowles (2003). It also examines the differences in ERP signatures between 

native speaker and L2 subjects. 

Chapter 6 contains a full discussion of Experiment 3, including an analysis of its 

results. 
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Chapter 7 synthesizes the results of the experiments and discusses their relevance, 

both to our understanding of information structure, and to the study of second language 

acquisition. 
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Chapter 2: Information Structure 

 

As stated in Chapter 1, information structure (IS) can be defined by three 

parameters: a speaker’s assumptions concerning his hearer’s 1) knowledge or belief state, 

2) his temporary state of consciousness, and 3) his state of interest in a given topic of 

conversation (Lambrecht et al., 2006). The present study is mainly concerned with these 

parameters inasmuch as they relate to the notions of topic and focus. 

Parameter 1 — the hearer’s knowledge or belief state — is relevant to the 

speaker’s pragmatic presuppositions (the propositions and referents that are assumed to 

be already known to the interlocutor) and pragmatic assertions (the propositions and 

referents that are assumed by the speaker to be known only as a result of the 

interlocutor’s comprehension of the utterance). According to what he believes the hearer 

to already know, the speaker accords a status of topic or focus to the constituents within 

the utterance. Parameter 2 — the hearer’s state of consciousness — relates to mental 

representations that are currently inactive, or active, or can easily be activated. The ease 

with which a mental representation can be activated determines the acceptability of that 

referent as a topic (see section 2.1.1). Parameter 3 — the hearer’s state of interest in a 

given topic of conversation, as determined by its relevance to the conversation — also 

affects a constituent’s topicality. 

All three of these parameters are linked to the idea of topic and focus. For the 

purposes of this study, topic and focus will be the primary IS concepts under 

investigation; the idea of contrastiveness, which can relate to either topic or focus, will 

also come into play. Note that, while the notions of topic and focus are often mentioned 

in the same breath and are of the most interest to the present study, De Cat (2007, p. 66) 

points out that the two properly belong to separate dichotomies (topic/comment and 

focus/presupposition). 
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This chapter serves to provide a theoretical background for these three concepts, 

as well as illustrate how they manifest in French. As we will see in Chapter 4, certain 

constructions related to information structure in French are particularly well suited to 

investigation using the ERP technique. 

 

2.1 DEFINITIONS 

In this section, I provide more detailed explanations of some of the central 

concepts of information structure, namely, topic, focus, and contrastiveness. Readers with 

a background in psychology or language acquisition should keep in mind that throughout 

this dissertation, the term focus does not refer to the psychological concept of focus, i.e. 

the object of one’s attention at a given moment. Rather, it refers to the information 

structural constraint, unless otherwise specified. 

In defining concepts relevant to information structure, it is necessary to refer to 

the concepts of semantics and pragmatics. By semantics I mean not only lexical 

semantics (i.e. word meanings and the relations among words in a sentence), but also 

formal semantics, particularly referentiality and truth value. The term pragmatics is used 

to refer to contextual appropriateness, turn-taking in conversation, and implicature. As 

the following sections demonstrate, information structure is distinct from these two 

domains of language, although they do occasionally overlap. 

 

2.1.1 Topic 

In order to theorize about the communicative nature of human language in any 

meaningful way, we need the concept of topic, which has often been defined as that 

which an utterance is “about” (Lambrecht, 1994; Cowles, 2003; and others). Perhaps due 

to the fundamental nature of this idea, many previous attempts at defining topic have 

struggled with the vagueness of the term “about.” Lambrecht appeals to notions of 
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relevance to account for aboutness: For a proposition to be “about” something, it must be 

of relevance to the current matter of interest at the discourse level, and add some amount 

of new information to this discourse. Other definitions of topic have attempted to account 

for “aboutness” in different way. According to Cowles (2003), the topic is the part of an 

utterance that has information added to it, while Erteschik-Shir (2007, p. 19-20) identifies 

three properties of topics: 1) A topic must be what the utterance is about; 2) a topic must 

be given (either by previous mention in the discourse or by means of universal or cultural 

knowledge); and 3) truth values must be calculated with respect to topics. 

As Erteschik-Shir’s second property of topics indicates, we can draw on 

information about the identifiability of a referent to determine how acceptable it would be 

as a topic in a given utterance. Prince (1983) has shown that it is not necessary for a topic 

to have been previously mentioned in discourse; all that is required is that the topic be 

recoverable from the discourse context or frame. A referent is recoverable to the extent 

that the discourse context allows for the activation of the referent in the mind of 

interlocutor. Prince’s (1981) scale of Assumed Familiarity provides a means of assessing 

the accessibility of a given referent according to how easily it is recoverable from the 

previous discourse. 
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New Brand-new, anchored A guy that I used to work with won 

the lottery. 
New Brand-new, unanchored I had to borrow a pen. 
New Unused Barack Obama is running for 

president. 
Inferable  I went back to the store but the 

clerk couldn’t help me. 
Evoked Textual Jane had lunch at a new restaurant 

and she hated the food. 
Evoked Situational The woman on the phone wanted to 

ask you something. 

 

Table 2-1: Prince’s (1981) Assumed Familiarity scale 

(Modified from Cowles 2003) 

 

According to this model, a referent can be new, inferable or evoked. A new 

referent is either brand-new, meaning the speaker believes it has never before been 

represented in the mind of the hearer, or unused, meaning that the speaker assumes the 

hearer does have a representation of the referent in his mind but that representation is 

currently inactive. An anchored brand-new referent relates to another, less new referent 

that is already active (e.g. a guy that I used to work with is anchored to I), whereas an 

unanchored brand-new referent has no relation to an active referent (e.g. the particular 

referent of a pen has no relation to any other referent under discussion). In the case of an 

unused new referent (e.g. ‘Barack Obama is running for president’), the referent is 

assumed to be easily accessible but is entering the discourse with no introduction or link 

to previous discourse. Referents can also be inferable, meaning they have not been 

previously activated but are nevertheless accessible due to assumed knowledge of a social 

or cultural frame (e.g. the mention of ‘the store’ activates all the peripheral participants 

assumed to be linked with the operation of a store, including in this case a clerk). Finally, 
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referents can be previously evoked in the discourse. A textually evoked referent is simply 

a referent that has already been mentioned; the use of anaphora by means of pronouns is a 

common example of this. A referent that has been situationally evoked is present or 

perceivable to the interlocutors at the time of the utterance (frequently, I or you). 

Drawing on Prince’s (1981) Assumed Familiarity scale, as well as the notion of 

activated referents (i.e. those which are present in the hearer’s consciousness at the time 

of the utterance), Lambrecht (1994) devised a scale of topic acceptability. Referents 

whose activation states are closer to the top of this scale are better suited as topics. 

Referents towards the bottom of the scale would tend to strike the hearer as odd if they 

were treated as topics. 

 
  Active    most acceptable 
  Accessible 
  Unused 
  Brand-new anchored 
  Brand-new unanchored least acceptable 

 

 Figure 2-1: Lambrecht’s scale of Topic Acceptability 

Lambrecht specifies that, from a cognitive point of view, it would be difficult for 

a listener to process and interpret topics with a low level of acceptability. The idea that 

less felicitous information structure is more difficult to process underlies the hypotheses 

tested by the ERP experiment detailed in Chapter 6, i.e. differences in the information 

structure of stimuli lead to differences in the processing of these sentences, which is in 

turn reflected by different ERP signatures.2 

Note that Lambrecht’s Topic Acceptability scale only accounts for the choice of 

topic inasmuch as it relates to pragmatic acceptability in the local discourse. Other 

concerns come into play when looking at the global discourse; for example, Berman and 
                                                
2 The ERP experiment in this dissertation examines focus structure, not topic structure, but the same logic 
applies. 
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Slobin (1994) have discussed the need to establish causality between a sequence of 

events in order to produce a coherent narrative. This constraint will influence a speaker to 

orient discourse on a global level in such a way that the agents of these events are 

introduced or maintained in the discourse as easily accessible topics. Similarly, 

Lambrecht’s scale does not attempt to account for typological, semantic or extralinguistic 

constraints on what is allowed as a topic in a given language. Comrie (1981) discusses an 

animacy hierarchy, in which agents of higher animacy are preferred as topics over those 

of lower animacy. Even within this hierarchy, there is a distinction between the first- and 

second-person singular pronouns, with I being a more likely topic cross-linguistically 

than you. A useful way of looking at it is to say that these constraints from discourse and 

typology play a role in determining the choice of a topic; the activation states in 

Lambrecht’s Topic Acceptability scale determine the way in which a chosen referent can 

be used as a topic. 

Synthesizing the previously mentioned scales of familiarity and topic 

acceptability, Cowles (2003) states that the referent of a topic expression must be 

presupposed to exist, must be accessible, and must be what the utterance is “about”. As 

this definition takes into account several of the IS criteria necessary for a constituent to 

be considered a topic, we will adopt this as our definition. 

 

2.1.2 Focus 

Just as it is difficult to avoid vague definitions of a concept as primal as topic, it is 

equally tempting to broadly define focus as the “new information” in an utterance. The 

concept of focus is indeed wrapped up in the idea of new information, as opposed to the 

given information of topic. On a certain intuitive level, focus could be defined as the 

complement of topic. But, as Lambrecht (1994) cautions, while not all sentences 

necessarily have a topic, any utterance being produced according to the human tendency 

to communicate new information will have a focus (p. 206). Lambrecht (1994) defines 
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focus in terms of assertion and presupposition, with a presupposition being the 

information in the sentence assumed by the speaker to be shared with the hearer, and the 

assertion being the proposition that speaker intends for the hearer to know or take for 

granted as a result of hearing the sentence. He considers focus to be “the semantic 

component of a pragmatically structured proposition whereby the assertion differs from 

the presupposition” (p. 213). 

Cross-linguistically, languages use a variety of methods to allow for the marking 

of a constituent as focal. French has several constructions at its disposal, most of which 

rely on clefting, dislocation or some other variation from canonical word order to indicate 

different types of focal relations (Lambrecht, 1994). The most relevant of these to the 

present study is the c’est cleft. A cleft construction expresses a simple proposition by way 

of biclausal syntax; in French, this typically consists of a copula clause and a relative 

clause that share a coindexed referent (Lambrecht, 2001). Compare the following 

sentences, which both express the proposition of a piece of pizza being located on a table: 

(2.1)  La pizza est sur la table 

  ‘The pizza is on the table’ 

(2.2) C’est la pizza qui est sur la table 

‘The PIZZA is on the table’ 

Both sentences communicate an identical spatial relationship between the 

referents of la pizza and la table, but they convey different configurations of IS 

parameters. (2.1) exemplifies what is taken to be the canonical French sentence, where la 

pizza (the grammatical subject) functions as the topic constituent, and the predicate 

“quelque chose se trouve sur la table” is the focal element. This kind of configuration is 

known as a predicate-focus sentence, and is a method of commenting on a topic that is 

the grammatical subject of a sentence (Lambrecht, 1994). Sentence (2.2), on the other 

hand, is an argument-focus sentence. The cleft construction puts the argument la pizza in 

focus, while the proposition “quelque chose est sur la table” is the topical constituent. For 
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a sentence like (2.2) to be uttered, there must be a previously existing context indicating 

the presence of some object on the table in question. Once the proposition “quelque chose 

est sur la table” has been asserted, its topicality is now presupposed, allowing the speaker 

of sentence (2.2) to place focus on the entity on the table, rather than on the fact that there 

is some object on the table as in sentence (2.1). Consider the exchange in (2.3), spoken in 

the presence of an apple on a table: 

(2.3a)  X: C’est quoi qu’on voit sur la table? 

     ‘WHAT do we see on the table?’ 

(2.3b) Y: C’est une pomme qu’on voit sur la table. 

     ‘We see an APPLE on the table.’ 

(2.3c) Y: #C’est sur la table qu’on voit une pomme. 

     ‘We see an apple on the TABLE.’ 

Speaker X’s turn in (2.3a) establishes the notion that the interlocutors see 

something on the table; furthermore, it places argument focus on the entity on the table as 

opposed to placing predicate focus on the proposition “we see something on the table.” 

Speaker Y’s response in (2.3b) is an appropriate follow-up — Y keeps the focus on the 

previously unknown item, and retains the proposition of something being seen on the 

table as a topical element. The response in (2.3c), however, is not contextually 

appropriate. Here the speaker treats the previously unknown item as a topic, despite the 

fact that its identity has not yet been asserted or established as a topic. In addition, (2.3c) 

inappropriately treats sur la table as a focus constituent, even though (2.3a) established it 

as a topic. Note that there is nothing referentially inaccurate with (2.3c), nor is there any 

error in the truth value of the statement. The sentence properly reflects the reality of the 

situation at hand, and there are no syntactic errors. (2.3c) is anomalous strictly from an 

information structural/pragmatic point of view. 

Note that there are similarities between the IS concepts of topic and focus and the 

perceptual concepts of figure-ground and visual focus. In both cases, the element 
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assigned a higher level of salience by either the speaker (in spoken language) or the 

viewer (in visual perception) is only accorded this privileged state by way of contrast 

with the less prominent element. Indeed, one could argue that the abilities to distinguish 

between topic and focus and between figure and ground are simply different facets of one 

cognitive module. Such an interpretation would be in line with, for example, Langacker’s 

(1987) cognitive grammar, or with the general hypothesis of cognitive linguistics that 

grammar is best accounted for as a function of cognition in general. There are also clear 

differences between topic-focus and figure-ground: they occur in different modalities 

(spoken versus written); topic-focus occurs within the domain of speech, which allows 

for communication via limitless combinatorial possibilities, unlike instances of visual 

perception (apart from written language); certain figure-ground configurations lead to 

optical illusions that have no direct analogue in spoken language. While similarities and 

differences between the two modalities are intriguing, this dissertation concerns itself 

with the linguistic concepts of topic and focus, and all references to focus denote the IS 

concept unless otherwise specified. 

 

2.1.3 Contrastiveness 

Closely related to the abovementioned notion of focus is the idea of 

contrastiveness. Topics and foci can both be contrastive, but for the purposes of this study 

we will restrict discussion of contrastiveness to contrastive focus, as it is more relevant to 

the stimuli used in the experiments discussed in Chapter 4. 

While section 2.1.2 linked the idea of new information to the concept of focus (a 

concept often referred to as informational focus, as opposed to contrastive focus), it is not 

strictly the case that only new referents are focal elements — under the right 

circumstances, an old referent can be focal. Consider the following example, in which an 

old referent is a focal constituent: 

(2.4a)  X: Was it Dick, Tyler, or Spencer who was singing? 



 21 

(2.4b)  Y: DICK was singing. 

The focal constituent in the answer is one of three referents who were previously 

suggested as possibilities for filling the role of singer. This type of focus is said to be 

contrastive due to the fact that the focal constituent is contrasted with these other 

possibilities; the term paradigmatic focus has also been used (Lahousse, 2003). 

Halliday (1967) defined contrastiveness as referring to something “contrary to 

some predicted or stated alternative.” Chafe (1976) gave a more detailed definition, 

saying contrastiveness required an awareness that some agent did something, a set of 

possible agents to fill that role, and a selection of one of the possible agents as the correct 

one. For example, the speaker and listener in (2.4) are aware of the open proposition that 

someone was singing; Dick, Tyler and Spencer are listed as candidates for filling the role 

of singer; and Dick is then asserted as the actual singer. 

Lambrecht (1994) considered such cases to simply be instances of focus within 

contexts that allow the interlocutors to infer the selection of one referent out of a set of 

possible candidates. In this view, contrastiveness is not a separate grammatical category 

(as are topic and focus), on the following grounds: Contrastive sentences can often have 

the same surface structure as non-contrastive responses to WH-questions. Consider the 

following exchange, which yields a response identical to that in (2.4b): 

(2.5a)  X: WHO was singing? 

(2.5b)  Y: DICK was singing. 

Chafe argues that sentences like (2.4a) and (2.5a) activate different sets of 

referents in the interlocutors’ minds, and therefore reflect different processes, whereas 

Lambrecht argues that the indistinguishable formal structures of the response sentences 

disallow any grammatical difference between the two cases. In Lambrecht’s view, the 

contrastive sentence of (2.4b) only differs from (2.5b) inasmuch as context allows 

speakers to make certain contextual inferences. Regardless of whether contrastiveness is 

a formal grammatical distinction or simply a set of contextual conditions that lead 
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interlocutors to make certain inferences about sets of referents, we can still use the term 

to refer to information-structural and contextual configurations such as those seen in 

(2.4). 

The fact that so-called contrastive focus and informational focus in response to a 

WH-question can have an identical surface structure is of particular relevance to this 

dissertation. Luck (2005a) describes what he calls the Hillyard Principle, a design 

principle for ERP studies named after ERP pioneer Steven Hillyard. The Hillyard 

Principle states that one should always attempt to compare ERPs elicited by identical 

stimuli, changing only the conditions under which those stimuli are presented. For 

example, one might compare ERP responses to identical images (e.g. a dog) while 

manipulating the preceding context so that in one condition a related image intended to 

prime the subject (e.g. a cat) precedes the target image, while in another condition the 

preceding image is unrelated (e.g. a spoon). This is in order to tease apart results that are 

due to differences in electrophysiological processes from results that are due to different 

stimuli. Pairs of sentences such as (2.4) and (2.5), whose target sentences have identical 

surface structures, are ideal for comparison under this principle. As we see in Chapter 6, 

subsets of the stimuli for the ERP portion of the dissertation were formulated in a way 

that employs these identical surface structures, while eliminating the confounding factor 

of stimuli differences. This allows for direct comparison of ERP signatures reflecting any 

differences that may be due to contrastive versus informational focus. 

 

2.2 THEORETICAL FRAMEWORKS 

Cowles (2003) presents several ways of looking at the theoretical frameworks for 

information structure that have previously been posited. One way of classifying them is 

by the importance they place on the structural manifestations of information structure: 

While some frameworks concentrate on the structural and/or grammatical traits of topic 

and focus, others concentrate on the ways in which mental states influence language use 
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overall. For example, in the discussion of contrastive focus in the previous section, we 

saw that Chafe’s analysis defined contrastiveness as a fundamental feature of information 

structure based on the interlocutors’ different mental states in (2.4) and (2.5), while 

Lambrecht’s analysis concluded that contrastiveness is not part of the grammar due to its 

lack of a unique surface form. Another way of classifying existing frameworks is 

according to where they posit information structure processing to take place. There are 

three such possible locations: in syntactic structure, in the syntactic-semantic interface, or 

on a separate level of representation. Syntactic approaches have the benefit of calling on 

data taken from observed, spontaneous speech, thereby having a strong empirical 

grounding; however, without appealing to notions of speakers’ mental states, it is hard to 

draw conclusions about exactly why certain IS constructions are used in certain contexts. 

Approaches that appeal more to pragmatics address this problem, but lack the syntactic 

approaches’ strict correspondences between information structure and surface forms. 

This dissertation will concentrate on the third approach, which appeals to both 

pragmatic and syntactic concerns. This is the framework adopted by both Lambrecht 

(1994) and Cowles (2003), the two works relating to IS that are the most directly related 

to the ERP experiments described in Chapter 6. This framework relies heavily on tying 

surface forms to corresponding IS configurations, which allows us to reliably associate 

constructions used in the ERP stimuli with corresponding topic and focus states. It also 

allows for different IS configurations to correspond to different mental states, which 

should in turn lead to different electrophysiological signatures reflecting processes in the 

brain. 

As another point in its favor for using this framework in ERP research, Cowles 

(2003) cites the relatively constrained scope of this approach. It is restricted to sentence-

level grammar, allowing us to ignore context at the discourse level (thus allowing for a 

more straightforward experimental design). While the inherent link between syntax, 

semantics and information structure makes it impossible to fully separate them, this 
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framework allows for the possibility of controlling syntax and semantics in an 

experimental setting, allowing us to draw conclusions originating solely from the 

information-structural level. Stimuli can therefore be highly (though not completely) 

decontextualized. Grammar is still applied to stimuli, but the stimuli are not blind to the 

limited contextual components mentioned above. Cowles also claims that positing an 

independent, separate level of processing for information structure allows for the 

possibility of eliciting electrophysiological effects originating solely on the IS level of 

processing. These two features of the procedure make it much easier to eliminate or 

separate confounding factors arising from the semantic, syntactic and discourse levels.  

In her comprehensive study of ERP signatures indexed with the processing of 

information structure, Cowles (2003) formulated an Information Structure Processing 

Hypothesis, which claimed that speakers use a separate level of processing for IS, both 

for production and comprehension. Three predictions followed as corollaries of this 

hypothesis: 

1) Information structure should influence interlocutors’ mental states in an 

empirically observable way. 

2) Information structure influences mental states independently of syntax and 

semantics, and empirical electrophysiological evidence of this should be observable when 

syntax and semantics are controlled. 

3) Information structure should influence production inasmuch as an utterance 

reflects previously activated referents. 

Cowles’ Information Structure Processing Hypothesis not only predicts that 

information structure is reflected in the mental processing of speech, it also predicts that 

different information structural configurations exhibit different processing signatures. 

Cowles (2003) conducted several experiments to test these predictions; in particular, she 

formulated an ERP study to test the second prediction, i.e. that information structure 

influences processing at a level separate and independent from syntax and semantics. 
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These studies are discussed in detail in Chapter 5. The experiments conducted as part of 

this dissertation, detailed in Chapters 3 and 6, test these same predictions.  

 

2.3 INFORMATION  STRUCTURE CONSTRUCTIONS IN FRENCH 

In examples (2.1) and (2.2), we saw the contrast between the canonical French 

sentence (La pizza est sur la table) and a variation of the same proposition containing a 

cleft (C’est la pizza qui est sur la table). While canonical sentences such as (2.1) are 

frequently seen in written French and are often cited as reference forms in linguistic 

analyses of French, it turns out they are uncommon in the spoken language. 

(2.1)  La pizza est sur la table 

  ‘The pizza is on the table’ 

Corpus studies have revealed a striking preference in spoken French for bound 

pronouns as subjects in lieu of lexical subjects; in a corpus containing approximately 

1,560 clauses, there were 1,514 bound pronominal subjects and only 46 lexical noun 

phrases as subjects (François, 1974; Lambrecht, 2003). Thus, it is far less likely to hear a 

sentence like (2.1) in spontaneous speech than it is to hear a sentence with a pronominal 

subject, such as: 

(2.6) La pizza, elle est sur la table. 

or 

(2.7) Elle est sur la table, la pizza. 

Lambrecht (2003) refers to these favored constructions that contain pronominal 

subjects as preferred-clause constructions (PCC) for spoken French. He has claimed that 

the presence of PCCs reflects universal constraints on the mappings of information 

structure onto the grammatical structure of a language. As grammatical and typological 

features vary across languages, different strategies come into play cross-linguistically to 

satisfy this constraint. 
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As an example, consider the problem of argument-focus sentences, in which the 

focal element is one of the arguments in the sentence. Due in part to its ability to assign 

focus by means of prosodic stress (an increased amount of stress consisting of additional 

volume, length and pitch), English allows focus to fall on a subject in an argument-focus 

construction: 

(2.8) WHO ate my porridge? GOLDILOCKS did. (Lambrecht, 2003) 

French however, in part due to a phonological constraint favoring phrase-final 

stress, has a strong constraint against such configurations. As a consequence of its 

preference for the PCC, French displays a constraint against preverbal focus arguments or 

postverbal topic arguments (Lambrecht, 2003). Thus, the French equivalent to (2.8) is 

anomalous: 

(2.9) #QUI a mangé mon porridge? #GOLDILOCKS l’a mangé. 

As a strategy for resolving this dilemma, French employs what Lambrecht (2003) 

refers to as “PCC-targeted constructions”, which include secondary predication, 

dislocation and inversion. These constructions create contexts in which the PCC can be 

satisfied while still allowing the necessary IS configurations to be instantiated in the 

language. This dissertation will limit its scope to the discussion of two PCC-targeted 

constructions: secondary predication and dislocation. 

 

2.3.1 Secondary predication 

The PCC-targeted construction that is the most relevant to this dissertation is the 

use of secondary predication. In general, secondary-predication constructions contain two 

elements both denoting the same referent: as the subject of one predicate, and as the 

object of another. The first of these predicates must be semantically empty; thus in 

French, the options are restricted to c’est ‘it is’ (e.g. C’est moi qui paye ‘I’M paying’), (il) 

y a ‘there is/there are’ (e.g. Y a le téléphone qui sonne ‘The PHONE is ringing’), voilà 

‘here is/there is’ (e.g. Voilà la voiture! ‘There’s the car’), and under certain contexts, 
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forms of avoir ‘to have’ (e.g. J’ai ma mère qui est malade ‘My MOTHER is sick’) 

(Lambrecht, 2004). 

A c’est cleft is seen in the response to the question in (2.10), the expected spoken 

French equivalent of (2.8) and (2.9): 

(2.10)  Qui c’est qui a mangé mon porridge? C’est Goldilocks qui l’a mangé. 

 who is it who has eaten my porridge? it is Goldilocks who has eaten it 

 ‘WHO ate my porridge? GOLDILOCKS ate it.’ 

To some learners of French as a second language, or to those familiar with the 

written language but unfamiliar with the spoken language, such a construction might 

seem unusual or unnecessarily wordy. Indeed, many native French speakers might be ill 

at ease to see (2.10) in written form, as formal French instruction in primary and 

secondary education often propagates strong prescriptivist views against such 

constructions. But in spoken French the c’est cleft is a frequent solution to the dilemma 

posed by constraints on the PCC, to the extent that Lambrecht (2004) has argued that the 

c’est cleft has become grammaticalized in spoken French. 

Note that the argument focus indicated by a c’est cleft can be either informational 

or contrastive. The spoken French equivalents to (2.4) and (2.5) thus both contain a 

response with an identical surface structure: 

(2.11) C’est Dick, Tyler ou Spencer qui chantait? C’est Dick qui chantait. 

      ‘Was it DICK, TYLER or SPENCER who was singing? DICK was singing.’ 

(2.12) Qui c’est qui chantait? C’est Dick qui chantait. 

       ‘WHO was singing? DICK was singing.’ 

This feature of cleft constructions will be revisited in Chapter 6. 

While the c’est cleft is frequently used in situations requiring argument focus, the 

y a (or il y a) secondary predication construction can occur in situations requiring 

sentence focus.  
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(2.13)  [telephone rings] Il y a le téléphone qui sonne!  

‘The PHONE is ringing!’ 

In (2.13), there is no prior context activating the mental representation of le 

téléphone, so it is a brand-new referent; the speaker assumes it is not accessible to his 

interlocutor. Le téléphone must simultaneously be a focal element and the subject of X 

sonne, but the constraints on the PCC disallow a preverbal focal element. The il y a cleft 

avoids this by treating le téléphone as the object of the first predicate, thus satisfying all 

constraints and communicating the appropriate IS configuration. 

 

2.3.2 Dislocation 

Dislocation can be used to circumvent the prohibition on postverbal topic 

elements in French. (2.14a) poses the question “where is the hammer?” in a way that 

places focus on the location of the hammer; thus, one expects the response to the question 

to make the location the focal element as well3: 

(2.14a) Il est où le marteau? ‘WHERE is the hammer?’ 

(2.14b) #Voilà le marteau. ‘There’s the HAMMER.’ 

(2.14c) Il est là, le marteau. ‘THERE is the hammer.’ 

(2.14d) ?Le voilà, le marteau. ‘There it is, the hammer.’ 

The response in (2.14b) has the topic element le marteau in the final position and 

in the same clause as the verbal element, thereby violating French’s constraint against 

postverbal topics; thus, such a sentence would be pragmatically unacceptable. But (2.14c) 

employs right-dislocation to cope with the constraints of the PCC — the element le 

marteau is dislocated to the right, i.e. it is “extracted” from the main clause and, no 

longer in the verbal clause, is “shifted” to the postclausal position. (2.14d) also contains a 

                                                
3 The responses in (13b), (13c) and (13d), like many of the examples above, contain a resumptive instance 
of the topic noun from the question (le marteau). Native speaker informants have attested that they would 
omit the resumptive noun in many contexts; however, it is included here to better illustrate the possible 
configurations of topic and focus in this context.   
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right-dislocated noun phrase; however, some native speaker informants have reported 

that this response is infelicitous, possibly due to a clash between the presentational 

function of le voilà and the topicalization function of the right dislocation. The lack of a 

clear intuition for sentences like (2.14d) has consequences for the selection of 

experimental stimuli (see Chapter 3 for further discussion). 

Dislocation is extremely common in spoken French. As stated above, corpora 

analyses have shown the overwhelming majority of utterances to have pronominal 

subjects. Sentences of the type Il est fou, ce type ‘That guy is crazy’ are quite common, 

with numerous variations on the type of constituent that is dislocated, be it a noun phrase, 

prepositional phrase, de + noun, et cetera (Lambrecht, 2003). In general, right-dislocated 

elements are de-stressed, have a marked contrast in intonation with the preceding peak in 

intonation associated with the end of the main clause, and do not in fact exhibit a pause 

between the main clause and the dislocated element (De Cat, 2007, p. 34-35). The 

acoustic and prosodic features associated with left-dislocated elements, on the other hand, 

are more complicated and have yet to be clearly defined; some of the basic criteria for 

left-dislocated subjects is that their last syllable contains a rise in pitch, is prominent 

either in pitch or duration, and is part of a ‘medium-high-low’ contour continuing in the 

first two syllables of the following clause (De Cat, 2007, p. 60-61).  

 

2.4 CONCLUSION 

The concepts of topic, focus and contrastiveness are necessary to describe the 

mental states of interlocutors as they relate to their knowledge, state of consciousness and 

amount of interest in the discourse at hand. Additionally, topic and focus lead to 

immediate consequences for the grammatical structure of an utterance, as they interact 

with the grammatical and phonological constraints of a language to lead speakers to use 

certain constructions that fulfill the language’s preferred clause construction while 

communicating the requisite information-structural configuration. This chapter has 
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elaborated on several constructions commonly employed in French to this effect; as we 

see in the next several chapters, the link between these grammatical constructions and the 

mental states that lead to their use allows us to draw empirically based conclusions about 

the processing of information structure in the minds of French speakers. 
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Chapter 3: L2 acquisition of information structure: behavioral evidence 

 

Perfecting a second language is notoriously difficult for adults. From college 

students in a classroom to immigrants arriving in a new language environment, the 

majority of adult L2 learners never reach a level of proficiency equal to that of their 

native-language-speaking peers. Indeed, whether L2 learners are even capable of 

attaining the same level as native speakers is a matter of debate. Most research on second 

language acquisition is not about whether there are differences between L1 and L2 

acquisition (because there clearly are), but the extent of these differences, the role age 

plays in determining an L2 learner’s end state, whether there is a critical period for 

native-like acquisition, and whether native-like acquisition is at all possible for those who 

begin learning after childhood. 

The acquisition of information structure by adult L2 learners has previously been 

examined as it relates to the syntactic constructions employed by L2 learners in discourse 

and narrative (e.g. Carroll et al., 2000). Some studies have used production data to 

examine the acquisition of finiteness in L2 learners of French (Schlyter, 2003) and 

German (Dimroth et al., 2003; Dimroth, 2008); others have studied anaphora in narrative 

(Carroll and Lambert, 2003), the production of topic markers (Ferdinand, 2002), and the 

grammatical means used to organize information in learner varieties of German and 

English (Carroll and von Stutterheim, 2003). While many existing studies have examined 

the assignment of information structure to sentences, fewer studies have looked at L2 

learners’ ability to identify and process anomalies in the information structure of a 

sentence, and those that have studied this have targeted L2 learners’ sensitivity to 

information structure distinctions communicated by word order (e.g. Wilson et al., 2007 

for German; Kaiser and Trueswell, 2004 for Finnish). This dissertation makes the ability 

to judge information structure anomalies in the L2 one of its primary areas of inquiry, 
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thereby adding to the body of research on L2 information structure production by Carroll 

and colleagues. 

The large body of existing research on second language acquisition includes (but 

is not limited to) behavioral studies, data from grammaticality judgment surveys, ERP 

investigations, fMRI images, and much more. As another of the overall goals of this 

dissertation is to shed light on age effects on second language acquisition, this chapter 

will provide an overview of studies focusing on this issue. 

The first part of the chapter looks at the sources of age effects on language 

acquisition. The second section focuses on the critical period hypothesis for second 

language acquisition and its implications for the timing and geometry of age effects. The 

final section of the chapter discusses the results of behavioral data from two experiments 

to address the following research questions: Are L2 learners capable of performing like 

native speakers when making judgments about the acceptability of information structure 

constructions? Among L2 subjects, are there effects of age of arrival (AoA) on the ability 

to judge information structure anomalies? If so, does the geometry of these effects 

support a critical period for this facet of second language acquisition? The results of these 

experiments lead into Chapters 4, 5 and 6, where we consider electrophysiological 

evidence relating to the acquisition of information structure. 

 

3.1 AGE EFFECTS 

Penfield and Roberts (1959) originally formulated, and Lenneberg (1967) 

popularized, the idea that language acquisition was constrained by age, and that after a 

certain age language learning would be severely hampered, if not impossible. The cut-off 

age was at first operationalized as puberty, which according to Lenneberg coincided with 

the end of lateralization of the brain, and which in turn was claimed to lead to a reduction 

in the plasticity of the brain and its capacity to change in the manner required for 

language acquisition. 
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The original version of the critical period hypothesis related to first language 

acquisition only; however, the theory was eventually extended to second language 

acquisition, in part because of the great difficulty in finding direct evidence for or against 

such a theory when restricted to first languages. The most direct way to test the critical 

period hypothesis for first language acquisition — deprive a child of language input until 

after puberty — is obviously inhumane. Some researchers have instead looked to the rare 

incidents of feral children, in which unfortunate circumstances provide a close 

approximation of an experimental setup that could directly test the hypothesis. However, 

the very nature of an abandoned, abused or isolated child’s upbringing introduces several 

confounding factors. Curtiss (1977) followed the development of the woman known as 

Genie who, up until 13 years of age, spent most of her life chained up in her bedroom, 

abused and deprived of language. After being taken from this abusive environment, in the 

ensuing years Genie did not go on to develop a native-like capacity for language; she 

acquired some new lexical items, but never displayed normal English syntax. While this 

could be seen as support for the critical period for L1 acquisition on one level — at face 

value, this was indeed a case of a child not being exposed to language and then being 

unable to acquire it as an adult — the fact that she was emotionally and physically 

abused, suffered from a lack of nutrition, and may have exhibited signs of developmental 

disorders or other deficits prior to her maltreatment makes it impossible to separate her 

lack of language input from lack of proper care and, therefore, one cannot draw strong 

support for the critical period from this particular case or other similar cases.  

As the critical period hypothesis has been applied increasingly to L2 learners in 

the wake of Lenneberg’s (1967) popularization of the hypothesis, other authors have 

suggested refinements its specifics. For example, Bley-Vroman (1989) takes a strong 

stance on the discrepancy between adult and child language acquisition, characterizing 

them as “fundamentally different” and claiming that adults do not have any access 

whatsoever to the same acquisition system available to children. In strong versions of the 
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hypothesis such as this one, there is the implication that nativelike L2 acquisition is 

impossible after the end of the critical period. Those who take a weaker stance on the 

CPH have also called it a “sensitive period” rather than a critical period, implying that 

said period is important but not necessarily crucial for nativelike acquisition; Hyltenstam 

and Abrahamsson (2003) have also posited a “maturational” period, implying that during 

this period maturation takes place, which may then have an effect on acquisition. The 

specific criteria for the most notable formulations of the critical period hypothesis are 

detailed in section 3.2. 

Birdsong (2006) provides an overview of previous work on age and critical period 

effects on L2 acquisition and processing. Most research in this area focuses on the end 

state of acquisition in a learner or population of learners; in many studies (and in the 

present study), the rate of acquisition is ignored. The end state of acquisition for a learner 

is referred to as ultimate attainment; this does not necessarily reflect a native-like level of 

attainment, but is simply the final state of acquisition for that particular learner. Since 

speakers of first and second languages constantly acquire new vocabulary items (due to 

neologisms or borrowings entering the language, for example), it is somewhat misleading 

to think of ultimate attainment as a static point. A better analogy is an asymptote: As a 

speaker grows older his proficiency continues to increase ever so slightly, to the extent 

that it approaches a straight line but never quite becomes one. Note too that a speaker 

does not reach ultimate attainment for every facet of language at once. An L2 learner 

might reach his end state for pronunciation before syntax. In fact, it is believed that the 

sensitive period for nativelike attainment of pronunciation is shorter than that for 

nativelike syntax; for many learners, this is likely to result in differences in ultimate 

attainment between the two linguistic domains (Birdsong & Paik, in press). Even within a 

linguistic domain, a speaker will reach the end state for certain subsections of that 

domain before others. For example, an L2 learner of French might reach the end state of 
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his mastery of the French /y/ sound before reaching the end state of his acquisition of 

proper liaison contexts.  

A multitude of studies has shown a negative correlation between an L2 learner’s 

age at the time of arrival in the target environment and their eventual ability in the L2. A 

distinction is generally drawn between the age of immersion in the L2 context (age of 

arrival, or AoA) and the age at which a learner first enters a formal instruction 

environment, such as a classroom setting (age of exposure, or AoE); of the two, AoA is 

more commonly looked at in psycholinguistic second language acquisition studies. Late 

L2 acquisition is usually operationalized as having an AoA of no earlier than puberty; 

this can range from 12-20 years, depending on the study. Length of residence in the L2 

environment (LoR) is another variable that is often tracked, as is the amount of formal L2 

instruction a learner has undergone. 

Effects of AoA on proficiency are often referred to as “age effects”; however, this 

is somewhat misleading. AoA is used as a stand-in for the initial state of L2 acquisition 

— it is a “meta-variable” that encompasses the speaker’s neural state, prior L1 

knowledge, social and attitudinal factors, and other factors (Birdsong, in press). When 

end-state differences are attributed to the meta-variable of age, many subtleties are lost. 

End-state differences could theoretically correlate with neurobiological changes, 

attitudinal changes, working memory changes, or any of the other variables for which 

AoA serves as a proxy. It is thus more accurate to refer to AoA-related effects; however, 

due to the widespread use of “age effects” in the literature, the two are used here 

interchangeably. 

 

Bowden, Sanz and Stafford (2005) and Birdsong (in press) present several 

proposed sources of age-related effects. They can be classified into four major sources: 

neurobiology, neurocognition, cognitive development, and L1 entrenchment (see also 

Herschensohn, in press; Singleton & Ryan, 2004). 
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3.1.1 Neurobiological sources of age-related effects 

The principle behind neurobiological sources of age-related effects is that once 

the brain has organized itself over the course of acquiring the L1, it no longer retains 

sufficient plasticity to reorganize and accommodate an L2. Lenneberg (1967) suggested 

that the conclusion of lateralization of brain functions leads to a dramatic reduction in 

plasticity and should therefore lead to age effects. More recent variations of this model 

focus more on the idea that during L2 acquisition the brain must work with a previously 

existing structure with a reduced plasticity; lateralization is no longer central to most 

current models. Long (1990) and Pulvermüller and Schumann (1994) have cited 

myelination as a cause of the reduction of plasticity. Once axons are covered in a myelin 

coating they transmit electrical impulses more quickly; however, they are then less 

malleable, and the myelination process might inhibit growth of neighboring neurons. 

Pinker (1994) proposed the so-called “use it, then lose it” explanation of age-related 

effects. In this account, the language learner’s brain is genetically predisposed toward 

dismantling the neural structures used in language acquisition once they have served their 

purpose. 

 

3.1.2 Neurocognitive sources of age-related effects 

 These sources of age-related effects are not specific to language, but are due to 

maturational changes to the general cognitive faculty. For example, brain volume shrinks 

and the levels of neurotransmitters decrease with age (Cabeza, Nyberg, & Park, 2005). 

Ullman (2005) suggests that the neural mechanisms used in procedural learning suffer 

greater age-related effects than the mechanisms used in declarative learning. Under the 

Declarative-Procedural model of language processing that Ullman proposes, this would 

translate into highly automated rule-based processing for early learners, but would result 
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in late learners relying more heavily on lexical memory to store and retrieve 

morphologically complex words. 

 

3.1.3 Cognitive development as a source of age-related effects 

Newport (1990) outlines a model under which general cognitive development 

presents an impediment to second language acquisition. Under the “less-is-more” model, 

the increase in available working memory that comes with age acts as a hindrance to 

language learning because the learner attempts to process too much information at once. 

An infant learner, on the other hand, successfully acquires linguistic information due to 

its limited memory and conscious attention. 

Within a Chomskyian framework, reduced access to Universal Grammar (UG) 

and/or to the Language Acquisition Device (LAD) would be a source of age-related 

effects due to cognitive development. For example, Bley-Vroman (1989) claimed that 

adult learners have no access to UG or a LAD, and instead must rely on general learning 

mechanisms which do not function in the same way or as well as the mechanisms specific 

to language learning. 

 

3.1.4 L1 entrenchment as a source of age-related effects 

After years of use, the neural connections between the representations of the L1 

strengthen. One potential source of age-related effects arises from the possibility that a 

highly entrenched L1 would make it difficult to learn an L2. For example, Flege (1992) 

proposed that phonetic categories relevant to the L1 become so strongly entrenched that 

L2 learners exposed to new phonetic categories incorrectly treat the new segments as 

members of their strongly established, phonetically similar L1 categories. This results in 

non-nativelike perception and production. 
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Highly data-driven models of language would by definition be susceptible to age-

related effects due to entrenchment. Elman, Bates, Johnson, Karmiloff-Smith, Parisi and 

Plunkett (1996) describe a connectionist model that relies on the progressive 

strengthening of connections in order to acquire, process and store language. When 

representations of meaning and grammatical relations are defined solely by a network of 

interconnections between previous inputs, the as-yet-unseen patterns of input from an L2 

would only represent a small percentage of the learner’s network of input. It would 

therefore be difficult for an older learner to create new or competing representations in 

the presence of the previous input of the L1. 

 

Age-related effects on language acquisition are presumed to be due to some 

combination of the factors mentioned above. Likewise, the various models of language 

acquisition and processing mentioned above (e.g. Ullman’s Declarative/Procedural 

model; Newport’s “less is more” model; Pinker’s “use it, then lose it” model; reduced 

access to UG; connectionist networks) may all come into play to a certain degree. We 

will ignore the further implications of these and other models for the moment, but will 

return to them in Chapter 5. 

Turning away from the question of the sources of age effects, there are two 

related questions to address: What does the critical period hypothesis predict these age 

effects should look like? And what have previous studies found? 

 

3.2 CRITERIA FOR A CRITICAL PERIOD 

Generically, a critical period can be defined as: 

 
… the temporal span during which an organism displays a 
heightened sensitivity to certain environmental stimuli, the 
presence of which is required to trigger a developmental 
event. Typically, there is an abrupt onset or increase of 
sensitivity, a plateau of peak sensitivity, followed by a 
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gradual offset or decline, with subsequent flattening of the 
degree of sensitivity. (Birdsong, 2005: 111; see also 
Bornstein, 1989 and Colombo, 1982) 

 

Under this definition, a critical period starts at the peak level of sensitivity and 

includes any decline and subsequent reduced level of sensitivity that follows. The notion 

of a plateau in sensitivity, followed by a decrease and eventual flattening, has come to 

motivate much of the psycholinguistic research on age effects. Various behavioral 

measures (e.g. grammaticality judgments, measurements of reaction time) have been used 

to index performance with age of arrival. With a sufficiently large pool of subjects with 

various ages of arrival, one can create a visual representation of the relationship between 

performance and age of arrival, and draw conclusions from its geometry. 

 

 

Figure 3-1: Representations of a critical period. 

(a) An unorthodox representation of a critical period lasting only during the peak 

on sensitivity; (b) an orthodox representation of a critical period including both the onset 

and offset of sensitivity; adapted from Birdsong (2005)  
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Figure 3-1 illustrates two possible boundaries of a critical period. In 3-1(a), the 

critical period includes only the peak in sensitivity. Once the gradual decline in 

sensitivity begins, the critical period is considered to have passed. This is an 

unconventional view of the putative critical period as it relates to language acquisition; a 

more common definition is the one illustrated in 3-1(b), where the critical period includes 

all periods of heightened sensitivity, including the onset and offset, if present (Birdsong, 

2005). While the general definition of a critical period includes an onset, we can ignore 

this when speaking about language acquisition because sensitivity to language acquisition 

is generally considered to be at or near its peak immediately after birth (hence, the 

relative ease of child language acquisition). Therefore, a critical period for language 

acquisition would start at the peak level of sensitivity and include any decline and 

subsequent reduced level of sensitivity that follows. This representation of a critical 

period, containing discontinuities only between peak and offset and between offset and 

floor, is what Newport (1991) and Birdsong (2005), among others, have characterized as 

a “stretched Z” representation. 

Contrast Figure 3-1(b)’s stretched Z, and its two discontinuities, with the three 

alternative representations in Figure 2. As Birdsong points out, these are logical 

possibilities for age effects on language acquisition, however they do not qualify as true 

critical periods. 
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Figure 3-2: Age functions 

(a) discontinuity at the end of maturation, (b) discontinuity before the end of 

maturation, and (c) a linear decline (adapted from Birdsong, 2005)  

 

Figure 3-2(a) shows an age effect; however, it cannot be due to maturation, since 

it only begins once maturation has ended. Additionally, the decline in sensitivity is 

unbounded because it never hits floor level, and it therefore cannot be considered a 

“period”. Figure 3-2(b) shares this trait of unboundedness, keeping it from being a true 

“period”, although in this case the age effect is in fact a maturational effect, since it 

begins before maturation ends. The representation in 3-2(c) is neither bounded, nor does 

it contain any discontinuity at all. Rather, sensitivity is highest at birth and continually 

declines from that moment.  

According to a strong version of the critical period hypothesis for second 

language acquisition, speakers who begin to acquire an L2 after the end of the proposed 

critical period should exhibit a substantial deficit in production and comprehension 

accuracy compared to L2 speakers who acquire the language before the end of said 

period; the end of this period has variously been posited to coincide with the beginning or 

end of puberty or maturation (Birdsong, 2006; Singleton & Ryan, 2004). However, if the 
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period during which cognitive and maturational changes take place has already passed, 

all L2 learners who begin to acquire the language after the end of maturation should be 

equally poor at acquiring it. Johnson and Newport (1989: 90) characterize this account by 

suggesting that “the age effect is present during a time of ongoing biological and 

cognitive maturation and absent after maturation is complete (i.e., at puberty).” In their 

formulation of the critical period, “there should be a consistent decline in performance 

over age for those exposed to the language before puberty, but no systematic relationship 

to age of exposure, and a leveling off of ultimate performance, among those exposed to 

the language after puberty” (1989: 79). So under their definition of the critical period 

hypothesis for L2 acquisition, one would expect to see age effects between pre- and post-

critical period groups, but one would not expect to see a continuous age effect for those 

who were first exposed to an L2 after the end of the critical period. Post-maturational age 

effects would be seen as evidence against the Johnson and Newport (1989) version of the 

critical period hypothesis for L2 acquisition. This is the formulation of the critical period 

hypothesis that this dissertation places under investigation. 

Singleton and Ryan (2004) provide a general definition of a biologically based 

critical period using three criteria: 

1) it must apply to only a limited set of functions or behaviors (the authors cite the 

imprinting phenomenon of newborn ducklings as a non-linguistic example) 

2) it must be bounded by “well-defined and predictable termini” 

3) outside of the period bounded by these termini, the organism cannot acquire the 

behavior in question. 

A critical period defined by these criteria could be visually represented by what 

Birdsong (2006) calls a “stretched 7” — during the critical period, there is a horizontal 

line representing nativelike attainment, followed by a downward sloping line after the 

terminus of the period (see Figure 3-2a). A critical period defined by Johnson and 

Newport’s (1989) criteria, on the other hand, resembles what Birdsong (2006) calls a 
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“stretched Z” or a “stretched L”, i.e. performance declines during maturation (represented 

by a downward-sloping line), and this downward slope changes to a horizontal line at the 

end of maturation. 

 

To summarize, all of these definitions of a critical period hinge on three criteria: 

• the presence or absence of nativelike acquisition among late-AoA L2 

learners 

• the presence or absence of an eventual flattening in the AoA-performance 

relationship 

• the timing of discontinuities in the age function at transition points 

between periods of declines and leveling off of performance 

For example, Johnson and Newport’s (1989) version of a critical period would 

require: 1) no nativelike acquisition among late-AoA L2 learners; 2) an eventual 

flattening of the AoA-performance relationship; 3) discontinuities in the age function at 

the beginning and end of puberty. 

Both the Johnson and Newport (1989) and Singleton and Ryan (2004) definitions 

share the notion that a boundary on the critical period is crucial — without such a 

boundary, the timeframe cannot properly be called a “period”. Additionally, the existence 

of this boundary precludes L2 learners who begin acquisition after that point from 

acquiring the target features of the L2 to the same extent as learners who begin 

acquisition before the end of the critical period. This brings us back to the second crucial 

feature from Birdsong and Molis (2001): Ongoing age effects for which the AoA span 

traverses the end of the putative critical period are incompatible with a strong version of 

the critical period hypothesis, and the presence of any such effects would act as counter-

evidence to this hypothesis. 

Previous studies, such as those described in the following sections, have assessed 

the existence of a putative critical period in these terms. In relation to criterion 1), the 
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presence of nativelike acquisition can be considered evidence against the critical period 

hypothesis. In relation to criterion 2), the presence of a flattening in the AoA-

performance relationship post-maturation can be considered evidence of a “stretched Z” 

or “stretched L” geometry and therefore evidence for a critical period as defined by 

Johnson and Newport (1989); the absence of this leveling off can be taken as evidence 

against the presence of such a critical period. In relation to criterion 3), discontinuities 

coinciding with the beginning, or possibly the end, of maturation could be considered 

evidence for a critical period, whereas discontinuities occurring after the end of 

maturation (or not occurring at all) should be considered evidence against the critical 

period hypothesis. 

 

3.2.1 Geometric evidence for a critical period 

The landmark study by Johnson and Newport (1989) is often interpreted as having 

provided geometric and timing evidence in support of the critical period hypothesis. To 

explore the validity of the critical period hypothesis, the authors compared two differing 

versions of the hypothesis as it relates to L1 acquisition: the exercise hypothesis, which 

states that humans have a language learning capability that must be exercised to prevent 

atrophy and eventual disappearance after the critical period; and the maturational state 

hypothesis, which states that humans have a heightened ability to learn languages at an 

early age and that this capability is reduced with maturation. As the authors note, both 

versions of the hypothesis make the same prediction for L1 acquisition, but they differ in 

that the exercise hypothesis predicts that children who exercise their language learning 

capability will preserve it into adulthood, meaning they (as adults) would have an L2 

acquisition capability that is equivalent to that of a child. The maturational state 

hypothesis, on the other hand, predicts that all adults should have a reduced capacity for 

L2 acquisition compared to children. 
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To test these competing versions of the critical period hypothesis, they conducted 

a study that examined native speakers of Korean and Chinese learning English as an L2. 

The subjects who were chosen had ages of acquisition that varied widely, and were 

placed into two age groups: early arrivals, who arrived in the United States before age 15, 

and late arrivals, who arrived after age 17. The subjects performed a grammaticality 

judgment task that tested several aspects of English grammar. The results showed a 

statistically significant relationship between AoA and performance on the task (r = -.77, p 

< .01). For members of the early AoA group, the correlation was even stronger (r = -.87, 

p < .01). For the late AoA group, there was no significant correlation (r = -.16, p > .05). 

Johnson and Newport interpreted the group results for the late arrivals as evidence 

supporting the maturational model, since on average they had a reduced capacity for L2 

acquisition compared to those who arrived as children. However, even though the 

averaged scores for the late AoA group appeared to show a leveling off of performance, 

the data for individual subjects showed what appeared to be a nearly random distribution 

(hence the weak correlation). Some late-arrival subjects scored high (one even scored at 

or near ceiling), while others scored poorly; while the group as a whole performed poorly 

and without a strong correlation between AoA and performance, certain individuals were 

exceptions to this trend. Birdsong and Molis (2001) point out the random distribution in 

the data for late arrivals, and contrast this with results from their own replication study 

(see below). 

As the Johnson and Newport (1989) study came to be regarded as one of the more 

influential works investigating critical period effects, several replications were 

conducted. DeKeyser (2000) set out to replicate this study while simultaneously testing 

predictions of Bley-Vroman’s (1989) Fundamental Difference Hypothesis, namely, the 

implication that adults use “analytical verbal skills” to acquire an L2, which is 

fundamentally different from the way in which children use mechanisms dedicated solely 

to the implicit learning of an L1. In this study, native speakers of Hungarian who had 
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immigrated to the US were given a shortened, modified version of Johnson and 

Newport’s grammaticality judgment test of morphosyntactic constructions. The results 

showed a significant negative correlation between age of arrival and performance on the 

test for the subject group as a whole; however, no significant correlation was seen for 

either the early- or late-arrival groups when they were separated. The overall negative 

correlation was interpreted as being compatible with the results of Johnson and Newport 

(1989). However, a non-significant correlation for late arrivals is not the same thing as a 

flattening of performance, as predicted by the Johnson and Newport (1989) definition of 

a critical period. Most, but not all, of the highest-scoring late arrivals showed high levels 

of aptitude; this was interpreted as supporting evidence for the Fundamental Difference 

Hypothesis’ prediction that the only late learners who will exhibit the highest levels of 

performance are those with a high verbal aptitude. However, Bialystok (2002) has noted 

that there was a lack of discontinuity in the correlation between age of arrival and 

performance, as would be predicted by Johnson and Newport’s definition of the critical 

period. In her view, these particular results did not constitute evidence supporting the 

critical period hypothesis. 

In addition to DeKeyser’s (2000) study, there is a large body of work presenting 

evidence in favor of the critical period hypothesis for second language acquisition; e.g. 

Johnson (1992), Johnson and Newport (1991), among others. 

 

3.2.2 Geometric evidence against a critical period 

Not all of the studies revisiting critical period effects have found evidence 

supporting the claims of the critical period hypothesis. Birdsong and Molis (2001) 

replicated the Johnson and Newport (1989) study, with several notable differences in 

their results. Instead of using a sample of Korean and Chinese speakers of English as an 

L2, this study used only native Spanish speakers, thereby eliminating the original study’s 

confounding factor of having speakers of two typologically dissimilar languages in one 
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group. The subject group was also larger than the one used in the original study (n = 61). 

The Spanish L1 group was divided into early (AoA ≤ 16, n = 29) and late (AoA ≥ 17, n = 

32) arrivals into the L2 environment. The mean length of residence in the United States 

was 10 years. The subjects were presented with the same recorded English sentences as 

in the original study and asked to make judgments of their grammaticality. 

The early arrival group scored extremely well, but there was no significant 

correlation between AoA and accuracy (r = -.22, p = .22). The distribution of the data for 

early arrivals is indicative of a ceiling effect — all subjects achieved perfect or near-

perfect scores. This causes all data points in this group to fall roughly along a horizontal 

line; since there is no notable change in accuracy scores correlating with a change in 

AoA, one cannot properly speak of the possibility of a correlation for this group, even 

though the data has an orderly distribution. 

The late arrival group exhibited a strong age effect (r = -.69, p < .001). This 

includes data points from much older subjects (AoA = 35-45). This geometry resembles 

the “stretched 7” and is not compatible with Johnson and Newport’s (1989) “stretched Z” 

definition of a critical period. The Birdsong and Molis replication, on the other hand, did 

find a strong negative correlation in a data set with a more orderly distribution. This 

suggests that there is an age effect after the end of maturation, as opposed to a critical 

period after which performance is random or flat. 

Birdsong and Molis (2001) also found “modest evidence of nativelike 

performance” among the late arrivals. The results of this study do not support a 

“stretched Z”-like pattern of age effects, as there is no discontinuity at the end of the 

putative critical period (see Figure 3-1b). Rather, the results more closely match the 

geometry of Figure 3-2(a) or 3-2(b). According to the previously discussed geometric 

criteria, the results of this study suggest a refutation of the critical period hypothesis for 

L2 learners. 
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In another study, Flege, Yeni-Komshian, and Liu (1999) carried out a series of 

experiments meant to test the critical period hypothesis while simultaneously examining 

whether a putative critical period affects different domains of language equally — 

specifically, if it affects phonology and morphosyntax equally, and if it affects rule-based 

and idiosyncratic processes equally. Their control group consisted of 24 native speakers 

of English; the experimental group consisted of 240 native speakers of Korean who had 

acquired English as an L2. The Korean subjects were split into 10 subgroups based on 

age of arrival. There were two sections to the experiment: In the first part, subjects were 

aurally presented with English sentences, which they then repeated. Their output was 

later ranked in nativelikeness by a group of L1 speakers. In the second part of the 

experiment, subjects responded to a grammaticality judgment test. Most of the stimuli 

were taken or adapted from Johnson and Newport (1989); new stimuli were also added in 

order to test rule-based versus lexically based items. 

Data from the phonology portion of the experiment showed that the later the age 

of arrival for a subject, the less nativelike the native speaker judges rated his accent. 

When comparing means, all 10 of the L2 speaker subgroups scored worse than the 

control group. Later ages of arrival saw decreases in nativelikeness scores. The results 

from the morphosyntactic portion of the experiment differed slightly. Here, the lowest 

AoA group (2-6 years) did not score differently from the native controls at a level of 

statistical significance, but the other AoA groups did.  

The geometry of the Flege et al. (1999) data does not, in general, support a critical 

period for second language acquisition. As stated in section 3.2, the CPH predicts a 

discontinuity in the correlation between AoA and proficiency at the onset of puberty; this 

was operationalized as the range of 12-15 years. In the phonology experiment, a 

discontinuity was present; however, it did not occur at the time of puberty, but rather 

occurred sometime around 5 years. The data for the morphosyntax experiment, on the 

other hand, was much closer to the geometry predicted by the CPH — there was a 
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discontinuity in the 12-15 year AoA range. However, there was a correlation between 

AoA and proficiency for subjects whose AoA was both before and after the 12-15 years 

range; this disagrees with the results of Johnson and Newport (1989). 

In lieu of administering grammaticality judgments tests or other psycholinguistic 

metrics, Bialystok, Hakuta and colleagues conducted an analysis of data from the 1990 

U.S. Census (Bialystok & Hakuta, 1999; Hakuta, Bialystok, & Wiley, 2003). They 

analyzed the data from 2,016,317 Spanish L1s and 324,444 Chinese L1s. The census 

asked respondents to rate their English ability; it also collected information about their 

educational background, the year of their arrival in the United States, and their age at the 

time of the survey. The fact that the study relied on self-ratings of proficiency, instead of 

proficiency as measured by some standardized metric, sets it apart from the 

aforementioned studies; however, the study’s strength lies in its large number of subjects, 

a number that would not have been feasible if the data had been collected firsthand. 

The age and year information allowed the investigators to calculate AoA for each 

subject. Only data from respondents with at least 10 years of residence in the United 

States was used. The educational information also served as a factor for analysis. The 

experimenters specified that, for a discontinuity in the AoA-proficiency function to truly 

be indicative of the end of the putative critical period, the discontinuity would have to be 

independent of all factors other than maturational. For example, social changes such as a 

change in educational environment are indexed with age, yet are not directly due to 

maturation. Considering education as a factor separate from age allowed the authors to 

show that any potential discontinuity was independent of maturation. 

The results, however, lacked a clear discontinuity at the end of the putative 

critical period. The experimenters proposed two possible ages for the “critical point”, i.e. 

the point at which a discontinuity would be observed: ages 15 and 20. An analysis of the 

data showed no discontinuity for either subject group at either putative critical point. 

Instead, proficiency steadily declined in a linear fashion. 
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It is worth mentioning that the multitude of variations on the critical period 

hypothesis have been seen by some as a weakness of the theory. For example, Singleton 

(2005) likens the critical period hypothesis, with its many different definitions and end-

points, to the “hydra, whose multiplicity of heads and capacity to produce new heads 

rendered it impossible to deal with” (Singleton, 2005, p. 280). He suggests that, even if 

the various definitions and goal posts linked to different versions of the hypothesis were 

all reconciled and combined into one definition, the new unified version of the hypothesis 

would be too vague to be verifiable. At the same time, vigorous defenses of the 

hypothesis (such as that of Long, 2005) have kept the debate going by holding counter-

evidence to a critical period to rigorous standards. As is evident from the results of the 

studies above, it seems likely that the debate will continue, despite (or perhaps because 

of) ongoing revisions to the criteria by which it can be falsified. 

 

3.3 BEHAVIORAL STUDIES 

These and other studies drawing on behavioral data have provided mixed 

evidence for a critical period for L2 acquisition. While most of them have used 

morphosyntactic, or in some cases phonological, judgments to measure L2 learners’ 

language ability, none have used judgment tasks relating to speakers’ knowledge of 

information structure. The following section presents data from the first two of this 

dissertation’s three experiments, in which L2 learners of French were asked to make 

acceptability judgments for sentences containing felicitous or anomalous information 

structure. These experiments were conducted to look at the effect of AoA on L2 subjects’ 

performance on an information structure judgment task, and to determine whether these 

results suggest that acquisition of information structure is constrained by a critical period. 
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3.3.1 Experiment 1 

A judgment task was developed to determine the geometry and timing of any age 

effects seen in the identification of information structural anomalies by learners of French 

as a second language. Observed post-maturational age effects would constitute evidence 

against a strong version of the critical period hypothesis as it relates to the acquisition of 

information structure in the L2. Conversely, evidence of a “stretched Z” geometry of age 

effects would support the idea of a critical period for L2 acquisition. 

 

3.3.1.1 Subjects 

In this study, participants were asked to judge the acceptability of 60 written 

exchanges containing a variety of syntactic constructions used to communicate 

information structure in French. 

Control subjects (N= 44) were adult native speakers of French. Subjects in the 

experimental group (N = 26) were end-state speakers of L2 French, with the L1 being 

English. Age of arrival in the target environment ranged from 1 to 34 years. All subjects 

were at least 18 years of age. End state was operationalized as having lived in a 

Francophone country, and having used French as their primary language, for four or more 

years. While four years is not an optimally long period of residence, practical 

considerations for recruitment of participants necessitated this operationalization. The 

length of residency ranged from 4 to 32 years; the mean length of residency was 10 years. 

Nine subjects in the experimental group submitted incomplete surveys, and their 

responses were eliminated from the analysis. 
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3.3.1.2 Procedure 

Via e-mail, subjects received a link to an online biographical questionnaire and a 

60-item survey.4 Subjects were asked questions pertaining to their language use; in 

particular, they were asked to estimate the percentage of the time they hear and speak 

French at work, at home, and with friends, as well as to rate their own knowledge of 

French vocabulary, syntax and pronunciation on a scale of 1 to 10. Information on the 

subjects’ language history (languages spoken, countries of residence) was also collected. 

L2 subjects were asked to provide information regarding their age at the time of arrival in 

a francophone environment and the duration of residence there. 

The target stimuli consisted of constructed exchanges between two speakers, and 

included three different types of IS anomalies. Stimuli under the rubric of Anomaly 1 

begin with the question C’est quoi qui se trouve sur la table? (‘WHAT is on the table?’). 

The cleft construction c’est quoi qui places focus on quoi (‘what’), leading to the 

expectation that the constituent whose referent is co-indexed with quoi will also be a 

focal element in the response. In the control stimuli this is the case, as the response 

contains a felicitous IS configuration (3-1a); in the other half of the stimuli, the IS 

configuration is inappropriate in that it unexpectedly places focus on la table (3-1b). 

 

(3-1) Anomaly 1 

a. (expected IS configuration): 

    C’est quoi qui se trouve sur la table? 

    it is what that is located on the table 

   ‘WHAT is on the table?’ 

    C’est un marteau qui se trouve sur la table. 

                                                
4 While the use of this type of online survey carries with it limitations on the degree of control the 
experimenter has over the experimental conditions, it was employed in order to increase the diversity of the 
subject pool at low cost; see Kraut et al. (2004) for a discussion of the limitations and benefits of this kind 
of survey. 
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    it is a hammer that is located on the table 

   ‘A HAMMER is on the table.’ 

 

b. (infelicitous IS configuration): 

    C’est quoi qui se trouve sur la table? 

    it is what that is located on the table 

   ‘WHAT is on the table?’ 

  #C’est sur la table que se trouve un marteau. 

    it is on the table that is located a hammer 

   #‘A hammer is on the TABLE.’ 

 

With Anomaly 2, we see a question of the type Il est où le marteau? (‘WHERE is 

the hammer?’), in which où (‘where’) is focal. The expected response is Le voilà, le 

marteau (‘THERE is the hammer’), in which the location of the hammer is focal (3-2a). In 

the anomalous condition, a cleft construction in the response leads le marteau (‘the 

hammer’), otherwise the expected topic, to be focal (3-2b). 

 

(3-2) Anomaly 2 

a. (expected IS configuration): 

    Il est où le marteau? 

   it is where the hammer 

  ‘WHERE is the hammer?’ 

   Le voilà, le marteau. 

   it is there the hammer 

   ‘THERE is the hammer.’ 

 

b. (infelicitous IS configuration): 
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    Il est où le marteau? 

    it is where the hammer 

   ‘WHERE is the hammer?’ 

  #C’est le marteau qui est là.  

    it is the hammer that is there 

   #‘The HAMMER is there.’ 

 

Under Anomaly 3, a brand-new referent is inappropriately assigned topic status. 

Following the question Qu’est-ce qu’il y a sur la photo? (‘What’s in the photo?’), one 

possible felicitous response would employ a presentational il y a construction to 

introduce a brand-new referent, as in (3-3a). In the anomalous response (3-3b), the item 

in the photo is treated as a topic, which is infelicitous given it ought to be treated as 

brand-new information under Prince’s (1981) scale of Assumed Familiarity. 

 

(3-3) Anomaly 3 

a. (expected IS configuration): 

    Qu’est-ce qu’il y a sur la photo? 

    what is it that there is in the photo 

   ‘What’s in the photo?’ 

    Il y a un marteau qui est sur la table. 

    there is a hammer that is on the table 

   ‘There’s a HAMMER on the table.’ 

 

b. (infelicitous IS configuration): 

    Qu’est-ce qu’il y a sur la photo? 

    what is it that there is in the photo 

   ‘What’s in the photo?’ 
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    #Il est sur la table, le marteau. 

    it is on the table the hammer 

   #‘The hammer is on the table.’ 

 

Stimuli were presented in 10 blocks of 6 exchanges. Each block was presented in 

conjunction with an onscreen image providing a context for the exchanges. Each 

onscreen image was a photograph of a household object (e.g. a hammer, a hat, an orange) 

on top of a wooden table. Subjects rated each exchange as acceptable or unacceptable. 

“Unacceptable” was defined for the subjects as indicating that “the exchange sounds odd, 

lacks sense or would be very unlikely.” 

 

3.3.1.3 Analysis 

Correct responses were defined as those where a subject rated a felicitous control 

sentence as acceptable, or rated a sentence containing an information structure anomaly 

as unacceptable. Percent-correct scores on the judgment task were calculated for all 

participants (see Table 3-1). When the scores for all L2 subjects were pooled together 

into one aggregate analysis, there was a negative correlation between AoA and task 

scores that fell just short of significance (r = -.460, p = .063). This age effect extends 

across all AoAs, including post-maturational AoA (see Figure 3-3); such an overarching 

age effect is consistent with findings from prior age-related research. 
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Table 3-1: Task scores 

Native speakers’ mean scores and L2 subjects’ AoA and mean scores on 

acceptability judgment tasks. Mean score reflects the average scores across all six 

sentence types tested. 
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Figure 3-3: L2 subjects’ percent correct scores on judgment task performance 

Versus age of arrival in years; percent correct reflects scores on all six stimuli 

types 

 

Under a strong version of the critical period hypothesis for second language 

acquisition, e.g. the one discussed by Johnson and Newport (1989), in the presence of a 

critical period we would expect to see a high level of performance for the earliest arrivals 

in the L2 environment, followed by a decline in performance and ending with a flattened 

low level of performance for the later arrivals (i.e. the abstract “stretched Z” geometric 

representation of a critical period). A visual inspection of Figure 3-3 shows no such 

geometry. Instead, there is a cone-shaped distribution pointing downward from ceiling 
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level and widening with later AoA; this increasing variability with increasing AoA is 

compatible with what is known about cognitive performance with increasing age (e.g. 

Schaie, 1994). While many subjects exhibited ceiling-level performance, the greater 

number of lower-performing scores for higher-AoA subjects is compatible with a general 

trend of age effects after maturation. The presence an unbounded post-maturational age 

effect extending well into adulthood is indicative of a “stretched 7” geometry, and is 

therefore not compatible with Johnson and Newport’s (1989) stipulation that there must 

be no ongoing age effects on L2 performance past maturation. Additionally, the presence 

of ceiling-level performance (including subjects with AoA of as high as 30 scoring 

perfectly), conflicts with the requirement that nativelike acquisition is impossible outside 

the critical period. These results are therefore at odds with the notion of a critical period 

for the acquisition of these information structural configurations for native speakers of 

English acquiring French as an L2. However, the correlation between AoA and 

performance fell just short of significance, making any conclusions about age effects 

somewhat tenuous. 

Following Johnson and Newport (1989), DeKeyser (2000), Birdsong and Molis 

(2001) and others, a disaggregate analysis was conducted in which separate regressions 

were performed on data from the early and late AoA subjects. By separating the two AoA 

groups in a disaggregate analysis, we might expect to see clearer evidence of a 

discontinuity in the AoA function. However, this is not the case. A disaggregate analysis 

was conducted with the cutoff point between the two AoA groups operationalized as 

AoA = 20.5 The correlations between AoA and task scores did not reach significance for 

either group: For the early group (AoA < 20), r = -.168 and p = .719. For the late group 

(AoA ≥ 20), r = .095 and p = .793. A visual inspection of the data shows a clear lack of 

either a “stretched Z” or “stretched L” geometry (see Figure 3-4). Indeed, the lack of a 

                                                
5 Disaggregate analyses using earlier cutoff points could not be interpreted in any meaningful way because 
the number of available data points was too small. 
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strong significance for the late arrivals’ correlations can be attributed to a high degree of 

variability in that subset of the data. Crucially, the data for the late-AoA group does not 

reflect a flattening of the age function, because the distribution of the data points is 

random. 

   Early AoA     Late AoA 

   

 

Figure 3-4: Disaggregate analysis 

AoA (years) versus performance on acceptability judgment task. Early group 

(AoA < 20): r = -.168, p = .719; late group (AoA ≥ 20): r = .095, p = .793 

 

When control and anomalous conditions of all three IS anomalies were grouped 

together, the average score was .899 correct for L1 subjects and .922 correct for L2 

subjects. A t-test showed a difference in performance between the L1 and L2 subject 

groups that was not statistically significant (mean difference = .03, df = 59, t = 1.035, p = 

.305). An analysis of variance (ANOVA) was then performed to look for interaction 

effects between the subject group and the type of IS anomaly tested. The ANOVA 

showed a non-significant interaction of subject group and type of IS construction (p = 

.348, between-subjects df = 2, f = 1.873). However, a visual inspection of the percent 
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correct scores for each sentence type shows that certain types of stimuli evoked more 

marked differences between the two subject groups than others (see Figure 3-5). 

  

 

Figure 3-5: Line plot of percent correct score by sentence type 

 

The differences between the native speakers’ and L2 speakers’ scores were 

measured using t-tests. Scores for each type of information structural anomaly were 

tested separately. The results of the t-tests showed no significant difference between the 

groups’ scores for Anomaly 1 (t = -.183, df = 112, p = .823), Anomaly 2 (t = -.480, df = 

112, p = .189) or Anomaly 3 (t = -.414, df = 112, p = .142). The interaction line plot in 

Figure 3-5 does show some variation in the grand average scores for the L1 group across 

the six types of stimuli, most notably for the control sentences of Anomaly 3; however, 

the difference between the two groups’ scores on just the control items fell just short of 

significance (t = -.793, df = 55, p = .07). I speculate that this is due to native speakers’ 

intuitions of prescriptive grammar. Several native speaker informants affirmed that the 

control sentences might be acceptable in spoken French but not in the written modality, 
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or were otherwise unusual; this concern was addressed in the follow-up experiment (see 

section 3.3.2). 

Correlations between L2 subjects’ judgment accuracy (averaged across all 

stimulus types) and self-ratings of proficiency were calculated (See Table 3-2). Pearson 

product-moment correlations were non-significant for self-ratings of vocabulary (r = 

.336, p = .126) and syntax (r = .000, p = .998). The Pearson correlation between accuracy 

and self-rating of pronunciation fell just short of significance (r = .470, p = .057); under a 

Spearman rank-order analysis, this relationship was significant (Rho = .582, p = .014). 

These analyses provide mixed evidence for a relationship between an L2 learner’s self-

assessed proficiency and their actual proficiency in the area of information structure. 

 
 
  Self-ratings Schema 1 Schema 2 Schema 3 
AoA Vocab Syntax Pronunciation Condition Control Condition Control Condition Control 

1 9 8 9 1 1 1 0.8 1 1 
3 7 8 10 1 1 1 1 1 1 

15 10 10 10 1 1 1 1 1 1 
17 9 9 8 1 1 0.7 1 0.8 1 
17 10 10 10 1 1 1 1 1 1 
19 8 5 9 1 1 1 1 0.9 1 
19 8 6 9 1 1 1 0.9 1 0.9 
20 9 9 9 1 1 1 1 1 0.9 
20 10 10 9 1 1 1 1 0.9 0.4 
21 8 8 8 1 1 0.4 1 0.9 1 
26 7 9 9 1 0.9 1 1 1 0 
27 7 6 5 0.5 1 0.9 1 0.6 0.9 
27 9 9 5 1 1 1 1 1 0.1 
28 4 7 2 1 0.7 1 0.7 0.9 0.7 
30 7 7 3 1 1 1 1 1 1 
32 7 5 9 1 1 1 0.7 1 1 
34 8 7 6 1 0.8 1 0.7 1 1 

 

Table 3-2: L2 subjects’ self-ratings of proficiency and scores for Experiment 1 

 

To summarize, under the aggregate analysis of the data there was evidence for an 

AoA effect on task performance across the entre span of AoA. Under a disaggregate 
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analysis of the data, there was no evidence of an age effect geometry consistent with the 

stretched 7, Z or L representations of the critical period. Instead, there was evidence of 

ceiling-level performance among early-AoA learners, followed by a random distribution 

of data points for later AoA learners. Moreover, there were instances of ceiling-level or 

near-ceiling-level performance among late arrivals, a finding inconsistent with the 

Johnson and Newport (1989) definition of a critical period. 

These findings suggest that acquisition of the ability to judge information 

structure in the L2 is not constrained by a critical period. However, the small number of 

subjects makes it difficult to interpret the disaggregate data. Furthermore, comments from 

several subjects suggested that normative attitudes towards some of the stimuli 

influenced their performance on the task, and that the stimuli for Anomalies 2 and 3 were 

particularly problematic for some subjects. These results warranted a follow-up 

investigation. 

 

3.3.2 Experiment 2 

In light of the inconclusive results of Experiment 1, a second experiment was 

conducted to determine if L2 speakers at asymptote perform comparably to natives on IS 

judgment tasks; this experiment was also intended to address the ease of the task in 

Experiment 1. Experiment 2 consisted of the behavioral component of an experiment 

involving the measurement of electrophysiological data in which L1 and L2 speakers of 

French performed an acceptability judgment task for sentences instantiating felicitous and 

infelicitous information structures (see Chapter 6 for discussion of the 

electrophysiological portion of the experiment). L2 subjects were those whose AoE was 

around the end of the putative critical period, with varying levels of L2 proficiency. 

In Experiment 1, the scores among L2 subjects were at or near ceiling, and 

Experiment 2 was intended to address this concern. One possible reason for the high 

scores in Experiment 1 is that all L2 subjects were of a high enough proficiency that the 
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task presented minimal difficulty; manipulating proficiency as a learner variable allows 

us to see whether an increase in proficiency leads to an improvement in performance. 

Conversely, if the task is uniformly easy for all L2 learners and we see no correlation 

between proficiency and task scores, this would suggest that making information 

structure judgments is inherently easy for L2 learners with English as an L1, perhaps due 

to transfer from L1 English (which instantiates cleft structures comparable to those in 

French, though they are used in marked contexts). In Experiment 2, the stimuli were 

limited to reworked versions of the Anomaly 1 stimuli from Experiment 1, taking into 

account comments from several subjects who found Anomalies 2 and 3 problematic. 

Finally, controlling the rate at which sentences were presented to participants (see 

3.3.2.2) eliminated the possibility of subjects’ deliberating over their judgments for an 

extended period, and presumably forced a more spontaneous response. 

 

3.3.2.1 Subjects 

 Control subjects were adult native speakers of French (N = 12). The two 

experimental groups consisted of low-proficiency L2 speakers of French (N = 12) and 

high-proficiency L2 speakers of French (N = 12), all of whom spoke English as an L1. 

Subjects were recruited from the faculty and student population of the University of 

Texas at Austin, as well as from the local francophone community. L2 subjects were 

assigned to a proficiency group based on the composite average of self-reported 

speaking, reading, listening and pronunciation levels, as measured by a modified version 

of the LEAP-Q questionnaire (Marian et al. 2007). Subjects were closely matched for 

Age of Exposure (AoE) between the two L2 groups in order to control AoE as a variable 

(See Table 3-3). The average AoE for the low-proficiency subjects was 16.4 years, and 

the average AoE for the high-proficiency subjects was 15.4 years. The difference in mean 

AoE between the two groups was non-significant (p = .902, df = 22, f = .016). The 

average time spent in the target environment for the low-proficiency subjects was 3.5 
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months, while the average time spent in the target environment for the high-proficiency 

subjects was 1 year. Since the low-proficiency subjects had, on average, spent very short 

periods of time in the L2 environment, it was determined that the AoA variable was not 

meaningful for these subjects. Therefore, AoE (defined as the age of first classroom 

exposure to the L2) was considered for all L2 subjects rather than AoA. 

 
 

High-proficiency L2 Low-proficiency L2 
11 12 
12 12 
12 13 
13 14 
14 15 
14 15 
15 18 
16 18 
18 18 
18 18 
19 20 
23 24 

Average  
15.4 16.4 

 

Table 3-3: L2 subject age of exposure (in years) to the target language 

 

All subjects were at least 18 years of age, and were right-handed. The average age 

of subjects was 31.4 years for the L1 subjects (range = 19-48), 21.5 years for the low-

proficiency L2 subjects (range = 20-30), and 27.6 years for the high-proficiency L2 

subjects (range = 18-41). 

 

3.3.2.2 Procedure 

 Subjects were seated in front of a monitor in a quiet booth and were visually 

presented a photograph of a household item on a table, followed by a question and 
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response relating to the contents of the photograph. The target sentences (i.e., the 

response portions of the brief dialogues) were presented one word at a time, with each 

word appearing at the center of the screen for 300 ms. The interval between the onsets of 

each word in the target sentence was 650 ms6. By pressing either a ‘yes’ or ‘no’ button on 

a response box, subjects indicated whether they thought the target sentences would be 

acceptable in spoken French. An acceptable sentence was defined for the subjects as “one 

that they could imagine a person saying that would not seem unusual” given the 

preceding context. 

 Before presentation of stimuli, subjects were shown a list of 10 decontextualized 

sentences representative of spoken French (e.g. Où que tu vas? ‘Where are you going?’, 

Y a le téléphone qui sonne. ‘The phone’s ringing’, T’as mal au genou? Non, c’est mon 

pied qui me fait mal. ‘Your knee hurts? No, it’s my foot that hurts’). In light of the results 

of Experiment 1, the goal of this was to counteract the influence of normative attitudes 

toward the written modality (Ager, 1990). Van Compernolle and Williams (2007) have 

found that, within certain genres of computer-mediated communication like IRC and live 

chat, native French speakers use these kinds of orthographic variations to mimic the 

informal quality of spoken French, and to differentiate it from the more formal standard 

written French. Subjects were informed that the experiment was meant to reflect spoken 

French (despite consisting of written sentences), and they were asked to verify that they 

could imagine situations in which these decontextualized example sentences could be 

spoken, despite the fact that they are usually not written. This was done to acclimate them 

to the informal style indicative of spoken French, and to provide an opportunity for them 

to recognize that the orthographic conventions of this style of written French correspond 

to informal spoken French. 

                                                
6 These timing intervals were chosen because they minimize the chances of ERP components overlapping 
each other during the ERP data collection process. 
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Subjects were presented with 55 control sentences (6), 55 condition sentences 

containing an infelicitous IS configuration (7), and 90 filler sentences7. The control and 

IS condition sentences were comparable to those used for Anomaly 1 in Experiment 1. 

 

(3-4) Control (expected IS configuration — informational focus): 

C’est quoi qu’on voit sur la table? 

‘WHAT do we see on the table?’ 

C’est un marteau qu’on voit sur la table. 

‘We see a HAMMER on the table.’ 

 

(3-5) Condition (infelicitous IS configuration): 

C’est quoi qu’on voit sur la table? 

‘WHAT do we see on the table?’ 

#C’est sur la table qu’on voit un marteau. 

#‘We see a hammer on the TABLE.’ 

 

Filler sentences were included to prevent the subjects from guessing the true 

nature of the experiment. Half of the filler sentences contained a target sentence that was 

identical to that of the corresponding control sentence. However, the preceding context 

was manipulated by introducing a choice between two referents, thus making the c’est 

cleft in the response an instantiation of contrastive focus (3-6).  

 

(3-6) Filler 1 (expected IS configuration — contrastive focus): 

Est-ce que c’est un verre ou un marteau qu’on voit sur la table? 

‘Is is a glass or a hammer that we see on the table?’ 

                                                
7 As mentioned above, data collection was conducted in conjunction with an electrophysiological recording 
session. In several cases, data collection ended prior to the presentation of all stimuli sentences due to 
constraints from the electrophysiological recordings. 
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C’est un marteau qu’on voit sur la table. 

‘We see a HAMMER on the table.’ 

 

The other filler sentences contained a semantic mismatch. Target sentences 

named an object whose identity conflicted with that of the object in the image the subject 

had just seen (3-7): 

 

(3-7) Filler 2 (expected IS configuration — semantic mismatch): 

C’est quoi qu’on voit sur la table? 

‘WHAT do we see on the table?’ 

*C’est un journal qu’on voit sur la table. 

*‘We see a NEWSPAPER on the table.’ 

 

3.3.2.3 Analysis 

Acceptability judgments for the infelicitous IS condition sentences were tabulated 

for the three subject groups (See Table 3-4). For the control sentences and both types of 

filler sentences, subjects in all three groups judged nearly all stimuli accurately. Here 

‘accurately’ means that they judged felicitous control sentences as acceptable, and 

rejected anomalous sentences as unacceptable. Judgments of the IS anomalies, on the 

other hand, departed from ceiling, with L1 subjects accurately judging 47.3% of these 

anomalies, low-proficiency L2 subjects judging 24.9% accurately, and high-proficiency 

L2 subjects judging 53% accurately. 
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 Control IS 
anomaly 

Felicitous 
filler 

Semantic 
mismatch filler 

L1 98.9% 47.3% 97.6% 95.8% 
LL2 99.5% 24.9% 98.7% 96.7% 
HL2 98.4% 53.0% 96.5% 98.3% 

 

Table 3-4: Percent-accurate judgment scores by condition  

 

A look at the responses for the IS anomaly sentences shows that subjects in all 

three groups displayed a tendency to consistently classify the anomalous IS sentences as 

either all being acceptable, or all being unacceptable (See Table 3-5). Overall, the 

tendency was for subjects to judge the anomalous sentences as acceptable, i.e. most of the 

subjects made inaccurate judgments. A minority of subjects in each group accurately 

rejected the anomalous sentences as unacceptable. With the exception of one high-

proficiency L2 subject (AoE = 12) who was inconsistent in his judgments, rarely did an 

individual judge the sentences in a way that deviated from his particular tendency overall. 

When percent-correct scores were calculated for each subject, this revealed bimodal 

distributions within each of the three subject groups: Each group contained some subjects 

who overwhelmingly judged the IS condition sentences to be acceptable, and several 

other subjects who judged them to be unacceptable. 
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Low-proficiency L2 High-proficiency L2 Native speakers 
AoE Accurate Inaccurate AoE Accurate Inaccurate Accurate Inaccurate 
12 48 1 11 50 0 54 1 
12 41 9 12 1 49 49 1 
13 3 46 12 20 21 48 2 
14 0 55 13 1 40 47 3 
15 1 49 14 45 7 41 9 
15 1 49 14 0 32 29 1 
18 0 32 15 55 0 1 39 
18 54 1 16 47 2 0 49 
18 0 50 18 50 2 0 43 
18 2 28 18 1 54 0 50 
20 2 48 19 1 49 0 43 
24 0 37 23 46 0 0 50 
 152 405  317 256 269 291 

 

Table 3-5: Accurate and inaccurate responses 

Responses for acceptability judgment of IS anomaly sentences (responses 

belonging to subjects who accurately rated the majority of IS condition sentences as 

unacceptable are in bold)  

 

The responses shown in bold are those of subjects who consistently judged the IS 

anomaly sentences to be unacceptable. As seen in Table 3-5, only three low-proficiency 

L2 subjects displayed such behavior, while six high-proficiency L2 subjects and six L1 

subjects displayed the same behavior. The fact that only three low-proficiency subjects 

made accurate judgments, compared to six subjects in each of the other proficiency 

groups, suggests some difference in task performance due to differences in proficiency. A 

chi-square analysis of the raw scores confirms that the proficiency groups performed 

differently: The scores for the low-proficiency group diverged significantly from those of 

the L1 group (chi-square = 51.2, df = 1, p < .001) and the high-proficiency group (chi-

square = 91.4, df = 1, p < .001). The scores for the L1 and high-proficiency L2 groups 

also diverged significantly (chi-square = 6.02, df = 1, p = .014); however, the fact that six 
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out of twelve subjects in both groups judged the IS anomalies to be unacceptable 

indicates that these two groups behaved similarly in this respect. This similarity between 

the performance of the L1 and high-proficiency L2 subjects is interpreted as modest 

evidence for an increase in judgment task ability with an increase in L2 proficiency. 

At the same time, the L1 and high-proficiency L2 groups appear to have scored 

near chance levels. A chi-square analysis comparing the observed responses with those 

expected under chance conditions shows that the L1 subjects (chi-square = .280, df = 1, p 

= .597) and high-proficiency L2 subjects (chi-square = 3.25, df = 1, p = .071) scored at 

chance levels. The low-proficiency subjects, most of whom judged the anomalous 

sentences incorrectly, did not score at chance levels (chi-square = 60.5, df = 1, p < .001). 

Importantly, we cannot attribute their scores to a general response bias to accept all 

stimuli: The same subjects accurately identified the control and felicitous filler sentences 

as acceptable, and accurately identified the semantic mismatch filler sentences as 

unacceptable (See Table 3-4). A chi-square analysis comparing the observed responses 

with those expected under an incorrect response bias confirms that their performance was 

not due to a negative response bias (chi-square = 176, df = 1, p < .001). Given these 

results, any given L1 or high-proficiency L2 subject has an approximately 50-50 chance 

of correctly judging the anomalies, whereas the majority of low-proficiency L2 subjects 

will judge the same anomalies inaccurately. 

To shed light on the reasons for these bimodal distributions, behavioral data was 

integrated with electrophysiological data recorded during the same task as part of 

Experiment 3. A full discussion of the results of this analysis is found in Chapter 6. 

An examination of percent-correct scores on the anomalous IS condition 

judgment task and initial age of exposure to French shows no relationship between the 

two variables (Figure 3-6). A visual inspection of the data shows that earlier learners of 

French did not necessarily perform better on the task than later learners. This applies to 

both high- and low-proficiency subjects. The Pearson correlation between AoE and task 
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score was non-significant for low-proficiency subjects (r = -.469, p = .124), high-

proficiency subjects (r = .157, p = .625), and for the two L2 groups combined (r = -.141, 

p = .511). 

 

 

Figure 3-6: Percent-correct scores versus AoE 

AoE = age of exposure to the target language (in years). Percent correct refers to 

performance on anomalous IS condition judgment task 

 

A disaggregate analysis of the L2 subjects’ scores was also conducted, in which 

subjects of AoE ≤ 14 were grouped together as early exposure learners, and subjects of 

AoE > 14 were grouped together as late exposure learners. There was no significant 

correlation between AoE and task scores for either the early exposure learners (r = -.506, 

p = .135) or the late exposure learners (r = -.061, p = .836). 
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No significant correlation was found between judgment task scores and subjects’ 

averaged speaking, reading, listening and pronunciation self-ratings (r = .077, p = .720), 

nor was there any correlation between judgment task scores and the amount of time spent 

in a Francophone country (r = -.234, p = .464 for the low-proficiency group; r = .285, p = 

.370 for the high-proficiency group; r = .224, p = .293 for both L2 groups combined). 

The results of the chi-square analysis (above) indicate that, as a population, high-

proficiency L2 speakers performed better at the information structure judgment task than 

low-proficiency L2 speakers did. However, the lack of significant correlations between 

task scores and all other variables examined (AoE, length of residence in the target 

environment, self-ratings of proficiency) suggests an extremely high degree of variability 

from subject to subject. 

Furthermore, the lack of consensus regarding the acceptability of the anomalous 

IS sentences, even among the L1 subjects, gives pause. What truly makes an utterance 

acceptable or unacceptable to these subjects? There are two possible reasons for this 

inter-subject variability: One is that the operationalization of acceptability (a sentence 

“they could imagine a person saying, and it would not seem unusual”) that was provided 

to the subjects lent itself to more than one interpretation. To avoid this in future studies, 

the definition of acceptability should be very precise. The other possible source of 

variability in subjects’ responses is that, for some speakers, the target sentence’s 

referentiality and truth value overshadowed the information structure of the preceding 

context during the judgment task. This could have been an overt decision on the part of 

the subject, or a due to between-subject differences in the processing mechanisms used to 

process information structure. I consider this a more likely source of variability, 

especially in light of comments several subjects made after the session. These subjects 

stated that their knowledge of the truth value of the target sentence conflicted with what 

they knew about the context in which it appeared, and that this made them biased towards 

responding based on truth value. I interpret this as evidence that speakers have more 
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developed intuitions of truth value (which, for sentences in an experimental design such 

as this one, is limited to values of +true and –true) than they do for notions of information 

structure. Considering that information structure is, broadly speaking, more about 

communicating the subtleties of a proposition than communicating the proposition itself, 

it is not surprising that truth value would be more salient than topic and focus relations. 

 

3.4. CONCLUSION 

The results of these experiments provide evidence regarding the existence of a 

putative critical period for the L2 acquisition of information structure, and about the way 

information structure is processed. 

Two findings act as counter-evidence to the claims of the strong version of the 

critical period hypothesis for second language acquisition: 

1) Geometric evidence: Under an aggregate analysis of the data from Experiment 

1, there is marginal evidence for a decline in L2 speakers’ ability to judge the 

acceptability of ill-formed information structural configurations as age of arrival in the 

L2 environment increases. The relationship between judgment task proficiency and age 

of arrival continues to decline past the years of physical and cognitive maturation and 

well into adulthood, unlike the “stretched Z” geometry of a putative critical period (a 

criterion of Johnson and Newport 1989). Since the geometry of this correlation indicates 

that post-maturational age effects are observed for L2 speakers, this is at odds with the 

predictions of a strong version of the critical period hypothesis for second language 

acquisition regarding the acquisition of information structure in French. 

2) Native-like performance: In both experiments, the high level of native-like 

performance on the judgment task among late arrivals in the L2 environment is contrary 

to one of the requisite criteria for a critical period. L2 subjects in both experiments 

showed native-like performance on information structure judgment tasks. This violates 

Johnson and Newport’s (1989) criterion that late-AoA learners should not exhibit native-
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like behavior, as well as Singleton and Ryan’s (2004) criterion that learners cannot 

acquire a target behavior once a critical period has passed. The high degree of 

nativelikeness could be interpreted as a sign that the judgment task was too easy for many 

of the respondents; if so, this could be evidence of a transfer effect between English as an 

L1 and French as an L2 as far as information structure is concerned, and such an effect 

would warrant further investigation. However, the fact that the group of classroom 

learners in Experiment 2 who had little to no experience in the target environment did not 

exhibit nativelike performance runs counter to this, since any such transfer effect should 

apply equally to all L2 learners regardless of their time spent in the target environment. 

Regarding the way in which information structure is processed, the results of 

Experiment 2 suggest that under controlled experimental conditions, for some subjects 

truth value takes precedent over focus structure when judging acceptability, but for other 

subjects the reverse is true. This was observed in the behavioral data and 

electrophysiological data for both native and advanced L2 speakers: subjects who judged 

stimuli based on truth value exhibited different electrophysiological signatures from 

subjects who judged the same stimuli based on focus structure. Because of the small 

amount of available data for these behavioral subgroups, further studies with more 

participants should be conducted to examine these differences in processing. (For a full 

discussion of the electrophysiological data, see Chapter 6.) 

While there was a significant positive correlation between self-rating of 

pronunciation and task performance in Experiment 1, there were no correlations between 

proficiency self-ratings and performance in Experiment 2, nor was there a correlation 

between age of exposure and task score. Correlations were found between performance 

and AoA and between performance and proficiency (Experiment 1), but not between 

performance and AoE or time spent in the target country (Experiment 2). While 

differences in the factors considered by the two experiments make direct comparison of 

results impossible, it may be that a high level of performance in judging information 
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structure is possible due to early acquisition or a high level of proficiency, but not from 

classroom exposure or shorter stays in the target environment. (Recall that the average 

length of residence in Experiment 1, where a correlation was found, was 10 years, versus 

the 1-year average length of residence for high-proficiency speakers in Experiment 2.) 

Additional studies examining L2 learners with a wider range of lengths of residence 

would clarify the nature of this relationship. 

The evidence for a post-maturational age effect and late-AoA native-like 

performance runs counter to the predictions of a critical period for the acquisition of 

information structure. The results of this study provide a foundation upon which to 

conduct additional research on other possible differences between L1 and L2 speakers of 

French with regards to information structure. 

Of course, even in light of these results, many questions remain. For instance, 

Experiment 1 relied on a task that could potentially elicit a judgment based on the 

subject’s explicit, rather than implicit, knowledge of French. As mentioned above, the 

ease of the task, combined with transfer from the L1 or a language-general implicit 

knowledge of information structure from some broader cognitive faculty, are other 

possible confounding factors. So how else can we tease these factors apart and get a view 

of L2 learners’ ability to acquire French information structure? We can turn to 

electrophysiological data, which reflects the subject’s automated processing of language 

and is less prone to interference from explicit knowledge. A third experiment was 

conducted, this one using the ERP technique, and also using lexically improved versions 

of the stimuli from Experiment 1 so as to better accommodate the IS concerns of native 

speaker informants. As we’ll see in Chapter 6, results from this study may help clarify 

when L2 learners acquire this feature of French, and if L1 transfer has a major effect on 

its acquisition. For the moment, however, we will turn our attention to the theory and 

design of ERP research. 
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Chapter 4: Foundations of electrophysiological research 

Before we delve into the ERP data from Experiment 3, it is necessary to establish 

exactly what this data reflects. Chapter 4 begins by explaining the electrophysiological 

processes in the cortex that are reflected in ERP data. This chapter also examines in detail 

the work that has established a foundation for ERP-based research; in particular, I discuss 

the major ERP studies relevant to the N400 and P600 components that are central to this 

dissertation. 

 

4.1 THE ERP TECHNIQUE 

An event-related potential (ERP) is an electrophysiological brain response that is 

systematically evoked by certain processes of thought or perception. By 

electrophysiological brain response, we mean that it reflects the electrical activity 

(“potential”) in the brain. The changes in voltage corresponding to this activity are 

measured using electroencephalography (EEG). ERPs are “event-related” because the 

electrical potentials are time-indexed with the processing of a specific type of event. In 

the context of language, ERP has frequently been applied to the processing of semantic 

and syntactic anomalies. 

 

4.1.1 Sources of cortical electrical activity 

What is the origin of the changes in voltage registered in EEG? There are two 

sources of electrical activity in the brain associated with the firing of neurons: action 

potentials and postsynaptic potentials. ACTION POTENTIALS occur when a cell membrane 

becomes polarized past a certain level, forcing a rapid spike in voltage traveling from one 

end of the cell to another. Once the action potential has propagated to a synapse at the 

end of the axon, it causes neurotransmitters to be released, which bind to receptors 
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belonging to the cell on the other side of the synapse and can force a change in the 

potential of the second neuron, causing the entire process to repeat itself and propagate 

along the second neuron. The length of this cycle is only a few milliseconds. Due to the 

slightly asynchronous firing of neurons, however, the voltages of neighboring neurons 

usually cancel each other out, making their contribution to the measurable voltage of the 

brain negligible (Luck, 2005a). 

POSTSYNAPTIC POTENTIALS are unlike action potentials in that they do not travel 

along the length of the axon. Instead, these potentials are created when neurotransmitters 

release ions in the area around a synapse, and they do not lead to a repeating cycle of 

traveling potentials. The change in voltages between the end of the neuron where the 

synapse is located and the rest of the neuron is referred to as a postsynaptic current. In the 

type of neurons known as pyramidal cells (due to their triangular shape), a byproduct of 

this current is that one end of the neuron is more negatively charged than the other. In 

another type of neuron known as a stellate cell (due to its star-like shape), the several 

currents radiating from the center of the cell cancel each other out. You could describe 

these currents as a multi-directional tug-of-war — with all sides pulling equally hard in 

opposite directions, there is no net movement. (See Figure 4-1.) 
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Figure 4-1: Neurons and associated currents 

Pyramidal cell (left) and stellate cell (right), with their associated net voltages. 

 

The simultaneous activation of neighboring neurons results in a summation of 

potentials: the voltages of those that are close to each other either in space or time will 

add together. The millions of postsynaptic potentials occurring near each other can have a 

net result of a high enough voltage, and a long enough duration, to be detectable by 

electrodes on the scalp. (See Figure 4-2.) 
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Figure 4-2: Groups of neurons 

Groups of neighboring pyramidal (left) and stellate (right) cells. 

 

The signal recorded at the scalp by the EEG equipment reflects only a portion of 

the postsynaptic potentials that occur. The net results of the positive and negative 

voltages at each neuron are referred to as dipoles; these can be thought of as tiny vectors 

scattered throughout the cortex. Each vector has a positive or negative charge, as well as 

an orientation. The stellate neurons that create these vectors, as well as many of the 

pyramidal cells, are oriented in every direction, so the resulting dipoles are also pointing 

in many different directions. The sum of these randomly oriented dipoles should then be 

zero — their lack of a uniform orientation means they should cancel each other out. 

However, large numbers of pyramidal cells exhibit a systematic orientation perpendicular 

to the scalp (see Figure 4-3). Since all the dipoles associated with a group of pyramidal 

cells are facing in the same direction, their potentials should sum to a value that is not 

equal to zero. It is understood in current neurobiological research that the voltages 

measured by EEG primarily reflect the activity of pyramidal cells perpendicular to the 

scalp firing simultaneously. (See Luck, 2005a, p. 27-32, for more information.) 
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Figure 4-3: Dipoles near the scalp 

Dipoles created by pyramidal cells perpendicular to the scalp (left) and by 

stellate cells with random orientations (right). 

 

4.1.2 Conventions of ERP research 

In ERP, a set of data reflects voltage and time information for the neural activity 

underneath and nearby a set of electrodes situated on the scalp. Figure 4-4 shows the 

average of several data sweeps from a single electrode: Voltage is measured on the y-

axis, and time is represented on the x-axis. Note that the (perhaps counter-intuitive) 

convention in ERP research is to invert the y-axis, so that negative voltages are presented 

above the x-axis and positive voltages are presented below the x-axis. 
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Figure 4-4: A sample ERP sweep 

Adapted from Davidson (2005); positive voltage plotted below the x-axis 

 

Most applications of the ERP technique involve placing numerous electrodes atop 

the subject’s scalp; while some early studies used as few as three electrodes (e.g. Kutas & 

Hillyard, 1980) more recent studies frequently use between 10 electrodes (e.g. Balconi & 

Pozzoli, 2004) and 30 electrodes (e.g. Hald et al., 2007). Figure 4-5 shows an array of 

electrodes from the top and side of the head, labeled according to a convention known as 

the 10-20 system. Thus, a typical ERP study examines the voltage in the brain over time 

as recorded from a number of sites on the scalp. Figure 4-6 illustrates the typical manner 

of presenting ERP data. 
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Figure 4-5: The 10-20 system of electrode placement 

Image from http://faculty.washington.edu/chudler/1020.html. 

 



 83 

 

Figure 4-6: Sample averaged waveforms 

Illustration of averaged waveforms for control and condition stimuli from several 

electrode sites (from Stolterfoht, Friederici, Kai, & Steube, 2007) 

 

Unlike PET, MEG, MRI, and fMRI, ERP is not an imaging technique in the 

strictest sense. While these other techniques are notable for providing images of the brain 

with relatively high spatial resolution, ERP is limited in its spatial resolution, because 

only a small and widely dispersed number of electrodes are used to record the 

electrophysiological data. ERP is also limited in its depth resolution, since all 

measurements are taken at the scalp. ERP can only provide a coarse two-dimensional 

picture of brain activity, whereas a technique like fMRI can provide a finer-grained, fully 

three-dimensional image of brain activity. But what ERP lacks in spatial resolution, it 
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makes up for in temporal resolution. The figures above show voltage data measured in 

mere milliseconds after the presentation of a stimulus; fMRI, on the other hand, records 

brain responses to stimuli on the scale of several seconds after stimulus presentation. 

Accordingly, ERP is most useful for examining the timing of brain activity, the amplitude 

and strength of that activity, and to a lesser extent, the brain-regional source of that 

activity. 

 

4.1.3 ERP components 

ERP components can be defined as the “scalp-recorded changes in electrical 

activity that occur in response to a sensory, cognitive, or motor event” (Osterhout, 

McLaughlin, Kim, Greenwalk, & Inoue, 2004). Occurrences of these components are 

usually described in terms of their timing (or latency), location on the scalp, the positivity 

or negativity of their voltage, and the amplitude of the signal at its peak. Years of studies 

have resulted in a body of research on various ERP components that are now fairly well 

understood in these terms. For example, the N400 component (discussed in section 4.2) 

occurs between 300-500 ms after the onset of content words, usually exhibiting a peak of 

negativity around 400 ms on electrodes located in the centro-parietal region of the scalp. 

It can be helpful to think of an ERP component as a single, simple waveform. At 

any given moment, many such components are being generated simultaneously in the 

brain. When simple waveforms overlap, their voltages are added together, resulting in the 

complex waveforms measured at the scalp (e.g., those in Figure 4-6). The waveform in 

Figure 4-7(a) represents the sum of several underlying (or latent) components. The three 

components in Figure 4-7(b) are one mathematically possible set of underlying 

components that result in the waveform seen in 4-7(a), and those in 4-7(c) are another 

equally plausible set of underlying components. 
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Figure 4-7: Latent components 

An observed waveform (a), with two possible sets of latent components (b, c). 

Adapted from Luck (2005a, p. 53). 

 

Thus, when we refer to the major language-related components under 

investigation in this dissertation (e.g. the N400 component), it is necessary to keep in 

mind that these components co-occur with numerous other components, and that the 
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summation of these components warps the waveform we observe at the scalp. The 

observed waveform may therefore bear little resemblance to what our component of 

interest might look like in isolation. Possible overlapping components include the very 

early ( < 200 ms) activity reflecting the visual or auditory perception of stimuli, or the 

P3a and P3b components, which make up the P300 (or P3) component and are elicited by 

oddball paradigms . 

A related problem is that it is mathematically impossible to separate underlying 

components from each other with 100% certainty. As Figure 4-7 illustrates, there is an 

infinite number of possible components that, when averaged together, result in the 

observed waveform. Because of this, ERP studies usually report their results in terms of 

ERP effects. An ERP effect is present if, when the waveform for a control sentence (i.e. a 

baseline measurement) is subtracted from that of a condition sentence, there is a 

significant difference in the waveforms corresponding to one of the established 

components. Those conducting ERP research use statistical tests of significance 

(generally, analyses of variance, or ANOVAs) to quantitatively determine the likelihood 

that differences in polarity, amplitude and location between averaged waveforms for two 

conditions are due to the change in condition. Thus, studies do not look for the presence 

of a component in isolation, but rather, in comparison to the control state. For example, 

the processing of most content words elicits a small negativity around 400 ms post-

stimulus (i.e., an N400 component). The processing of a semantically incongruous 

content word elicits a larger negativity relative to that seen for a control word of the same 

lexical class. Thus, the incongruous word elicits an N400 effect (see section 4.2 for 

further discussion). 

 

4.1.4 Principles of ERP design 

Since the observed voltages are actually the sums of numerous underlying ERP 

components, it can be difficult to accurately interpret ERP data. Luck (2005b) has 
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formulated what he calls “ten simple rules” for designing ERP experiments and 

interpreting their results in a meaningful way (Figure 4-8). 

 
 

1. Peaks and components are not the same thing. There is nothing 
special about the point at which the voltage reaches a local 
maximum or minimum. 

2. It is impossible to estimate the time course or peak latency of a 
latent ERP component by looking at a single ERP waveform — 
there may be no obvious relationship between the shape of a 
local part of the waveform and the underlying latent components. 

3. It is extremely dangerous to compare an experimental effect (i.e., 
the difference between two ERP waveforms) with the raw ERP 
waveforms. 

4. Differences in peak amplitude do not necessarily correspond to 
differences in component size, and differences in peak latency do 
not necessarily correspond to changes in component timing. 

5. Never assume that an averaged ERP waveform accurately 
represents the single-trial waveforms. 

6. Whenever possible, avoid physical stimulus confounds by using 
the same physical stimuli across different psychological 
conditions. This includes “context” confounds, such as 
differences in sequential order. 

7. When physical stimulus confounds cannot be avoided, conduct 
control experiments to assess their plausibility. Never assume 
that a small physical stimulus difference cannot explain an ERP 
effect (even at a long latency). 

8. Be cautious when comparing averaged ERPs that are based on 
different numbers of trials. 

9. Be cautious when the presence or timing of motor responses 
differs between conditions.  

10. Whenever possible, experimental conditions should be varied 
within trial blocks rather than between trial blocks. 

 

 

Figure 4-8: “Ten simple rules for designing ERP experiments” 

Luck (2005b) 
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I have reproduced these rules because they emphasize the subtlety of ERP data: 

To obtain clean and meaningful data, a typical ERP experiment presents 50-100 stimuli 

for each condition per subject with at least a dozen subjects per group, yet even the grand 

averages of all these trials is representative only of the sum of several underlying 

components.  

 

4.2 THE MAJOR ERP COMPONENTS 

ERP components associated with various stages of perception and processing 

have been discovered. This study will primarily focus on three components: the N400, 

the P600, and the left anterior negativity (LAN). These components are believed to be 

associated with semantic (N400) and syntactic (P600, LAN) processing, and are thus the 

most relevant to a study of information structure processing, which, as we saw in Chapter 

2, draws on both semantic and syntactic information. 

 

4.2.1 The N400 component 

An N400 effect, thought to correspond to an underlying N400 component, is 

index with the processing of semantically inappropriate content words. In the ground-

breaking study of the N400 by Kutas and Hillyard (1980), EEG data was recorded while 

subjects read 160 sentences, presented one word at a time. The study consisted of three 

experiments; in the first two, 25 percent of the sentences ended with a word that was 

semantically anomalous but syntactically appropriate. In Experiment 1, the anomalous 

final words were moderately inappropriate (e.g. “He took a sip from the waterfall”), 

whereas in Experiment 2 they were highly inappropriate (e.g. “He took a sip from the 

transmitter”). In Experiment 3, all sentences ended with semantically appropriate words, 

but 25 percent of the final words were presented in a larger font size than the preceding 

words. 
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The stimuli with the incongruous font size from Experiment 3 elicited a late 

positive wave (labeled a P560); this was interpreted as an index of the physically 

incongruous characteristics of the stimuli. The incongruous, semantically inappropriate 

stimuli, on the other hand, elicited a negative component beginning at about 250 ms after 

the onset of the stimulus and peaking at 400 ms (the authors named this the N400 

component). Comparison between the results of Experiments 1 and 2 showed that the 

N400 component was “substantially larger” in amplitude for the highly inappropriate 

anomalous stimuli as compared to the moderately inappropriate anomalous stimuli. The 

fact that different waveforms were seen for the physically incongruous stimuli of 

Experiment 3 and the linguistically incongruous stimuli of Experiments 1 and 2 indicated 

that the processing corresponding to the N400 component was linguistic in nature. 

A large body of research soon followed, confirming that the N400 was not only 

linguistically motivated, but was specifically relatable to semantically inappropriate 

stimuli. In a review of previous N400-related studies, Osterhout, McLaughlin, and 

Bersick (1997) grouped the phenomena indexed with N400 effects into the three 

overarching categories shown in Table 4-1:  

 

 
Semantically or pragmatically inappropriate words: 

‘I take my coffee with cream and dog.’ 
False statements of category relationships: 

‘A hammer is a bird.’ 
Information that is inconsistent with prior knowledge: 

‘John is not a lawyer’ (when context has established that he is in fact a lawyer) 

Table 4-1: Categories of phenomena that elicit an N400 effect 

Adapted from Osterhout et al. (1997) 

 

In subsequent studies, the N400 effect has been observed across languages and 

modalities, and for variations of semantic errors. One recent example is a study by 
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Balconi and Pozzoli (2004), in which an N400 effect was observed for semantically 

anomalous final words in both visual and aural modalities for L1 speakers of Italian; this 

replication of previous methodologies added Italian to the list of languages (including 

English, Dutch, German and French) in which an N400 can be elicited reliably. 

Recent studies by Van Berkum and colleagues have looked for differences in the 

processing of semantic anomalies at the sentence level and discourse level. In an ERP 

study of Dutch native speakers, Van Berkum, Hagoort, and Brown (1999) used several 

sentences of discourse to establish a context, then presented a stimulus sentence that was 

locally and internally acceptable but was unusual in the context of the discourse (e.g. 

“John has been a vegan for years. He won’t even drink milk! Last night, John ate a huge 

steak for dinner.”). The amplitude of the N400 component increased in the discourse-

anomalous sentences as compared to control sentences; this suggests that discourse-level 

anomalies are comparable to semantic anomalies in that they evoke an N400 effect. Not 

only was an N400 effect seen, the effect began very soon (200 ms) after the onset of the 

target word (here, ‘steak’), regardless of where the target word appeared in the sentence.8 

Furthermore, this study and related studies showed no differences between the timing, 

location and shape of the N400 for semantic errors at the sentence level and for errors at 

the discourse level (Van Berkum et al., 1999; Van Berkum, Zwitserlood, Hagoort, & 

Brown, 2003; Van Berkum, 2007). Another study showed the same early (200 ms) N400 

effects when there was an incongruity between the voice of the speaker and the content of 

the utterance, e.g., hearing a man say “I think I am pregnant,” would elicit an N400 effect 

deviating from the control sentences as early as 200 ms post-stimulus-onset (Van 

Berkum, Van den Brink, Tesink, Kos, & Hagoort, in press). Van Berkum and colleagues 

interpreted the early onset of these discourse-dependent N400 effects as evidence that 

                                                
8 While ERP components are often labeled according to their latency — the N400 has a latency of 400 ms, 
the P600 has a latency of 600 ms, etc. — these latency times vary slightly from study to study. It is not 
unusual for an ERP component triggered by semantic anomalies to be classified as an N400 even if it peaks 
slightly earlier than 400 ms post-stimulus. 
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lexical semantics, discourse knowledge, and world knowledge are all integrated on-line at 

a very early stage in comprehension. This is relevant to the study of information structure 

processing because IS also draws on discourse- or global-level knowledge; we should 

then expect IS to be integrated simultaneously with these other sources of semantic 

information early in the comprehension process. 

Simultaneously imposing anomalous conditions on the various sources of 

semantic information (discourse-level, global-level, etc.) leads to interaction effects. 

Hald, Steenbeek-Planting, and Hagoort (2007) presented Dutch subjects with passages 

that either matched expectations about general world knowledge (e.g. The city of Venice 

is surrounded by water. Many tourists like to go here and they love to take a gondola tour 

of the city. They are often impressed with the beauty of the city.), or differed from world 

knowledge expectations but created a context establishing that new or different 

information was being given (e.g. The large and increasing amount of cyclists in the 

inner city of Venice had to be regulated. The city council decided 10 years ago to replace 

traffic lights with other road layouts that ease traffic flow). The passages were followed 

by target sentences that were either correct based on general world knowledge (e.g. 

Venice has many canals), or were incorrect according to general world knowledge but 

were made acceptable due to the new (but nonetheless counterfactual) information from 

the preceding passage (e.g. Venice has many roundabouts). All anomalous conditions 

elicited an N400 effect. Furthermore, the passages that forced a new interpretation on 

otherwise incorrect world knowledge conditioned the amplitude of the N400, such that 

the amplitude was less than for sentences containing discourse- and world-level errors. 

The results suggest that discourse and world knowledge modulate each other in such a 

way that felicitous information from one does not fully override incongruous information 

from the other. 
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4.2.2 The LAN and P600 components 

While the N400 component is primarily associated with semantic errors, there are 

two components indexed with syntactic errors: the left anterior negativity (LAN) and the 

P600. When it is present, the LAN precedes the P600 (Osterhout & Mobley, 1995); this 

sequence of a phase of negativity followed by a phase of positivity is often characterized 

as biphasic. However, the two components do not always co-occur, and slightly different 

types of syntactic anomalies elicit the two components. The LAN has been identified as 

an index of syntactic processes, particularly for violations of local phrase structure, verb 

argument structure, and subject-verb agreement (Friederici, 2004). Early LANs, 

occurring 100-200 ms post-stimulus, are elicited by word-category errors (e.g. the lack of 

a noun after in the in *The boy in the sings a song). The occurrence of the LAN appears 

to be conditioned by the time at which the expected word category of the target word 

becomes known to the parser (Friederici, 2000; Friederici, 2004). When a subject is 

presented with a morphosyntactic error, the LAN occurs in a later time window, at 

around 300 to 500 ms post-stimulus (Friederici, 2000). The LAN sometimes co-occurs 

with the P600 (see below); this pairing of components is often referred to as the early 

negativity/late positivity pattern, or biphasic pattern. 

Note that the timing of an LAN for a morphosyntactic error is similar to that of an 

N400 for a semantic error. How then does one distinguish between the two components? 

It turns out that the N400 is located in the posterior areas of the brain and is slightly 

stronger in the right hemisphere9, while the LAN, on the other hand, is localized in the 

left anterior region (Friederici, 2000). The usefulness of these topographic patterns is 

called into question, however, by the fact that variations in the distribution of the LAN 

have been observed in several languages, including Catalan, Italian and German (Hahne, 

                                                
9 The N400 is stronger at right-hemisphere electrodes, which might seem unusual given that language 
functions take place in the left hemisphere of right-handed subjects. Despite its stronger right-hemisphere 
amplitude, the N400 is believed to originate in the left temporal lobe; the difference between its supposed 
origin and observed location is thought to be a result of the angle of the generator dipole (Luck, 2005a, p. 
45-46). 
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Mueller, & Clahsen, 2006). These variations have included bilateral and right-hemisphere 

negativities. In distinguishing between the LAN and N400 components, it is therefore 

crucial to refer to both localization information and the type of anomaly that elicited the 

potential. 

Better known is the P600 component. (This component is also occasionally 

referred to as the ‘syntactic positive shift’, or SPS.) Osterhout and Holcomb (1992) first 

found evidence of this component, which consists of a positivity indexed with the 

processing of syntactic errors. The activity is located in the centro-parietal region and 

occurs at 500-800 ms post-stimulus. The P600 is believed to be an index of syntactic re-

analysis or repair, as suggested by its presence during the analysis of garden-path 

sentences (Friederici, 2000; Hahne & Friederici, 2001). As with the N400, the P600 has 

also been found to occur across languages and modalities; for example, Balconi and 

Pozzoli (2004) found evidence of a P600 component indexed with syntactic anomalies in 

Italian, both for visual and aural modalities. Hahne and Friederici (2001) conducted a 

study using auditory stimuli in German, and found that native speakers showed a biphasic 

LAN/P600 pattern when presented with syntactic violations (as compared to control 

sentences). 

Osterhout et al. (1997) divided the syntactic anomalies that elicit P600 effects into 

several categories (Table 4-2). These categories are organized by anomalies relating to 

constituent structure (extraneous or missing words), inflectional morphology, and 

antecedent agreement. 
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Phrase structure anomalies: 

‘The scientist criticized Max’s of proof the theorem.’ 

Verb subcategorization anomalies: 

‘The broker persuaded to sell the stock.’ 

Sentence-constituent movement anomalies: 

‘I wonder which dress the guests at the party were shocked when the bride wore.’ 

Verb tense anomalies: 

‘The cats won’t eating the food that Mary leaves them.’ 

Subject-verb number disagreement: 

‘The elected officials hopes to succeed.’ 

Reflexive-antecedent number disagreement: 

‘The hungry guests helped himself to the meal.’ 

Reflexive-antecedent gender disagreement: 

‘The successful woman congratulated himself on the promotion.’ 

 

Table 4-2: Categories of phenomena that elicit a P600 effect 

Adapted from Osterhout et al. (1997) 

 

Note that all the examples in Table 4-2 contain morphosyntactic anomalies, but 

do not contain semantic anomalies. Target words10 that are anomalous in both their 

semantics and syntax evoke both an N400 and P600 component: Osterhout and Nicol 

(1999) presented subjects with sentences that were doubly anomalous (e.g. ‘The cats 
                                                
10 The term ‘target word’ is sometimes used in the ERP literature to refer to the word indexed with a given 
ERP component. Unlike the use of the term in psycholinguistic contexts, it is not necessarily a word that a 
subject is actively seeking to identify as part of a task; rather, it is simply the critical word that evokes the 
component under investigation. 
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won’t baking the food.’). Compared to control sentences, there was an increase in 

amplitude for both the negativity at 400 ms and the positivity at 600 ms. 

 

4.2.3 Other relevant N400/P600 studies 

The studies discussed above should paint a picture of a fairly clear-cut dichotomy 

between semantic processing (associated with the N400) and syntactic processing 

(associated with the P600 and LAN). Two recent studies, however, appear to have 

provided counter-evidence for this otherwise firmly established “N400-semantics, P600-

syntax” relationship. Kolk, Chwilla, van Herten, and Oor (2003) presented semantically 

anomalous Dutch sentences in which the semantically anomalous referent was the agent 

(e.g., The fox that hunted the poachers …). Such a semantic anomaly is expected to evoke 

a N400 effect; however, a P600 effect was seen instead. Along the same lines, 

Kuperberg, Sitnikova, Caplan, and Holcomb (2003) presented sentences containing 

semantically anomalous verbs (e.g. ‘For breakfast, the eggs would only eat …’) and 

rather than the expected N400 effect, a P600 was observed. To account for these 

unexpected results, Kim and Osterhout (2005) proposed that subjects processing the 

above sentences might have relied so heavily on semantic information relating to the 

frame of the subject and verb that they interpreted the sentences as syntactically 

anomalous. For example, the semantic information linked with the frame ‘breakfast’ 

strongly associates eggs with the role Theme (rather than Agent) since eggs do not 

consume but are consumed. A speaker could therefore conceivably expect the intended, 

non-anomalous sentence to be ‘the eggs would only be eaten.’ In this case, what was 

intended by the experimenters to be a semantic anomaly would in fact be processed as a 

syntactic anomaly, thus evoking a P600. Results from two ERP experiments (Kim & 

Osterhout, 2005) in which the experimenters manipulated semantic frame and 

active/passive constructions as variables supported their claim: when the frame created an 

expectation that the grammatical subject would be Theme, but the sentence unexpectedly 
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contained an active construction (e.g. ‘the hearty meal was devouring’), the anomaly 

evoked a P600 but no N400. In the absence of a frame suggesting the subject would be 

Theme (e.g. ‘the dusty tabletops were devouring’), the anomaly evoked an N400 but no 

P600. 

Osterhout, Allen, McLaughlin, and Inoue (2002) revealed that the results of ERP 

studies can be generalized to more complex levels of discourse. Most previous studies 

had presented sentences in isolation, altering only the target word to invoke a semantic 

anomaly (indexed with an N400 component) or a syntactic anomaly (usually indexed 

with a P600 component). In this study, subjects read an entire passage for 

comprehension. Interspersed among the sentences of the passage were sentences with 

semantically and syntactically anomalous target words. The N400 and P600 effects were 

once again present, suggesting that the conclusions drawn from ERP studies are 

extendable to more deeply contextualized anomalies. One major shortcoming of the 

experiment, however, is that the stimuli were visually presented one word at a time, with 

each word on-screen for 700 ms. It is clear that such a method of presentation is not an 

ecologically valid setting for such long discourse. However, these results do indicate that, 

given a setting where contextual information is carried in working memory from sentence 

to sentence across a span of discourse, the N400 and P600 effects hold. This finding is 

important to the present study both because it supports generalizing the results of ERP 

experiments in general, and because information structural phenomena by nature rely on 

context across the sentences of a discourse. 

Brief mention should also be given to the P300 component, first identified by 

Sutton, Braren, Zubin, and John (1965). This component is observed when subjects are 

presented with oddball stimuli, both linguistic and non-linguistic. Oddball stimuli are 

those that stand out from a predominant pattern due to a different in form and/or 

frequency. The component is believed to consist of two smaller components labeled the 

P3a and P3b components; the sum effect of these components is an increase in positivity 
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around 300 ms post-stimulus, with the signal strongest in the parietal lobe but 

occasionally observed in the frontal and temporal regions. The P300 and its sub-

components are not specific to language, but under certain experimental conditions they 

could occur in response to linguistic stimuli. Additionally, Coulson, King, and Kutas 

(1998a; 1998b) have suggested that the P600 and P300 are related (see section 5.2.1). 

One should therefore be aware of the P300 when discussing ERP research. 

Clahsen and Felser (2006a), Osterhout et al. (1997) and Friederici (2000; 2004) 

provide additional detailed overviews of the N400, P600 and LAN ERP components and 

references to other replication studies. 

 

4.3 CONCLUSION 

In this chapter, I presented the theoretical underpinnings of the ERP technique. I 

also detailed several seminal studies investigating the N400, LAN and P600 components. 

In the next chapter, I present evidence from ERP studies on information structure 

processing and L2 processing. A consideration of the results from these studies allows us 

to determine what ERP effects we should expect to see for the processing of information 

structure anomalies among native speakers and L2 learners. 
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Chapter 5: L1 and L2 processing of information structure: 
electrophysiological evidence 

 

All of the ERP studies discussed so far have related to processing by native 

speakers only. While native speakers generally exhibit a clear distinction in the 

processing of syntax and semantics (as reflected by the N400/P600 dichotomy11), the 

story is much more complicated for L2 speakers. In broad strokes, we can say that adult 

L2 speakers exhibit an N400 effect in their L2 in the same contexts that they do in the L1, 

but do not consistently exhibit the biphasic LAN/P600 pattern in the same way as L1 

speakers; L2 subjects sometimes show an N400 where one would expect a P600 in L1 

speakers, or show a P600 of reduced amplitude and/or lacking a consistent LAN 

component (Clahsen & Felser, 2006a; Friederici, Steinhauer, & Pfeifer, 2002).12 

However, recent work suggests that these differences diminish as proficiency increases in 

the L2. Moreover, most previous studies have used semantic errors or syntactic 

phenomena to elicit EEG responses, but a few studies have looked at information 

structure. This chapter discusses recent studies looking at L1/L2 differences and the 

electrophysiological signatures of information structure processing, and predicts what 

kinds of ERP components we can expect to see in the processing of French information 

structure in both the L1 and L2 given these previous results. 

 

5.1 ERP STUDIES OF MORPHOSYNTAX AND SEMANTICS IN NATIVE AND L2 SPEAKERS 

Evidence from many studies has shown markedly different ERP signatures for L2 

speakers compared to their native-speaker counterparts. Note that some of the studies 
                                                
11 It is important to think of this dichotomy as more of a general trend than an absolute rule; possible 
exceptions to the rule include the observed P600 for a semantic anomaly from Kolk et al. (2003), and the 
N400 for incorrect regular verb morphology observed by Clahsen and Felser (2006a).  
12 For the processing of correct sentences, L2 subjects have even been found to exhibit N400s and P600s of 
higher amplitude than those observed in L1 subjects (Hahne, 2001). 
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discussed in this section examined end-state L2 learners immersed in the target 

environment (hence, their findings are also relevant to discussions of the critical period 

hypothesis), while other studies focused on classroom learners. Unless stated otherwise, 

the studies below examined L2 learners of English. 

A study by Weber-Fox and Neville (1996) is particularly illustrative of such 

studies conducted after Osterhout and Holcomb’s (1992) initial research on the P600 

component. Native speakers of Chinese who acquired English as an L2 were presented 

with semantic and syntactic errors. The subjects were divided into five groups based on 

AoA (1-3, 4-6, 7-10, 11-13, and > 16 years). All subjects were considered to have 

reached the end-state of L2 acquisition (minimum length of time in the target 

environment was 5 years). When presented with semantic errors (e.g. ‘The scientist 

criticized Max’s event of the theorem’), all L2 groups exhibited an N400 effect. Most of 

the L2 groups exhibited ERP signatures that were comparable to those of the 

monolinguals. However, the > 16 group had a longer latency window (300-600 ms) and a 

reduced amplitude compared to the monolinguals and earlier-AoA L2 groups. The L2 

subjects diverged from the monolinguals to an even greater extent for syntactic violations 

(e.g. ‘The scientist criticized Max’s of proof the theorem’): While the two earliest AoA 

groups displayed an LAN that was very similar to the one seen in monolinguals, the > 16 

group showed bilateral activity for the early negativity, as opposed to monolinguals’ 

lateralized, left hemisphere response.13 Additionally, the 11-13 and > 16 groups did not 

show statistically significant signs of a P600 component, and for the > 16 group, the 

positivity that was seen in the corresponding time window was asymmetrically localized 

in the left hemisphere (unlike the bilateral P600 seen in monolinguals). The > 16 group 

also scored worse than the earlier arrivals on standardized tests meant to assess their L2 

proficiency. 

                                                
13 Similarly, Hahne and Friederici (2001) observed a lack of a reliable early negativity in L2 speakers of 
German; this too has been taken as evidence for fundamental differences in syntactic processing between 
native and L2 speakers. 
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Weber-Fox and Neville (1996) interpreted the lack of nativelike processing 

signatures in late arrivals as strong evidence in support of the Critical Period Hypothesis 

for second language acquisition, saying that “language proficiency and cerebral 

organization for language processing are altered by delays in exposure to language, and 

are consistent with the hypothesis that postnatal maturational processes may underlie 

critical period phenomena associated with aspects of cognitive development, in this case 

language learning.”  

While the differences in amplitude and latency between the late-AoA L2 speakers 

and monolinguals were both qualitatively and quantitatively significant, there is a 

problem inherent to the design of the experiment: AoA and L2 proficiency are 

confounded. Late-AoA subjects were also lower-proficiency subjects. While this may 

reflect what is frequently the reality for members of the larger population, it does not 

allow us to determine whether the members of the > 16 group showed reduced-amplitude 

ERP effects due to their later age of arrival, or due to their lower proficiency. More recent 

studies (detailed below) have attempted to separate these two variables in order to 

determine which one is the source of the non-nativelike ERP effects. 

Evidence from a study by McLaughlin, Osterhout, and Kim (2004) conflicts with 

traditional notions about the rate at which L2 learners acquire implicit knowledge. In this 

study, English native speakers who were beginning classroom French instruction were 

shown lists of word pairs; in each pair, there was a priming word and a target word. Word 

pairs consisted of semantically related words, semantically unrelated words, or a priming 

word and a target pseudoword. For each pair, subjects were asked to judge whether the 

stimuli were real words or pseudowords. During the behavioral data elicitation, ERP data 

was collected from the subjects. These data collection sessions took place at three points 

during the first-year French course: early in the sequence (after an average of 14 hours of 

classroom instruction), midway through the sequence (an average of 63 hours), and late 

in the sequence (an average of 138 hours). Unsurprisingly, a control group of English 
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native speakers who were unfamiliar with French exhibited no N400 effect for the 

pseudowords. However, an N400 effect was seen in the experimental group, and this 

effect surfaced after as few as 14 hours of training. While the participants scored near 

chance on an explicit test of their ability to judge real words versus pseudowords, the 

ERP data suggests an implicit awareness of which words were anomalous even at an 

early point in learning French. The N400 effect increased in amplitude in the later testing 

sessions. These results show that adult learners acquire some form of implicit knowledge 

of the L2 far faster than previously thought, and much earlier than the acquisition of 

corresponding explicit knowledge. 

Results from a related study (Osterhout, McLaughlin, Pitkänen, Frenck-Mestre, & 

Molinaro, 2006) proved even more surprising. When adult learners of French in a 

classroom setting were presented with syntactically anomalous words after one month of 

training, the anomalies elicited an N400 effect. But after only four months of classroom 

instruction, the same type of anomaly in the same subjects elicited a P600 effect. These 

results were unexpected because adult L2 learners were previously thought to exhibit 

P600 effects only for domains of language in which they are highly proficient. These 

findings may force a re-evaluation of the rate at which L2 learners can exhibit nativelike 

processing. 

Kotz, Holcomb, and Osterhout (2007) looked at the ERP components indexed 

with the processing of syntactic anomalies among native English speakers and early 

Spanish-English bilinguals. The bilinguals acquired English around 5 years of age, thus, 

they represent a somewhat different population from the later learners in the other 

experiments detailed in this section. There was evidence of a P600 in both the L1 and L2 

groups for the processing of syntactic anomalies. The early AoA of the L2 subjects 

makes this finding less surprising than the results observed by Osterhout et al. (2006), but 

it warrants inclusion here as an illustration of how early L2 learners can exhibit nativelike 

ERP signatures. 



 102 

Tokowicz and MacWhinney (2005) conducted a similar study on L2 learners 

receiving classroom instruction in Spanish, although (unlike the Osterhout et al. studies) 

this study was not longitudinal in nature. Students in the first four semesters of 

undergraduate Spanish courses made grammaticality judgments for English and Spanish 

sentences while EEG data was recorded from their scalps. For Spanish stimuli, the 

subjects displayed various degrees of proficiency in the behavioral task, some of them 

scoring at chance levels. However, even in cases where the subjects did not make 

accurate grammaticality judgments, they showed the presence of a P600 effect. The 

presence of this component was modulated by the degree of similarity between the target 

construction in the L1 and in the L2: There was a P600 effect for ungrammatical 

sentences that are formed similarly in both the L1 and L2, as well as for constructions 

that are unique to the L2. However, for cases where superficially similar constructions 

exist in both languages but function differently, no effect was observed. The authors also 

found that L2 proficiency was not a predictor of ERP results, which conflicts with results 

from Osterhout et al. (2006) and Chow, White, Genesee, and Steinhauer (2007; see 

below); however, the finding that late L2 learners can exhibit a P600 was consistent with 

these and other studies. 

Taking into account the results of Osterhout et al. (2006) and Tokowicz and 

MacWhinney (2005), which suggest that L2 learners can in fact exhibit nativelike 

electrophysiological responses to syntactic errors, Chow et al. (2007) conducted a similar 

study with Chinese learners of English as an L2. The investigators noted that, unlike the 

French-English and Spanish-English pairings of the aforementioned studies, there are 

vast local morphosyntactic differences between English and Chinese, and in particular, 

Chinese natives acquiring English generally experience a great deal of difficulty 

acquiring the subject-verb agreement patterns of English. 

All L2 subjects had begun learning the language in a classroom environment 

between 10-13 years, and all were ranked as high-proficiency speakers on a standardized 
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test. Subjects were presented with control sentences and sentences containing subject-

verb agreement errors or semantic incongruities. An on-line grammaticality judgment 

task yielded an accuracy rate of 88% for the L2 learners, indicating that they were able to 

detect the morphosyntactic violations when asked to make an explicit judgment. An 

analysis of the L2 subjects’ electrophysiological data revealed the presence of an N400 in 

the semantic incongruity condition, but no LAN or bilateral P600 for the syntactic 

violation condition. In fact, a negativity was observed in 500-700ms time window, which 

had not been seen in previous studies. The native subjects, on the other hand, did exhibit 

the expected N400 and LAN/P600 biphasic pattern for the two respective conditions. 

The investigators attributed these results to the typological differences between 

Chinese and English. It was natural, they argued, for the L2 learners in the Osterhout et 

al. (2006) and Tokowicz and MacWhinney (2005) studies to exhibit nativelike processing 

signatures for morphosyntactic features found in their native language, whereas the 

Chinese learners of English as an L2 had no such equivalent morphosyntactic feature to 

fall back on. Also of note is the finding that L2 learners can produce behavioral evidence 

of feature acquisition without showing electrophysiological evidence of nativelike 

processing for that feature; in a way, this is the inverse of the finding that learners can 

exhibit evidence of L2 acquisition in their processing without showing behavioral 

evidence (McLaughlin et al., 2004). Interestingly, in all three of these studies the L2 

learners were not in an immersion environment, but had instead been exposed to the 

target language in a classroom setting. Immersion or length of residence in the target 

environment is thus a factor that was not considered in these studies, but comparison of 

these results with those of learners in immersion would be a potential area of future 

research. 

Stowe and Sabourin’s (2005) review of ERP studies of bilinguals provides 

evidence that the surface structure of a bilingual’s L1 influences both explicit 

performance and implicit processing in their L2. In a study that compared native speakers 
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of Dutch to groups of Dutch-speaking bilinguals whose L1 was German, Romance or 

English, subjects were presented with stimuli containing mismatched Dutch verbal 

features (Sabourin, 2003). The subjects in the L2 groups were late arrivals (AoA > 12), 

all of medium proficiency, with a minimum residency of 3 years. In an on-line behavioral 

task, the three L2 groups performed comparably to one another, but significantly different 

from the L1 group. The ERP data for L1 subjects showed both an N400 and P600 

component for mismatch stimuli. German L1s also displayed an N400 and a P600; this 

was seen as unsurprising inasmuch as German and Dutch are closely related typologically 

in this respect, and have cognate verbal features. The Romance and English L1s showed 

no N400 component, and the P600 they exhibited was delayed and of a smaller amplitude 

than in the L1 subjects. Since Romance and English native speakers lack a cognate verbal 

feature in their L1, there is no opportunity for transfer from the L1, hence the 

experimenters interpreted this as evidence that processing differences come from 

differences in the L1 structure. 

In a second experiment, the same subjects from Sabourin (2003) were presented 

with grammatical gender errors. The Dutch natives showed a P600 for ungrammatical 

nouns. German L1s also showed a P600, but of lower amplitude. The Romance and 

English natives (who performed near chance on a behavioral test presumably because 

their respective L1s lack a cognate system of grammatical gender) had ERP responses 

that were drastically different from the Dutch and German subjects. The Romance L1 

subjects did show an ERP response, but not one of an appropriate timing and amplitude 

to be considered a P600. The English L1s did not appear to exhibit any noticeable ERP 

response. Since subjects across the three bilingual groups were controlled for proficiency, 

the experimenters interpreted the difficulty in processing for English L1s as due to the 

lack of grammatical gender in their L1 (and therefore, an inability to transfer it to the L2). 

Again, the surface structure of the L1 was seen to influence the ease of processing in the 
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L2; it would therefore be prudent for subsequent ERP studies, including the present one, 

to consider the surface structure of the L1 when examining bilinguals’ ERP responses. 

Hahne, Mueller, and Clahsen (2006) also observed distinct signatures of 

morphological processing in L2 speakers that they attributed to differences inherent to the 

particular morphosyntactic features tested. Russian L1s learning German as an L2 were 

presented with sentences containing overapplications of regular and irregular morphology 

for German past participle and noun plural formation. Based on Ullman’s (2001) 

Declarative-Procedural model of language processing, the investigators expected 

irregular morphology to be processed by the declarative system, leading to N400 effects 

for violations of irregular morphology (which were observed for participles and noun 

plurals in the L2 subjects). Conversely, violations of regular morphology were 

hypothesized to be processed by the procedural system. The ERP data for violations of 

regular morphology for past participles did in fact show evidence of a early negativity 

followed by a late positivity (i.e. a biphasic signature). While the lateralization of the 

early negativity was not fully identical to that seen in L1 speakers, the authors interpreted 

it as an LAN. However, there was no evidence of an LAN in L2 subjects for regular 

violations of noun plural formation (a P600 was still seen). The authors suggested that it 

is easier for L2 German speakers to treat participle formation as a procedural rule than it 

is for them to do the same for plural formation because German plural formation is more 

idiosyncratic and less predictable than participle formation.14 Similar to the results of 

Stowe and Sabourin (2005), we again see evidence of morphosyntactic features varying 

in the degree to which L2 speakers can process them in a nativelike way. 

Due to the occasional difficulty in obtaining L2 subjects of the desired 

proficiency, or the resources required to conduct a longitudinal study of L2 learners, 

                                                
14 The default German plural formation rule (affixation of –en) occurs with a lower frequency than 
comparable rules in other languages, since the German rule competes with several irregular types of plural 
formation (e.g. the affixation of –s, a rule that occurs with high enough frequency that it is sometimes 
considered to be the default rather than –en). 
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artificial languages have occasionally been used as stand-ins for a natural language L2. 

Several studies have looked at the ERP components seen during the processing of small 

artificial languages. Friederici, Steinhauer, and Pfeifer (2002) trained German L1s to 

native-like proficiency in the artificial language BROCANTO. The subject group that 

was trained to native-like proficiency exhibited ERP patterns similar to those seen in 

native speakers of a natural language, including the biphasic pattern for syntactic 

violations; this suggests that adults can be trained to native-like proficiency in an L2.15 

More recently, Mueller (2006) trained adult native German speakers in a mini-

language consisting of a subset of Japanese (“Mini-Nihongo”). The non-native subjects 

were trained to proficiency in Mini-Nihongo, as demonstrated by nativelike performance 

on a grammaticality judgment task. ERP data was obtained while the subjects were 

presented with auditory stimuli, which included instances of case and word category 

violations as well as word order violations. Word category classifiers (such as the 

morpheme wa ‘bird class’, hiki ‘small animal’, etc.) were tested in part because German 

lacks this feature, thus there should be no possibility of transfer from L1. Even when the 

non-native subjects were trained to nativelike proficiency on the behavioral task, they 

still did not exhibit ERPs identical to those seen in studies of native speakers of natural 

languages. Mueller portrays this as evidence supporting a strong version of the Critical 

Period Hypothesis for second language acquisition — if adult learners trained to 

nativelike proficiency on a small subset of a natural language do not show nativelike 

processing, how then could L2 learners exhibit nativelike processing for a full natural 

language encountered in everyday life? However, as Lamers (2006) has pointed out, it is 

not entirely appropriate to compare the German-native Mini-Nihongo learners with 

Japanese native speakers, as the two groups cannot truly be of equal proficiency when the 

Japanese natives have the entirety of their lives as speakers of the full Japanese language 

                                                
15 These results are relevant to our earlier discussion of the Critical Period Hypothesis, which predicts the 
absence of nativelike processing for late L2 learners; however, the fact that this was observed for the 
acquisition of an artificial language limits the applicability of this finding. 
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to draw upon. The age of acquisition and exposure variables are then in effect equal to 

competence variables, making direct comparison impossible. The contradictory results 

from these mini-language studies should be taken as inconclusive. Regardless of their 

conclusions, it would be hazardous to extend their results too far into the realm of natural 

language acquisition due to the exceptional circumstances of mini-language learning. 

Faced with the often-inconsistent results of previous ERP studies, Steinhauer, E. 

White, King, Cornell, Genesee and L. White (2006) set out to tease apart the variables 

that had previously led to inconsistent ERP effects. Prior studies had, in broad strokes, 

painted a picture in which syntax violations elicit a late anterior negativity (LAN) and 

P600 in native speakers and very early L2s, while adult L2 learners usually have no LAN 

and their P600s are late and of reduced amplitude. The authors used an experimental 

paradigm that they hoped would sort out the influence of L1 background, AoA, and L2 

proficiency as factors affecting the ERP data. Subjects were presented with 80 sentences 

containing phrase structure violations, along with 80 control sentences and 160 filler 

sentences. The violations followed the following model: 

 

 

The man hoped to enjoy the meal with friends. 

*The man hoped to meal the enjoy with friends. 

The man made the meal to enjoy with friends. 

*The man made the enjoy to meal with friends. 

 

Table 5-1: Stimuli used by Steinhauer et al. (2006) 

The stimuli were presented to three groups of subjects: English L1 controls 

(n=13), French L1s learning English as an L2 (n=15, AoA > 15), and Chinese L1s 

learning English as an L2 (n=18, AoA > 12). Each of the L2 subject groups was 
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subdivided into two proficiency groups based on grammaticality judgment task results 

(presented in conjunction with the ERP stimuli), along with a cloze test, self-evaluation 

of proficiency, and other criteria. The native speaker control subjects were divided into 

two subgroups based on their accuracy on the grammaticality judgment task. 

The results indicated that level of proficiency, rather than AoA, might be the 

strongest, most reliable predictor of nativelike processing. For all three groups the 

accuracy scores of the high proficiency subgroup differed significantly from the low 

proficiency group (p < .05). The high proficiency French L1s had higher accuracy scores 

than the high proficiency Chinese L1s (p < .05). The low proficiency groups did not 

differ significantly from one another. The ERP data for both English control groups 

showed an LAN from 300-500 ms. The high-performing English L1s showed a P600 

from 900-1350 ms, whereas the low-performing group showed a P600 from 600-900 ms. 

Overall the high proficiency French L1s resembled the low proficiency English L1s: they 

showed an LAN from 300-500 ms and a P600, whereas the low proficiency group also 

exhibited a P600, but later and with lower amplitude. Neither Chinese group exhibited a 

LAN; however, in a subsequent version of the same experiment using a larger group of 

subjects, high-proficiency Chinese L1s did exhibit an LAN, mirroring the results of the 

French L1s (Chow et al., 2007). This version of the experiment found the presence of a 

P600 for all groups (native controls, and low- and high-proficiency French and Chinese 

L1s), and the presence of an LAN only in control subjects and high-proficiency French 

and Chinese L1s. 

The authors concluded that the high proficiency L2 groups were in fact displaying 

a nativelike biphasic LAN/P600 pattern. Since these groups consisted of late learners, this 

was taken as evidence against the Critical Period Hypothesis. These results seem to 

indicate that proficiency, not AoA, is the most important factor in play. The mixed results 

for the Chinese groups between the two experiments were taken as an indication that L1 

transfer might also play an important role. 
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Finally, Clahsen and Felser (2006a) conducted a comprehensive review of ERP 

studies examining the processing differences between child L1 learners, adult L1 

speakers, and adult L2 learners. They concluded that child and adult L1 learners use the 

same processing strategies (although children are apparently constrained by limiting 

factors not seen in adults, such as a reduced capacity for working memory). Significantly, 

they also concluded that adult L2 learners make use of lexical-semantic and syntactic 

cues, but use syntactic cues to a reduced extent compared to adult L1s. The authors 

referred to several studies that measured ERP responses to the processing of regular and 

irregular verb inflection. Recall that Ullman’s Declarative-Procedural model proposes 

that lexical retrieval (including, notably, retrieval of unpredictable lexical items such as 

certain irregular verbs) is accomplished by a subsystem of the domain-general declarative 

memory system that stores memories and factual knowledge. Rule-based processes on the 

other hand (e.g. the application of productive syntactic rules) are carried out by a 

subsystem of the domain-general procedural system that governs skills and processes 

(Ullman, 2005). Under this model, different ERP components are expected for processes 

governed by the two systems. Additionally, processes governed by the declarative system 

(e.g. retrieval of irregular verbs) are expected to be subject to frequency effects, with 

some exceptions. Processes governed by the procedural system are not. 

Clahsen and Felser (2006a) describe several experiments testing German 

morphosyntax. ERP signatures reflecting three morphological processes were recorded 

for adult L1s. These processes were 1) the correct application of regular inflectional 

morphology, 2) incorrect application of regular morphology onto irregular verbs 

(‘overregularizations’), and 3) application of an incorrect suffix onto a regular verb 

(‘incorrect regulars’). The correct application and concatenation of regular inflectional 

morphology is a prototypical use of the procedural system; the authors also posited that 

overregularization also involves the application of inflectional morphology, and therefore 

should be governed by the procedural system as well. The observed ERP components 
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were consistent with this position. In all the experiments, a P600 was observed in the 

800-1200 ms window for overregularizations. For incorrect regulars (a function thought 

to be governed by the declarative system), an N400 was observed. 

These results for L1 adults were later compared to the corresponding data for L2 

adults. Hahne, Mueller, and Clahsen (2006) presented native German speakers and 

advanced L2 German speakers (L1 = Russian, AoA after childhood) with 

overregularizations and incorrect regulars. For the misapplications of regular morphology 

(i.e. regularizations) subjects displayed an anterior negativity and/or a P600 component; 

the misapplications of irregular morphology (the incorrect regulars) elicited an N400. The 

anterior negativity exhibited a bilateral distribution in the L2 subjects, as opposed to the 

left frontal distribution observed in the L1 subjects. While the distribution of the 

negativity was not identical between the two groups, the authors interpreted them as 

being comparable, and attributed distributional differences to the previously observed 

variation in early negativities seen in several other studies. The presence of a biphasic 

pattern for anomalies involving the use of regular inflection suggested that the late-AoA 

L2 learners do in fact have access to regular inflection rules, and that contrary to 

Ullman’s original formulation of the dual-system model, late-AoA L2 learners are able to 

access both procedural and declarative systems. 

Clahsen and Felser (2006b) accounted for the variation in nativelikeness across 

linguistic domains with a variation of the Shallow Structure Hypothesis (SSH). The SSH 

proposes that native speakers employ two means of processing: a system for full parsing, 

used to process complex syntactic structures, and a system for shallow parsing, in which 

meaning is retrieved based on lexical-semantic information. L2 speakers, however, are 

claimed to over-rely on the shallow parser, and have limited access to the full parser. This 

should result in native speakers being able to correctly interpret the sentence Which book 

did Mary think John believed the student had borrowed? by establishing the long-

distance dependency between which book and borrowed, whereas an L2 speaker might 
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process the same sentence using knowledge about likely patients and agents based on 

lexical-semantic information. The correspondence between the SSH model and the dual 

systems of Ullman’s model is easy to see: the declarative system and shallow parsing 

system both rely on lexical retrieval and real world knowledge, while the procedural 

system and full parsing system both draw on syntactic knowledge. However, Clahsen and 

Felser point out that some studies have shown evidence that L2 speakers can in fact 

behave as natives (e.g. Friederici et al., 2002 for ERP evidence; Birdsong, 1999 and 

Birdsong, 1992 for behavioral evidence, among others). They explain this discrepancy by 

suggesting that L1 transfer can account for correct processing of simple syntactic 

structures in L2 (“simple” defined here as only containing local syntactic dependencies, 

e.g. wh-questions), but that this positive transfer is not applicable when an L2 speaker is 

faced with non-local syntactic dependencies.16 

Two recent review articles put the electrophysiological research on L2 acquisition 

into perspective. In a review of recent ERP results, Kotz (in press) relates 

electrophysiological processing signatures to the critical period hypothesis discussed in 

Chapter 3. While Weber-Fox and Neville (1996) interpreted the results of their L2 

syntactic processing study as evidence for a critical period for language acquisition, 

results from several subsequent studies tracking AoA and proficiency (e.g. Hahne, 2001; 

Rossi et al., 2006; Hahne, Mueller, and Clahsen, 2006) suggest that L2 proficiency might 

be a better predictor of nativelikeness in processing than AoA. Additionally, evidence 

from Tokowicz and MacWhinney (2005) suggests that transfer of similar syntactic 

features from the L1 can lead to more nativelike ERP signatures. Drawing on data from 

fMRI imaging, along with the results of Mueller’s (2006) study of “Mini-Nihongo” and 

                                                
16 They suggest that anaphora, non-canonical word order and complex hierarchical representations stretch 
to the limit the degree to which L1 transfer can account for non-local dependencies. If this is the case, one 
might expect L2 speakers of French to exhibit reduced or non-nativelike ERPs for the processing of French 
IS constructions, many of which make use of anaphora or non-canonical word order. However, the stimuli 
formulated for the purposes of this dissertation are very limited in their contextual scope and do not include 
all of the long-distance dependencies in question; I will return to this in the discussion of the results (see 
Chapter 6). 
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the longitudinal study of L2 French learners by Osterhout et al. (2006), Kolk interprets 

these findings as evidence that a critical or sensitive period has a less significant effect on 

L2 acquisition than previously thought, and that L2 proficiency and transfer effects may 

have more of an influence on processing signatures and warrant further research. 

In another noteworthy review of the literature, De Bot (2008) calls attention to 

several problematic issues for neuroimaging studies of language acquisition. Among 

other concerns, he cites a lack of standardized, thorough metrics to assess L2 proficiency 

as a major shortcoming of recent research. Frequently, the only measurement of 

proficiency comes from self-reported ratings of proficiency, and subjects’ proficiency in 

pronunciation, syntax, vocabulary, and comprehension are collapsed into one composite 

proficiency variable. Furthermore, self-ratings do not always correlate with actual 

proficiency as measured by more formal means of assessment. In Experiments 2 and 3 of 

this dissertation, I have taken this shortcoming into account by using a proficiency 

questionnaire that has been found to be predictive of actual proficiency (Marian et al., 

2007). 

Another chief concern of De Bot (2008) is variation among individual L2 

learners, which is thought to be higher than variation among monolinguals. Due to the 

physical limitations of the EEG recording process, and to allow for the possibility of 

subjecting results to tests of statistical significance, it is necessary to average data from a 

large number trials for each subject, and then calculate a grand average across subjects. 

Yet variation between individuals can wash out meaningful results when examining 

group data. For example, if one half of a subject group displays a left negativity and the 

other half displays a left positivity during the same timeframe, the averaged data will 

show no evidence of activity. As the bimodal distribution of the behavioral data from 

Experiment 2 suggests a high degree of behavioral variability between subjects, 

additional analyses of the ERP data were conducted taking these between-subject 

differences into account (see Section 6.4.3). 
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Finally, De Bot draws attention to a crucial question in psycholinguistics: What 

connections can we make between behavioral and neuroimaging data? Most authors 

interpret differences between the two data types as “added value”, i.e. the imaging data 

provides additional information that the behavioral data cannot. An alternative view, de 

Bot argues, would be to assume that there is no reason to prioritize imaging data, and that 

we should take the two types of data at face value — behavioral data only speaks to 

behavior, and imaging data only speaks to electrophysiological (or hemodynamic, et 

cetera) activity in the brain. In support of this view, he reminds that the links between the 

neuron level, the anatomical level, and brain functions are still very poorly understood. 

While it is tempting to attribute ERP effects to language processing in specific regions of 

the cortex, it is possible that they are due to non-linguistic effects, such as reactions to 

infrequent or surprising stimuli (see Section 6.4.1 for discussion of one such example, the 

P3 effect). 

 

To sum up the preceding sections, there is substantial evidence that L1 speakers 

exhibit an N400 component when presented with semantic anomalies, and a biphasic 

LAN/P600 pattern when presented with syntactic anomalies. Late-arrival L2 learners also 

show an N400 for semantic anomalies, but do not reliably exhibit nativelike processing 

signatures for syntactic anomalies; specifically, they often lack an LAN component, and 

the P600 component is of reduced amplitude when it appears. However, the syntax-

related components become more nativelike as proficiency increases.  

 

5.2 ERP STUDIES RELATING TO INFORMATION STRUCTURE 

The preceding sections examined studies where target sentences were formulated 

by manipulating word order violations, mismatches of lexical semantics, and anomalies 

due to incongruities with discourse-level context or general knowledge; these kinds of 

errors are seen as prototypical examples of syntactic and semantic errors, respectively. 
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Information structure, on the other hand, is not such a tidy example of either syntax or 

semantics, because it lies at the intersection of the two domains (as Chapter 2 illustrates). 

To date, there have been relatively few electrophysiological studies of 

information structure, and many of those that have been conducted have focused on 

intonation and other features specific to the aural modality (e.g. Magne et al., 2005). 

Moreover, even if we look to the wider domain of pragmatics (which, similar to 

information structure, does not precisely fall into the domain of syntax or semantics), we 

only find a handful of ERP studies, most of which have looked at comprehension of 

jokes, metaphors, and other speech acts more complex than the simple use of topic and 

focus. 

To preview the expected ERP indices of information structure anomalies, this 

section will examine results from the few previous ERP studies of information structure 

in the written modality. 

 

5.2.1 Cowles (2003) 

Cowles (2003) is perhaps the most comprehensive electrophysiological study of 

information structure processing to date. Cowles proposed three hypotheses regarding the 

processing of information structure: (1) information structure should influence the 

cognitive states of discourse referents; (2) if information structure is a level of 

representation separate from syntax and semantics, it should influence processing 

independent of syntax and semantics; and (3) the information status of referents should 

influence production. The first and third of these hypotheses are notable in that, by testing 

them and finding supporting quantitative evidence for them, Cowles has established a 

link between the syntactic and semantic patterns previously catalogued and theorized by 

the descriptive study of information structure, and the actual means of processing 

information structure. Given that there is no such thing as free variation in language 

(Bolinger, 1977), it might be tempting to dismiss as obvious the idea that a pair of 
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utterances differing only in their IS configuration would be subject to disparate mental 

representations and processes (these processing differences being a reflection of the 

information structural differences). But by supporting a qualitative distinction with 

quantitative data, Cowles (2003) has established an experimental foundation upon which 

the present study can build. 

To test Hypothesis (1), Cowles (2003) conducted an experiment to assess what 

effect, if any, the information status of an antecedent has on pronoun resolution; in 

particular, she looked for priming effects due to a referent being a recipient of either topic 

or contrastive focus marking. In this study, subjects were presented with short, three-

sentence-long discourses in which reference was made to two participants using their 

proper names (e.g. Anne and Sarah). There were three conditions, in which one of the 

participants was either a topic at the sentence level (sentence topic), a topic at the 

discourse level (discourse topic), or a focus in a cleft construction (contrastive focus). 

The study controlled for the order in which the participants were introduced. While the 

short discourses were being presented auditorily, a target word was presented visually 

which the subjects were asked to name. Cowles hypothesized that, if information status 

was reflected in the subjects’ mental states, there would be observable priming effects 

(and, therefore, faster naming times) when subjects were asked to name these more easily 

accessible items. There was a significant effect on naming time for both topic statuses, 

but not for contrastive focus (although there was no significant difference between the 

contrastive focus condition and the topic conditions). 

In a second experiment, Cowles (2003) examined differences in naming times for 

two variations of the contrastive focus condition. In one condition, a cleft construction 

with neutral intonation was used to introduce the participant of interest; in the other 

condition, the same cleft construction was used, but a contrastive pitch accent in the 

auditory presentation of the stimulus served to highlight the contrastive focus status of 

the participant. Cowles predicted a significant difference in naming time between 
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privileged and non-privileged referents in the contrastive intonation condition, but not in 

the neutral intonation condition. A significant effect was observed for the contrastive 

intonation condition, whereas only a marginal effect was seen for the neutral intonation 

condition. Cowles suggests that this is evidence of the structural properties of clefts 

putting contrastive focus on the referent of the clefted participant — a cleft construction 

by itself increases the accessibility of a referent, whereas a cleft construction in 

combination with contrastive intonation creates an even greater increase in accessibility. 

The results of these two priming studies can be seen as evidence that privileged 

information statuses, such as sentence topic, discourse topic, and contrastive focus, do in 

fact alter the accessibility of referents in the minds of listeners, supporting Cowles’ 

Hypothesis (1). While at first glance it may seem unusual that topic and focus (two 

information statuses that are sometimes considered to be more or less complementary) 

should cause a similar increase in the accessibility of referents, Cowles suggests that 

topics and contrastive foci share an important commonality: the presupposition of 

existence. Topics inherently presuppose the existence of their referent — for an utterance 

to be about something, that something must exist (at least in most cases). A well-formed 

contrastive focus also presupposes that a set of referents exists, and that one member of 

the set will be chosen. 

In the same work, Cowles also conducted an ERP experiment to test the second 

prediction of her Information Structure Processing Hypothesis, namely, that information 

structure influences processing at a level separate and independent from syntax and 

semantics.17 In this study, subjects were visually presented with a paragraph that 

established a context for the discourse. The setup ended with a wh-question asking which 

member of a set of participants in the scene was the patient of some action. After the 

subjects pressed a button to indicate they had finished reading the setup paragraph, a 

target sentence was presented visually one word at a time. The target sentences featured 

                                                
17 This position is similar to the one adopted by Lambrecht (1994). 
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cleft constructions that displayed one of two conditions. In the congruent condition, the 

clefted noun was one of the members of the set of potential patients; in the anomalous 

condition, the clefted noun was the agent of the action: 

 

Setup:   A queen, an advisor, and a banker were arguing over taxes. Who  

did the queen silence with a word, the banker or the advisor? 

Congruent: It was the banker that the queen silenced. 

Anomalous: It was the queen that silenced the banker. 

 

The wh-question creates an expectation that one of the members of the set of 

possible patients will be the recipient of contrastive focus in the target sentence; in the 

congruent condition, this is the case. But in the anomalous condition, the agent of the 

event unexpectedly receives contrastive focus, while the participant that is expected to be 

in focus is instead treated as a topic. It should be noted that the anomalous target 

sentences are both syntactically and semantically well formed — they only differ from 

the congruent sentences in the information statuses of the participants18. 100 three-

sentence experimental items were interspersed among 100 filler items intended to reduce 

the possibility of the subjects realizing the nature of the experiment. 

Analysis of the ERP signals indexed with the anomalous clefted head noun 

showed a lateral posterior negativity roughly centered in the 300-500 ms range. The 

timing, amplitude and location of this signature put it plausibly within the neighborhood 

of the N400 signature traditionally associated with semantic mismatch. An unexpected 

outcome of the analysis was the presence of statistically significant effects of condition 

on the ERP signature indexed with the words in the cleft preceding the target word. As 

                                                
18 There is another difference between the congruent and anomalous sentences: In the congruent sentences 
the clefted noun is a grammatical object, whereas in the anomalous sentences the clefted noun is a 
grammatical subject. This difference in grammatical roles may have been a possible source of observed 
ERP effects. 
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the experimenter did not intentionally manipulate the stimuli by condition over the words 

“It was the …”, she found these results puzzling, which led her to replicate the 

experiment. 

In the second attempt of the ERP study, the same experimental items were used 

along with a different set of filler items (the filler items were the materials for another 

experiment, run concurrently with the replication). Analysis of the ERP signals for the IS 

mismatch condition showed a negativity from 200-500 ms, with a significant difference 

in negativity from the control state (p < .045). This once again matches the timing and 

amplitude criteria for an N400 effect; however, the signal lacked the prominent peak seen 

in many other N400 studies. All effects for the words preceding the target word were 

absent in the replication, save an interaction of condition and anteriority in the 300-500 

ms range.  

The differences in processing between the expected and unexpected information 

structural configurations led Cowles to conclude that subjects do use information 

structure in the processing of language. Furthermore, she concluded that, while the ERP 

signature indexed to anomalous information structure was not a picture-perfect fit with 

the traditional notion of the N400 signature, it was more likely to be an N400 than some 

totally new and unseen component. This is somewhat surprising given Cowles’ 

predictions going into the study, as well as the logical extension of Lambrecht’s view of 

IS as falling neither solely within the domain of syntax nor semantics. An N400 indexed 

to IS anomalies could be interpreted as a sign that IS is more closely linked to processes 

relating to semantics than to those for syntax, or that it does not exhibit a processing 

signature that is independent of syntax and semantics. 

Cowles’ Information Structure Processing Hypothesis not only predicts that 

information structure is reflected in the mental processing of speech, it also predicts that 

different information structural configurations exhibit different processing signatures. 

Cowles (2003) conducted a study comparing the ERP signatures for contrastive focus and 
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informational focus. The stimuli consisted of passages in which the final target sentence 

remained the same for both kinds of focus conditions; the preceding sentences, which 

established a discourse context, were manipulated to instantiate either a contrastive or 

informational focus. A which question was used at the end of the setup for the contrastive 

focus stimuli, as it presupposes a set of possible referents from which one will be chosen 

(and, by being chosen, will be set apart in contrast with the others). The question at the 

end of the informational focus setup was an open-ended question of the form “Did 

anyone do X?”; it did not presuppose any referent or set of referents, so that nothing was 

in contrast but rather some referent was in focus only inasmuch as its role informed the 

hearer of some new information: 

 

Contrastive Focus  

Setup Context 

A butcher, a chef and a specialist were in the kitchen of a posh restaurant. They 

had started up the business together.  It was successful, but they were very busy.  All of 

them wanted everything to be perfect, but only one had time to stop and check the soup.  

Which one tasted the soup?  

Target Sentence  

After a moment, the butcher tasted the soup.  

 

 

Informational Focus  

Setup Context  

The kitchen of a posh restaurant was filled with people trying to get orders filled. 

Near the door was a butcher and another person. A group of cooks was clustered around a 

stove, including a chef and a specialist. There was a pot of soup in the corner that was 

almost ready to be served.  
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Did anyone taste the soup?  

Target Sentence 

After a moment, the butcher tasted the soup. 

 

Since the target sentences are identical across the two conditions, Cowles 

proposed that any differences in ERP signatures between the two could not be due to 

differences in syntactic processing, but rather would necessarily be due to differences in 

the processing of information structure. 

Cowles also predicted the presence of two likely ERP components. In the 

contrastive focus condition, a set of participants is introduced as the subject of the first 

sentence; as the discourse continues, the pronoun they is used, signaling that these 

participants are the topic of the discourse. The listener must keep these referents active in 

his mind as the discourse continues, which would place an increased load on working 

memory. Cowles predicted that an LAN might be seen in these cases, as it has previously 

been established as being coindexed with increased loads on working memory (Van 

Berkum, Brown, & Hagoort, 1999). 

She also proposed a P600 component as a possible alternative to the LAN. At first 

glance this might seem unusual, as the P600 has most often been associated with 

syntactic reanalysis, and the target sentences are syntactically identical across conditions 

in this experiment. However, Coulson, King, and Kutas (1998a; 1998b) have suggested 

that the P600 is related to another ERP component known as the P3b component. They 

claim the P3b component is not due to ungrammaticality, but to the rareness of the type 

of error seen the listener is presented with. However, in this particular study Cowles’ 

stimuli were not ungrammatical, nor were their contents or information structural 

configurations unexpected. It is unclear why a component that is said to be an index of 

unexpectedness would be observed for grammatical, non-anomalous sentences. 
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An analysis of the ERP data showed the presence of an anterior negativity in the 

contrastive focus condition relative to the informational focus condition. The difference 

in negativity between the two conditions only achieved significance (p < .05) in the 300-

1100 ms time window, which extends to the onset of the third word of the target sentence 

(moment). There was a marginal effect of condition on the negativity in a time window 

that extended through the head noun of the grammatical subject (butcher), but this effect 

fell just short of significance (p < .068). Cowles concludes that the observed anterior 

negativity was elicited by the increased load on the subjects’ working memory, brought 

about by the need to keep the contrast set active in working memory. However, the fact 

that the only significant difference in processing was observed before the onset of the 

head noun (the constituent that crucially differs in information status between the two 

conditions) is puzzling. 

The experiment did provide much more solid evidence of a positive component, 

however. In the contrastive focus condition, a positivity was seen from 200-700 ms after 

the onset of the grammatical subject head noun; there was a significant effect of condition 

for this positivity (p < .002). Cowles concluded that, whatever the true nature of this 

component that resembled the P600, it could not be purely syntactic in nature, as the 

target sentences were syntactically identical. She concluded that, “the different 

information statuses of contrastive and informational focus do have an impact on 

processing, causing subjects to process sentences differently” (p. 156).  

To sum up the results of Cowles (2003), an N400 effect was observed for the 

incorrect application of focus, while an early negativity and P600 were observed for the 

processing of contrastive focus. Drawing on the results of these experiments and others 

included in her 2003 dissertation, Cowles came to the conclusion that the experimental 

evidence was consistent with the view, as put forth by Lambrecht (1994), that 

information structure is a component of grammar separate from syntax and semantics. 

Cowles cited the fact that effects for differences in information status were seen even 
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when target sentences were syntactically identical; this indicates that IS can be 

manipulated independently of syntax. 

One minor problem with this analysis, however, is that the ERP signatures seen 

across several of her experiments appear to be related to ERP components associated 

with syntactic and semantic processing (the P600 and the N400, respectively). Under 

Lambrecht’s framework information structure serves a mediating role between syntax 

and semantics; perhaps the ERP components seen in Cowles’ data reflect instances where 

one or the other of these domains had a greater influence over the processing of 

information structure. For example, in the experiment that used clefts to manipulate focus 

structure (e.g. It was the banker that the queen silenced versus It was the queen that 

silenced the banker), it is possible that subjects’ real world knowledge of likely agents 

and patients motivated their processing of the clefted nouns — hence the presence of the 

N400 effect, which is more closely related to semantics than syntax. Another possibility 

is that the ERP components observed here are not language-specific, and that the stimuli 

in Cowles’ experiments that elicited these components fell under the domain of a non-

language-specific processing phenomenon (e.g. some component comparable to the 

domain-general P3 component associated with the processing of oddball stimuli). A third 

possibility is that the signatures observed in these studies are not in fact related to the 

previously established P600 and N400 components. However, while not a perfect match, 

their similarity in timing, amplitude and morphology to these widely studied components 

would make it odd for them to be unrelated, yet coincidentally similar, components, 

making this an unlikely explanation (though it should be noted that, if information 

structure is a separate component of grammar as Cowles concluded, it would not be out 

of the question for it to have unique processing components). One last possible 

explanation serves as an important reminder as to the nature of ERP components: Even 

though the N400 and P600 are commonly observed in conjunction with semantic and 

syntactic processing, respectively, they might be epiphenomena of said processing. As 
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Osterhout and Holcomb (1992) explained in their original work on the P600 component, 

“… an ERP component can be sensitive to (i.e., can co-occur with) some psychological 

process without being specifically tied to that process.” 

 

In order to determine what ERP components we can reasonably expect to see 

indexed with the processing of information structure errors, we can refer to several other 

studies that have explored this area. Some of these studies have tested responses to 

information structure by way of visual presentation of stimuli, while others have 

manipulated prosody and word accent. Studies using visual presentation of stimuli are 

discussed in Section 4.3.2.2. Section 4.3.2.3 considers studies of prosody that have used 

aural presentation of stimuli. While the experimental designs of such studies have little 

overlap with that of Experiment 3 (see Section 4.4), it is not unreasonable to expect ERP 

components associated with information structure processing in one modality (aural) to 

mirror the components associated with information structure processing in another 

modality (visual). 

 

5.2.2 Other ERP studies of information structure: Visual presentation 

In Bornkessel, Schlesewsky, and Friederici (2003), German L1 subjects read a 

context sentence containing a question, which was then followed by a target sentence 

containing a response. As German can be considered to have word order that is relatively 

flexible, the target sentences were manipulated to be either SOV or OSV. Previous 

research has shown that object-initial German sentences increase the processing load in 

subjects (see Bornkessel et al., 2003 for an overview); it has been proposed that this is 

due to a mismatch between the expected and observed argument in the initial position. 

Specifically, a left negativity between 300 and 450 ms has been observed when the object 

occupies the initial position (which is usually reserved for the subject in the absence of a 

context licensing an initial object). 
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The experimenters sought to determine how preceding context modulated the 

negativity indexed to the initial object. To do this, they manipulated three factors in the 

context sentences: givenness (whether or not the initial argument was a topic), contextual 

prediction (the scope of the expected focus as determined by a wh-question), and the 

nature of the contextual prediction (whether there was a mismatch between the expected 

and observed grammatical case of the initial object). 

Effects were seen for givenness and contextual prediction. In the givenness 

condition, a negativity from 350 to 550 ms was observed. In the contextual prediction 

condition, a positivity from 280 to 480 ms was observed; this positivity was tentatively 

identified as an instance of the P300 or P3b component, which has previously been linked 

to the resolution of uncertainty. According to Weskott (2004), the fact that making the 

initial object a topic does not eliminate the negative component indicates that contextual 

licensing does not totally counteract a syntactic mismatch. Bornkessel et al. drew two 

conclusions from the study: 1) Effects of context are clearly visible in the early stages of 

processing, and 2) a referent being contextually predicted by focus scope licenses marked 

word order in German, whereas that same referent having a high state of givenness (i.e., 

being a topic) does not. 

Cowles, Kluender, Kutas, and Polinsky (2007) conducted another study of 

electrophysiological responses to violations of information structure, this time looking at 

violations for wh-question and answer pairs, and in particular looking at English it-clefts. 

This study yielded results that were similar to those of Bornkessel et al. (2003), but 

differed from those of Hruska et al. (2000, see below). The experimenters concentrated 

on three potential ERP components: the P300, believed to reflect the processing of 

oddball stimuli, new information or the resolution of uncertainty; the N400 (which they 

characterize as an “index of processes underlying lexical access and contextual 

integration”); and the P600. The authors considered several possible electrophysiological 

responses to anomalies in information structure. One possibility is that no change in the 
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ERP signature would be observed; as evidence for this they cited the results of Hruska et 

al. (2000), in which an extraneous focus-marking accent on a constituent that was not 

expected to bear focus elicited no reliable ERP response. 

The investigators also examined several arguments for positing IS processing to 

involve an N400 component. The authors’ hypothesis was that IS and semantic 

information are, in one sense, very similar: They both set limits on the referents that can 

possibly appear in a given position in a sentence. Semantic information creates a context 

that limits the set of referents that can appear in a given position, e.g. in the sentence ‘The 

lumberjack swung the _____’, the semantic frame associated with ‘lumberjack’ creates a 

context in which the listener expects ‘axe’ to fill in the blank, as opposed to an unrelated 

word like ‘carrot’. Conversely, information structure limits the referents that cannot 

appear in a position, e.g. in the exchange ‘What ate the lettuce, the deer or the rabbits?’ 

‘It was the ___ that ate the lettuce’, the cleft construction dictates that lettuce cannot 

appear in the blank (regardless of the impossibility of lettuce eating itself). The 

investigators argued that if prior information structure and prior semantics both have a 

similar effect of limiting the possible referents in an utterance, then an unexpected IS 

configuration should lead to the same N400 observed for semantic violations. 

Another suggested reason for a possible N400 is that an unexpected focus 

assignment might lead to processing errors in assigning theta roles to participants in the 

target sentence, e.g. the subject might expect one of the participants to be an agent, but 

the word referring to this participant appears in an information structure construction 

normally associated with patients. Such a mismatch would be essentially semantic in 

nature, thus plausibly leading to an N40019. The authors also formulated hypotheses 

relating to the P600 component: In constructions where a syntactic position is reserved 

for a focus-bearing constituent, a mismatch should result in a P600, as a mismatch 

                                                
19 This suggestion bears similarities to Kim and Osterhout’s (2005) proposal that semantic frames and theta 
roles influence the observed ERP components.  
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between the focal element and the syntactic position could be processed as a phrase 

structure violation.  

In their ERP study, the investigators presented subjects with the same type of 

control and anomalous sentences as in one of the experiments of Cowles (2003)20: 

 

Setup:   A queen, an advisor, and a banker were arguing over taxes. Who  

  did the queen silence with a word, the banker or the advisor? 

Congruent: It was the banker that the queen silenced. 

Anomalous: It was the queen that silenced the banker. 

 

Previous studies have established that all words, especially open-class words, 

evoke at least a weak negativity in the 400 ms range. (Remember that the N400 effect is 

in essence a negativity of greater amplitude compared to the negativities evoked by 

congruous words.) To gauge the significance of the negativity elicited by the target word 

in the cleft construction (“banker” in the congruent case and “queen” in the anomalous 

case), the experimenters compared identical epochs for each word in the sentence, and 

also compared the target words in the control and condition cases. Compared to the other 

words in the sentence, there was a greater negativity between 200 and 500 ms after the 

onset of the target word when the focus accorded to the word was anomalous. While this 

conflicts with the results of Hruska et al. (2000), in which no significant ERP effect was 

seen in similar cases, the authors suggest that differences in the modalities of the 

experiments (auditory versus visual) might be involved. 

The authors tentatively interpreted the negativity as an N400, despite its lack of 

the prominent peaks seen in other studies. They did not come to a definitive conclusion as 

to which of their proposed causes of N400s (anomalous assignment of theta roles, or the 

                                                
20 Note that in the original Cowles study, this experiment was run twice, as the first attempt yielded 
inconclusive results. 
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limited scope of possible referents due to prior context) led to this ERP signature. 

Interestingly, they saw a late positivity indexed with the cleft word in both the control 

and anomalous cases; taken with the results of Cowles (2003), this once again appears to 

paint the P600 as an index of general focus processing. The authors suggest this could be 

a manifestation of the P3 component, as the delivery of focus information could be 

interpreted as a type of “information delivery” or “resolution of uncertainty”, both of 

which are associated with this component. Bornkessel et al. (2003) interpreted data from 

a similar study as a P3 as well, supporting this interpretation. Furthermore, Cowles et al. 

suggest that the lack of a prominent peak on the observed N400s could be due to this 

superimposed P3 component dampening the negativity. 

Finally, Stolterfoht and colleagues have conducted several studies on the ERP 

components indexed with reanalysis of syntactic structure, focus structure, and implicit 

prosody (Stolterfoht, Friederici, Alter, & Steube, 2007; Stolterfoht & Bader, 2004). The 

experimenters presented German L1s with written sentences. By adding and removing 

the focus particle nur ‘only’, they manipulated stimuli to contain instances of narrow 

focus, wide focus, and no explicitly marked focus at all.  
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Default focus structure and prosodic structure  
[Am Dienstag hat der Direktor den SCHÜler getadelt]F  
On Tuesday has the principal.nom the pupil.acc criticized  
‘On Tuesday, the principal criticized the pupil.’  
 
Object replacive with no focus particle (ON): focus structural revision  
Am Dienstag hat der Direktor [den SCHÜler]F getadelt, und nicht [den LEHrer]F  
On Tuesday has the principal.nom the pupil.acc criticized, and not the teacher.acc  
‘On Tuesday, the principal criticized the pupil, and the principal did not criticize the 
teacher.’ 
 
Subject replacive with no focus particle (SN): focus structural & prosodic revision  
Am Dienstag hat [der DiREKtor]F den Schüler getadelt, und nicht [der LEHrer]F  
On Tuesday has the principal.nom the pupil.acc criticized, and not the teacher.nom  
‘On Tuesday, the principal criticized the pupil, and the teacher did not criticize the pupil.’ 
 
Object replacive with focus particle (OF): no revision  
Am Dienstag hat der Direktor nur [den SCHÜler]F getadelt, und nicht [den LEHrer]F  
On Tuesday has the principal.nom only the pupil.acc criticized, and not the teacher.acc  
‘On Tuesday, the principal criticized only the pupil, and the principal did not criticize the 
teacher.’ 
 
Subject replacive with focus particle (SF): no revision  
Am Dienstag hat nur [der DiREKtor]F den Schüler getadelt, und nicht [der LEHrer]F  
On Tuesday has only the principal.nom the pupil.acc criticized, and not the teacher.nom  
‘On Tuesday, only the principal criticized the pupil, and the teacher did not criticize the 
pupil.’ 
 

Table 5-2: Stimuli from Stolterfoht et al. (2007) 

The authors hypothesized that some stimuli would force the subjects to revise the 

focus structure they were parsing on the fly, while other stimuli would force a revision of 

the implicit prosodic structure assigned to the written text. A bilateral positivity was 

observed from 350-1100 ms for the focus structure revision stimuli, and a widely 

distributed negativity was observed from 450-650 ms for the implicit prosody revision 

stimuli. This negativity started later than the ones observed in the auditory studies 

described above; the authors suggest that in the auditory modality, prosody is in the 

foreground, and is thus more salient and leads to a shorter latency. They also suggested 

that, within the framework proposed by Lambrecht (1994) that posits a separate level of 
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representation for information structure, the positivity seen for focus structure revision 

might be an index of difficulty synthesizing the syntactic structure and semantic meaning 

of the utterance. 

These findings give reason to believe that an N400 component is indexed with the 

processing of incongruous information structure constructions, and that a positivity 

(possibly a P3 or a P600) is indexed with the processing of focus constructions, 

regardless of whether they are congruous or incongruous. This is yet another possible 

outcome to compare with the results of the experiments described in Section 4.4. 

  

5.2.3 Other ERP studies of information structure: Aural presentation 

Hruska, Steinhauer, Alter, and Steube (2000) conducted a study of ERP signatures 

indexed with information structure anomalies in German. Pairs of sentences were 

auditorily presented to subjects. The first sentence in each pair established a context for 

the discourse and, by means of a wh-question, created the expectation of a narrow focus 

in the response to the question. In the second sentence, subjects heard either a sentence 

carrying a prosodic accent on the word that served as an appropriate response to the wh-

question, or they heard a sentence with a mismatch between the expected and actual 

prosodic accent (and, therefore, a mismatch between expected and actual focus). 
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Context: 
WEM verspricht Peter zu entlasten und das Buero zu putzen?  
‘WHOM does Peter promise to support and to clean the office?’ 
 
Compatible answer:  
Peter verspricht ANNA zu entlasten und das Buero zu putzen.  
‘Peter promises to support ANNA and to clean the office.’ 
 
Incompatible answer:  
Peter verspricht Anna zu ENTLASTEN und das Buero zu putzen.  
‘Peter promises to SUPPORT Anna and to clean the office.’ 
 

Table 5-3: Stimuli from Hruska et al. (2000) 

For the compatible sentences, a centro-parietal positivity was observed for the 

words carrying the appropriate prosodic accent. The data for the mismatch condition was 

less clear: either a posterior negative slow wave or a biphasic sequence of components 

was observed. In cases where there was an additional, extraneous focus imposed on the 

sentence (i.e. a prosodic accent that was not necessary and did not contradict the 

expectations for focus established by the preceding discourse), no significant effect was 

observed. The observable differences in processing for violations of information structure 

serve as evidence in support of Cowles’ (2003) Information Structure Processing 

Hypothesis. 

Johnson, Breen, Clifton, and Morris Florak (2003) auditorily presented question-

answer pairs to native speakers of English. Target sentences were kept identical across 

conditions, and the context questions were manipulated to create an appropriate context 

in the control cases and an anomalous context in the condition cases: 
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Appropriate context 
‘Rhonda kissed Jason. Who else was kissed by Rhonda?’ 
 
Anomalous context 
‘Evelyn kissed Jeremy. Who else was Jeremy kissed by?’ 
 
Response 
‘JERemy was kissed by Rhonda, too.’ 
 

Table 5-4: Stimuli from Johnson et al. (2003) 

 

In the control cases, Jeremy is appropriately treated as focal in response to the wh-

question ‘Who else was kissed by Rhonda?’. In the anomalous condition, Jeremy is not 

the answer to the wh-question and is in fact treated as a topic in the context question, 

making the response infelicitous. 

 Properly focused constituents in the control cases evoked a widely distributed late 

positivity from 500-700 ms post-stimulus. When the target word was no longer assigned 

the expected focus due to a missing pitch accent, an anterior negativity from 100-500 ms 

was seen. These results agreed with those of Hruska et al. (2000) in that both studies 

showed evidence of a late positivity for expected focus structure processing, as well as an 

early negativity for the processing of an expected focal constituent with a missing pitch 

accent. 

Steinhauer, Alter and Friederici (1999) conducted an auditory ERP study looking 

at the ERP signatures indexed with the processing of garden-path sentences. In this type 

of sentence, semantic or prosodic information can unexpectedly force a syntactic 

reanalysis midway through the sentence. Consider the following sentences: 

 

(5-1a) Since Jay always jogs a mile and a half this seems like a short distance to him. 

(5-1b): Since Jay always jogs a mile and a half seems like a very short distance to him. 
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Readers are likely to interpret a mile and a half as the object of jogs, rather than 

as the subject of seems; this results in (5-1a) being more easily interpretable on the initial 

read-through than (5-1b), whose meaning must be revised if the reader goes with their 

initial parse and interprets a mile and a half as a grammatical object. Steinhauer et al. 

(1999) set out to determine whether prosodic information could override these initial 

syntactic preferences. 

Native speakers of German were presented with German sentences similar to the 

English sentences in (5-1) (brackets demark the boundaries of intonational phrases): 

 

(5-2a):  [Peter verspricht Anna zu arbeiten] [und das Büro zu putzen] 

‘Peter promises Anna to work and to clean the office’ 

(5-2b): [Peter verspricht] [Anna zu entlasten] [und das Büro zu putzen] 

 ‘Peter promises to support Anna and to clean the office’ 

 

Due to properties of German word order, (5-2b) elicits the same type of garden-

path effect as (5-1b) does in English. In addition to acoustically manipulating prosody to 

create control and garden-path versions of sentences, the experimenters included a third 

condition, in which there was a mismatch between the prosody and syntax of the target 

sentence. 

Results showed a large positive shift at the prosodic boundaries indicating the end 

of an intonational phrase. This was interpreted as a new ERP component, labeled the 

“closure positive shift” or CPS. For the prosody-syntax mismatch condition, a biphasic 

pattern of an N400 followed by a P600 was observed. The fact that prosodic information 

could lead to ERP effects as such an early point in sentence comprehension was 

interpreted as evidence that initial parses of sentences are not based strictly on syntactic 

information alone. 
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A recent study of French by Magne, Astésano, Lacheret-Dujour, Morel, Alter and 

Besson (2005) consisted of an experimental paradigm very similar to the one used in 

Experiment 3 of this dissertation (Chapter 6), with one major difference: The Magne et 

al. study was conducted auditorily, looking at the role prosody plays in the processing of 

French information structure. By combining two types of contrastive-focus-inducing 

context questions with two possible responses, the experimenters created four 

combinatorial possibilities of experimental conditions: 

(5-3a):  A-t-il donné une bague ou un bracelet à sa fiancée? 

  ‘Did he give his fiancée a ring or a bracelet?’ 

(5-3b): A-t-il donné une bague à sa fiancée ou à sa soeur? 

  ‘Did he give a ring to his fiancée or his sister?’ 

(5-4a): Il a donné une BAGUE à sa fiancée. 

  ‘He gave a RING to his fiancée.’ 

(5-4b): Il a donné une bague à sa FIANCEE. 

  ‘He gave a ring to his FIANCEE.’ 

For example, (5-4a) should be a felicitous, appropriate response to (5-3a), since 

the question creates the expectation of contrastive focus on either bague or bracelet, and 

the response does in fact place focus on bague. The pairing of (5-3a) and (5-4b) would be 

infelicitous, however, because the response places focus on fiancée, which is expected to 

be a topic. This design allows not only for the measurement of EEG responses to 

extraneous focus (e.g. fiancée in the 5-3a/5-4b pairing), it also allows for the 

measurement of EEG responses indexed with a missing focal prosody (e.g. bague in the 

same pairing, which ought to receive focal prosody but does not). 

 The resulting ERP data recorded from native speakers of French showed several 

different ERP effects, depending on the context of the target word. Target words with 

extraneous focus and target words lacking expected focus were grouped together into one 

group representing all incongruous accents. These incongruous accents evoked an 
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increased positivity from 300-1050 ms when the target word was sentence-medial (e.g. 

bague), but when the target word was sentence-final (e.g. fiancée) it evoked an increased 

negativity from 150-1050 ms. A breakdown of the incongruous group showed no 

significant differences in the signatures for words with extraneous focus and words 

lacking expected focus. 

These results have two implications for this dissertation. First, since the target 

words in Experiment 3 (Chapter 6) occur in sentence-medial position, it is reasonable to 

expect that a positivity will also be observed in the processing of anomalous focus 

structure in the written modality. Magne et al. (2005) interpreted this positivity as a P3b 

component; it would therefore be reasonable to expect a P3b in Experiment 3 as well. 

Also, the fact that dissimilar ERP signatures were observed between sentence-medial and 

sentence-final anomalies should serve as a reminder that there is a high degree of 

variation in the results of previous studies such as this one. 

Li, Hagoort, and Yang (2008) conducted an ERP study of accentuation using 

auditory presentation of Chinese discourse to native speakers of Chinese. Chinese, like 

English, uses accent, i.e. a prosodic prominence due to greater intensity and/or a change 

in pitch, to indicate new information or focus (see also Cutler, 1976 and Chapter 2 of this 

dissertation for discussion of the relationship between word accent and focus). Subjects 

were presented with short discourses consisting of two context sentences followed by a 

target sentence. Each target sentence contained two critical words: one conveying “new 

information” and one conveying “old information”. In half of the target sentences the first 

of the two critical words contained new information; in the other half, the second of the 

words contained new information. None of the critical words were sentence-final. 

Recordings of the target sentences were manipulated so that either the first or second 

critical word was accented, while the other critical word was unaccented. This allowed 

for a factorial design, with four possible combinations of critical word (first or second) 

and new information/accent (congruous or mismatched). 
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Accented words evoked a stronger N400 than unaccented words did. The results 

showed an interaction between accentuation and information status. For old information, 

inappropriate accentuation elicited a larger N400 than the control case, but for new 

information, the difference in amplitude between the N400s elicited by appropriate and 

inappropriate accentuation was much smaller. This resulted in N400 amplitude being 

larger for correctly accented new information than for incongruously unaccented new 

information. Li et al. interpreted these changes in N400 amplitude due to differences in 

accentuation as evidence that listeners quickly retrieve semantic information from 

accentuation: The fact that N400 amplitude was in some cases larger for correct pairings 

of accent and information state than for mismatches led them to conclude that the N400 

does not react to “semantic anomaly per se, but rather to semantic integration load, which 

is higher for new information” (Li et al., 2008, p. 906). 

 

As the two previous sections illustrate, results from previous studies of 

information structure and prosody are far from conclusive. Table 5-1 presents a summary 

of the major findings detailed above. Of particular note are Magne et al. (2005), which 

found increased positivities for anomalies of focus structure in spoken French, and Li et 

al. (2008), which found increased negativities for new information (attributed to an 

increase in semantic integration load) in spoken Chinese. The results of other studies 

shown in Table 5-1 have been mixed: Some of the studies have found increased positivity 

indexed with the processing of congruous information structure (e.g. Johnson et al., 2003; 

Hruska et al., 2000; Bornkessel et al., 2003), but others have seen increased negativities 

(Li et al., 2008). To cloud the issue even further, various effects have been seen for the 

processing of incongruous information structure, ranging from increased negativities 

indexed with a lack of expected focus (Johnson et al., 2003; Hruska et al., 2000; Li et al., 

2008), to positivities in the same context (Magne et al., 2005), to biphasic N400-P600 

patterns for information structure mismatch (Hruska & Alter, 2004; Steinhauer et al., 
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1999), to a lack of any significant effect in the presence of an extraneous word accent 

(Hruska et al., 2000). Clearly, much work remains to be done before the different factors 

affecting the electrophysiological correlates to information structure processing are fully 

teased apart. 
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Table 5-5: Summary of prior ERP research on information structure and prosody 
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So far, we’ve explored the theory underlying the ERP technique, as well as the 

most relevant research in the field. Chapter 6 is devoted to one of the basic questions 

posed by this dissertation: What ERP components are indexed with the processing of 

information structure in French? To answer this question, we will look at results from 

Experiment 3 of the dissertation. 
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Chapter 6: Electrophysiological Experiment 

 

 An electrophysiological experiment using the event-related potential technique 

was conducted in order to address the following research questions: Do L1 speakers of 

French exhibit an N400 and a P600 ERP component when processing violations of 

information structure? And is the same component observed for L2 speakers of French? 

 

6.1 HYPOTHESES 

 As stated in Chapter 1, three hypotheses were formulated to address the research 

questions stated above. 

Hypothesis 1: French L1s will show a biphasic pattern of early negativity and late 

positivity (the P600 pattern found in previous research to be associated with syntactic 

errors) for sentences where the IS anomaly does not lead to an erroneous semantic 

representation but is simply an inappropriate use of a syntactic construction. 

Hypothesis 2: For the same anomalies, low-proficiency L2 subjects will show an 

N400 signature. 

Hypothesis 3: High-proficiency L2 subjects will show a weakened version of the 

P600 for the same anomalies. 

An implicit corollary to these hypotheses is the assumption that differences in 

information structure lead to observable differences in the brain activity of human 

subjects. While Cowles (2003) has already provided sufficient evidence to warrant this 

assumption, it should be noted that any further evidence in support of this may be of 

interest inasmuch as it serves to strengthen the biological basis of information structural 

theory. 
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6.2 SUBJECTS 

Control subjects were adult native speakers of French (N = 12). The two 

experimental groups consisted of low-proficiency L2 speakers of French (N = 12) and 

high-proficiency L2 speakers of French (N = 12), all of whom spoke English as an L1. 

Subjects were assigned to a proficiency group based on the average of self-reported 

speaking, reading, listening and pronunciation levels, as measured by a modified version 

of the LEAP-Q questionnaire (Marian, Blumenfeld, & Kaushanskaya, 2007).21 Subjects 

were closely matched for Age of Exposure (AoE) between the two L2 groups in order to 

control AoE as a variable (See Table 4-7). The average AoE for the low-proficiency 

subjects was 16 years, and the average AoE for the high-proficiency subjects was 14.75 

years. The average time spent in the target environment for the low-proficiency subjects 

was 6 months, while the average time spent in the target environment for the high-

proficiency subjects was 1 year. 
 

                                                
21 Marian et al. (2007) formulated the LEAP-Q with the goal of creating a self-rating questionnaire that 
could predict behavioral performance and proficiency in a statistically valid manner. Most self-assessment 
measures look at three variables — proficiency, dominance and preference — which (unfortunately for 
investigators) often become conflated. This questionnaire attempts to tease these factors apart by asking 
numerous questions about the subject’s language history, including questions about his age at the time of 
initial language learning and at fluency, and questions investigating the percentage of the time the subject’s 
languages are used at home, at work, and with friends. The authors conducted two quantitative studies 
examining the internal and external validity of the questionnaire. The authors found strong correlations 
between many of the self-assessment measures and standardized proficiency measures, indicating that 
overall, the questionnaire does predict proficiency. 
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Low-proficiency L2 High-proficiency L2 

7 10 
12 11 
13 12 
14 12 
15 13 
15 14 
18 14 
18 15 
18 16 
18 18 
20 19 
24 23 

Average Average 
16 14.75 

 

Table 6-1: L2 subject Age of Exposure 

 

All subjects were at least 18 years of age, and were right-handed. The average age 

of the low-proficiency subjects was 24 years; the average age of the high-proficiency 

subjects was 27 years. 

Native speaker and L2 participants were recruited from the student and faculty 

population of the University of Texas at Austin. Additional native-speaker subjects were 

recruited from the Austin francophone community. 

 Due to technical errors, several additional participants took part in the study (two 

high-proficiency subjects, two native speakers, and three low-proficiency subjects), but 

were excluded from the final analysis.  

 

6.3 PROCEDURE 

Data was recorded using a SYNAMP hardware system and Scan 4.2 software 

package from Neuroscan, Inc. A 32-channel electrode cap was used, of which 14 

channels (Fz, Cz, Oz, Pz, F3, F4, T7, T8, P3, P4, F7, F8, C3, C4) were used to record 
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data.22 These channels were chosen for because they are distributed widely enough to 

provide a basic sense of where in the brain a component is localized. As discussed in 

Chapter 4, exact localization is mathematically impossible because the recorded signal is 

the sum of millions of positive and negative dipoles; however, with this distribution of 

electrodes, we can still obtain a general sense of where a positivity or negativity is most 

prominent. With some minor differences, this electrode montage also overlaps 

significantly with that of Balconi and Pozzoli (2004), another study with the goal of 

replicating previously observed components. The 14 recording channels were referenced 

to the right and left mastoid; additionally, blink detection was performed using data from 

the VEOG channel. All impedances were kept below 5 kΩ. Trials with blinks were 

eliminated from the analysis. A band pass filter of .01–100 Hz was used, and data was 

sampled at a rate of 250 Hz. 

Subjects were seated approximately one meter away from a monitor in a quiet 

booth. For each item, participants were visually presented with a photograph of a 

household item on a table, followed by a question and response relating to the contents of 

the photograph. The photographs were presented onscreen for 3 sec, followed by a 1 sec 

pause. The question portion of the stimulus then appeared onscreen for 3 sec, after which 

a crosshair appeared for 1 sec. The target sentences (i.e., the response portions of the 

brief dialogues) were then presented one word at a time, with each word appearing at the 

center of the screen for 300 ms. The interval between the onsets of each word in the 

target sentence was 650 ms. Each word was presented in 45-point Times New Roman 

typeface. Subjects held a small response box in their right hand. By pressing one of the 

buttons on the response box with their right thumb, subjects indicated whether they 

                                                
22 Under the naming convention for electrode caps, the first letter in an electrode name corresponds to the 
lobe of the brain from which it records a signal, while the number denotes its position relative to the 
midline, with odd numbers on the left hemisphere and even numbers on the right (the letter z indicates a 
midline electrode). Thus, Fz is on the midline on the frontal lobe, Oz is on the midline on the occipital lobe, 
Pz is on the midline on the parietal lobe, T7 is on the left hemisphere temporal lobe, etc (Cz is the central 
midline electrode, on the very top of the scalp). 
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thought the target sentences would be acceptable in spoken French. (For an analysis of 

the data gathered from the response box, see the discussion of Experiment 2 in Chapter 

3.) An acceptable sentence was defined for the subjects as “one that they could imagine a 

person saying that would not seem unusual” given the preceding context. 

After 10% of these exchanges, a yes/no question about the contents of the 

preceding image (e.g. “Was the apple in the image red?”) was displayed for 3 seconds, 

during which time the subject pressed a “yes” or “no” button on a response box; this was 

to ensure that the subjects were attentive to the images, and to break up the monotony of 

stimulus repetition. 

Before presentation of stimuli, subjects were given a brief pre-test of vocabulary 

items. Subjects were first asked if they recognized the content words used in the 

experimental stimuli. They were then shown the definitions of the words, followed by 

photographs corresponding to each of the words (these were the same photographs that 

preceded the stimuli during the experiment). This was to ensure that all subjects, 

particularly the low-proficiency L2 subjects, understood the content words in the stimuli 

and were able to recognize the items in the photographs. Subjects were also shown a list 

of 10 decontextualized sentences representative of spoken French (e.g. Où que tu vas? 

‘Where are you going?’, Y a le téléphone qui sonne. ‘The phone’s ringing’, T’as mal au 

genou? Non, c’est mon pied qui me fait mal. ‘Your knee hurts? No, it’s my foot that 

hurts’). Subjects were informed that the experiment was meant to reflect spoken French 

(despite consisting of written sentences), and they were asked to verify that they could 

imagine situations in which these decontextualized example sentences could be spoken, 

despite the fact that they are usually not written. This was intended to counteract the 

influence of normative attitudes toward the written modality, in light of the results of 

Experiment 1 (see Chapter 3). 

Before data was recorded, subjects were shown their EEG on a monitor and they 

were shown how movements of muscles in the face distort the signal. Subjects were 



 144 

instructed to be as still as possible during recording, and were asked not to blink during 

the presentation of the target sentences. Prior to the presentation of stimuli, subjects were 

shown an abbreviated block of practice stimuli, none of which were repeated during data 

collection. 

During data collection, participants were presented with 50 control sentences (6-

1), 50 condition sentences containing an infelicitous IS configuration (6-2), and 100 filler 

sentences (6-3, 6-4).  

 

(6-1) Control (expected IS configuration — informational focus): 

C’est quoi qu’on voit sur la table? 

‘WHAT do we see on the table?’ 

C’est un marteau qu’on voit sur la table. 

‘We see a HAMMER on the table.’ 

 

(6-2) Condition (infelicitous IS configuration): 

C’est quoi qu’on voit sur la table? 

‘WHAT do we see on the table?’ 

#C’est sur la table qu’on voit un marteau. 

‘We see a hammer on the TABLE.’ 

 

In the control and condition sentences, the cleft construction c’est quoi que places 

focus on quoi (‘what’), leading to the expectation that the constituent whose referent is 

co-indexed with quoi will also be in focus in the response. In the control stimuli this is 

the case, as the response contains a felicitous IS configuration (6-1); in the condition 

stimuli, the IS configuration is inappropriate in that it unexpectedly places focus on la 

table (6-2). The information structural configurations of these stimuli are infelicitous in 

the same way as those seen for Anomaly 1 in Experiment 1 (see Chapter 3). 
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Filler sentences were included to prevent the subjects from guessing the true 

nature of the experiment, as well as to elicit ERP data for additional post-hoc analyses. 

Half of the filler sentences contained a target sentence that was identical to that of the 

corresponding control sentence. However, the preceding context was manipulated by 

introducing a choice between two referents, thus making the c’est cleft in the response be 

an instantiation of contrastive focus (6-3).  

 

(6-3) Filler 1 (expected IS configuration — contrastive focus): 

Est-ce que c’est un verre ou un marteau qu’on voit sur la table? 

‘Is is a glass or a hammer that we see on the table?’ 

C’est un marteau qu’on voit sur la table. 

‘We see a HAMMER on the table.’ 

 

The other filler sentences elicited ERPs indexed with the processing of a semantic 

mismatch. Target sentences named an object whose identity conflicted with that of the 

object in the image the subject had just seen (6-4): 

 

(6-4) Filler 2 (expected IS configuration — semantic mismatch): 

C’est quoi qu’on voit sur la table? 

‘WHAT do we see on the table?’ 

*C’est un journal qu’on voit sur la table. 

‘We see a NEWSPAPER on the table.’ 

 

Manipulating the preceding context while keeping the filler target sentences 

identical to control target sentences allows for post-hoc comparisons between the filler 

and control sentences, while simultaneously holding to the Hillyard Principle discussed in 

Chapter 4. This design also follows several of Luck’s (2005b) rules for ERP design, 
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namely, it avoids physical stimulus confounds, maintains equal numbers of trial across 

conditions, and varies experimental conditions within trial blocks rather than between 

blocks (Chapter 4). 

Stimuli were presented in 8 blocks of 25 items. The order of stimuli was 

randomized, and the 8 blocks were presented in different orders between subjects in order 

to minimize list effects. Subjects were given the opportunity to take brief breaks in 

between blocks. During breaks, subjects were offered refreshments in order to counteract 

fatigue; this was a concern because the entire data collection session took an average of 2 

hours (including setup time). At the end of the session, subjects received monetary 

compensation for their participation. 

Despite the fact that the linguistic phenomenon under investigation is found 

primarily in spoken (not written) French, the visual modality was chosen for stimuli 

presentation. This design choice limits the ecological validity of the experiment to a 

certain extent, since the manner in which the stimuli were presented does not reflect the 

manner in which these linguistic constructions are encountered in daily life. However, 

this design choice was beneficial for several reasons. Firstly, by closely replicating the 

methodology followed by Cowles (2003), the conclusions drawn from this study can be 

more accurately compared to her research. Secondly, as a practical concern, the EEG data 

is more easily synchronized with the onset of a visually presented target word than with 

one that is aurally presented. Thirdly, by limiting stimuli to the visual modality, it was 

possible to eliminate L2 learners’ ability to understand spoken French as a potentially 

confounding factor; this was especially important for the low-proficiency L2 learners, 

since low levels of listening proficiency could have impeded their comprehension of the 

stimuli. Finally, photographs were chosen because they reduce the need to provide the 

subjects with elaborate contextual information written via text or auditory presentation. 

An increased amount of context can lead to higher demands on short-term memory, as 

Coulson (2004) describes in relation to some of the ERP studies to date that have 
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involved pragmatics. These studies have looked at subjects’ reactions to jokes or 

anaphora resolution. When the subject interprets a joke or a paragraph involving 

anaphora, a higher load is placed on short-term memory, and many concepts peripheral to 

the IS phenomenon at hand are activated in the subject’s mind. These additional 

activations could be confounding factors that affect the ERP data, and providing limited 

but sufficient visual context reduces these confounding factors. 

 

6.4 ANALYSIS 

 Each target sentence contained a target word around which the continuous EEG 

data was segmented. The target word was sur in the IS condition (6-2) and the indefinite 

article in the c’est cleft (un or une) in the other conditions. These words were chosen as 

the target words for three reasons: 

1) These were the earliest points at which a subject could possibly know if a 

target sentence was going to be anomalous in some way. As soon as he processes the 

sequence c’est sur, a subject anticipating a felicitous response should know (either 

implicitly or explicitly) that the target sentence will conflict with the response he had 

been expecting. 

2) Sur, un and une are all closed-class words of similar length. Closed-class and 

open-class words have been found to elicit slightly different negativities, with closed-

class words eliciting a negativity that is more anterior and open-class words eliciting a 

negativity that is more posterior (Osterhout et al., 2004). However, the same study cites 

evidence that these word-class differences are due to the confounding variable of word 

length. Using these short function words as target words eliminates word class and word 

length as confounding variables; on the other hand, comparisons between sur and long 

content words (e.g. portefeuille) would introduce two sources of error. 

3) Sur, un and une all occur in the same position in the sentence, i.e. when used as 

target words they are all the second word in their respective target sentences. The studies 



 148 

that originally established the major language-related ERP components (e.g. Osterhout & 

Holcomb, 1992) controlled for word position by using sentence-final target words across 

conditions. Later studies have established that a word’s position in a sentence modulates 

the amplitude of the corresponding ERP (Osterhout et al., 1997). By only comparing 

responses to target words that occur in identical positions, this setup avoids introducing 

word position as a confounding factor. 

The continuous EEG data was segmented into epochs from -100 to 1100 ms 

around the presentation of each target word. Baseline correction was applied using the 

average amplitude of the pre-stimulus interval. Waveforms were averaged for each 

subject, and mean amplitude was calculated for two time windows: 300-500 ms and 500-

700 ms post-stimulus. To account for the location of electrodes on the scalp, additional 

factors were created for electrode location in terms of hemisphere (Hemi: left, right, 

midline) and anteriority (Ant: anterior, posterior). Each electrode was assigned 

hemisphere and anteriority values reflecting its position on the scalp. Within-subject 

analyses of variance (ANOVAs) were performed, with mean amplitude as the dependent 

variable and condition as the independent variable (alpha = .05). Greenhouse-Geisser 

corrections were applied to the ANOVAs in cases where they were applicable, i.e. when 

there were two or more degrees of freedom and sphericity could not be assumed; this is 

standard practice in the analysis of ERP data in order to protect against excessive Type I 

errors (Luck, 2005a). Unless stated otherwise, all p values reflect a Greenhouse-Geisser 

correction. The ANOVA analysis concentrated on interaction effects between condition 

and location (hemisphere or anteriority); this is because changes in location are only 

meaningful if they coincide with a change in condition. For a full listing of significant, 

marginal and non-significant effects (including F ratios), see Table 6-2. 

Topographic representations of difference waveforms (IS anomaly condition – 

control) were calculated. Areas shaded blue correspond to increases in negativity, and 

areas shaded red correspond to increases in positivity. 
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No additional filters were applied to the data. 

 

6.4.1 Processing of IS anomalies 

6.4.1.1 L1 speakers 

For the L1 subjects, we observed an increase in negativity in the right posterior 

region of the cortex during the processing of condition sentences in the 300-500 ms 

window, peaking around 400 ms post-stimulus (see Figure 6-1). The interaction between 

condition and hemisphere proved to be marginal, however (p = .055 with Greenhouse-

Geisser correction; p = .027 without correction). This effect was interpreted as an N400 

effect due to its timing (peaking around 400 ms), negativity, and location (right 

posterior). Cowles (2003), Hruska and Alter (2004) and Steinhauer et al. (1999) 

previously observed an N400 with a similar timing and location indexed with the 

processing of information structure anomalies; thus, it is not unreasonable to interpret this 

negativity as an N400. As was also the case for Cowles (2003), these results were only 

marginally significant; the fact that similar negativities have been found to be only 

marginal across several experiments suggests that there may be a high degree of 

variability from subject to subject (perhaps with some subjects exhibiting no negativity at 

all), thus rendering the negativity only marginally significant. Crucially, the right 

posterior localization of the negativity indicates that this is not an LAN, which one would 

expect to see localized in the left hemisphere. 
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Figure 6-1: L1 difference topography and waveforms. 

Positive voltage is plotted below the x-axis. 
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In the 500-700 ms window, there was an increase in positivity during the 

processing of condition sentences peaking around 600 ms post-stimulus. Activity was 

localized in the left and central parietal region, with additional activity in the right frontal 

region (see Figure 6-1). The effect of condition on the EEG data was significant (p = 

.001). I interpret this effect as a P600 due to its timing (peaking around 600 ms), 

positivity, and location (centro-parietal). Magne et al. (2005) observed an increase in 

positivity for the processing of IS mismatch indexed with sentence-medial critical words 

which they interpreted as a P3b component. However, the results from the present study 

differ from those of Magne et al. in that the timing and location of the positivity are much 

closer to that of a prototypical P600. Additionally, Hruska and Alter (2004), Stolterfoht et 

al. (2007) and Steinhauer et al. (1999) found P600s under similar conditions. The 

interpretation of the present results as a P600 effect seems reasonable in light of these 

previous studies. Furthermore, Coulson et al. (1998a & 1998b) have hypothesized that 

the P3 and P600 components are variations of one single component; regardless of 

whether this is in fact the case, the results here are closer to a prototypical P600, and will 

be treated as such. 

The fact that an LAN usually precedes the P600, yet here it is an N400 that 

precedes the P600, gives pause. However, some studies have observed an N400 followed 

by a P600: Stowe and Sabourin (2005) observed this pattern, and Cowles et al. (2007) 

saw the same pattern under experimental conditions very similar to the present study. 

There, they saw evidence of an N400 indexed with focus anomalies, as well as a late 

positivity indexed with the clefted noun in both control and anomalous cases (they 

interpreted this positivity as a P3). 
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6.4.1.2 Low-proficiency L2 speakers 

For the low-proficiency L2 subjects, the difference waveforms and topographical 

maps of the EEG data show evidence of a weak increase in positivity in the left parietal 

region from 400-500 ms post-stimulus (see Figure 6-2). A within-subjects ANOVA for 

the low-proficiency L2 group showed no evidence of an effect of condition on EEG 

responses in the 300-500 ms window. There was marginal evidence of an interaction 

between condition and hemisphere (p = .074; with Greenhouse-Geisser correction, p = 

.106). While the interaction between condition and hemisphere is not significant, I 

hypothesize that any significant peak in positivity under these conditions would be a P3a 

component due to its early timing, more frontal distribution, and separation from the later 

increase in positivity in the 500-700 ms window. When one considers that these subjects 

might not parse the IS condition sentences as anomalous due to the subjects’ low 

proficiency in French, it is reasonable to think their parsers might simply treat them as 

oddball sentences (known to evoke P3 components) instead. 
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Figure 6-2: Low-proficiency L2 difference topography and waveforms. 

Positive voltage is plotted below the x-axis. 
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In the 500-700 ms window, a significant effect of condition was observed (p = 

.016). This effect was seen as a bilateral increase in positivity in the parietal region 

during the processing of condition sentences from 600-700 ms post-stimulus (see Figure 

4-11). A marginal effect of hemisphere was observed (p = .062; with Greenhouse-Geisser 

correction, p =.079), as was a marginal interaction effect between condition and 

anteriority (p = .059). I interpret this positivity as a P3 component (namely, a P3b 

component) constituting a P600. It has the timing and distribution of a P600, but in light 

of the subjects’ low French proficiency, it is reasonable to suspect that the subjects did 

not interpret the IS condition sentences as anomalous, but simply as oddball sentences 

that differed from the control and filler sentences. Additionally, this positivity shares the 

same timing (600-700 ms) and distribution (centro-parietal) as the P3b observed by 

Magne et al. (2005). 

As for the fact that this P3 masquerading as a P600 is not preceded by any 

significant negative component, there is precedent for this: Chow et al. (2007) found that 

low-proficiency learners of English as an L2 displayed a P600 with no preceding 

negativity when presented with syntactic errors. This was true for learners coming from 

both French and Chinese as their L1. 

 

6.4.1.3 High-proficiency L2 speakers 

 There was no significant effect for condition for the high-proficiency L2 speakers 

in the 300-500 ms window (p = .741). The only test of within-subject effects that 

approached significance was the interaction between condition and anteriority (p = .093). 

An examination of the difference topography and waveforms shows a weak right 

posterior negativity followed by a frontal positivity (Figure 6-3). While this negativity is 

not statistically significant, I suspect that its presence hints at the possibility of an N400 

(which are also localized in the right posterior region) in some but not all of the high-
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proficiency subjects. However, further experiments on high-proficiency L2 speakers are 

necessary to support this suspicion. 
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Figure 6-3: High-proficiency L2 difference topography and waveforms. 

Positive voltage is plotted below the x-axis.  
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In the 500-700 ms window, a significant effect of condition was observed (p < 

.001). This effect was seen as a bilateral increase in positivity in the parietal region 

during the processing of condition sentences from 550-700 ms post-stimulus (see Figure 

6-3). A marginal effect of anteriority was observed (p = .061), as was a marginal 

interaction effect between condition and anteriority (p = .077) and between condition and 

hemisphere (p = .065; with Greenhouse-Geisser correction, p =.097). I interpret the main 

effect for condition as suggestive of a P600 effect: The timing, positivity and topography 

all coincide with those seen for the P600. Furthermore, there is an increase in positivity in 

the right frontal region, just as observed for the L1 subjects (but not for the LL2 subjects). 

Again, it is also possible to interpret this P600 as a P3 following Magne et al. (2005). 

Amplitude data for the difference between the control and focus structure 

anomaly condition was calculated and aggregated for all L2 subjects. No correlation 

between amplitude and AoE was found (r = .017, p = .760). 

 

Table 6-2 summarizes the significant and marginal within-subject effects 

observed between the control and IS anomaly sentences. Table 6-3 presents the ERP 

components that were observed across the different time windows and subject groups. 

This table illustrates the similarities between the L1 and high-proficiency L2 groups: 

Both groups showed some evidence of an early negativity interpreted as an N400, 

followed by much stronger evidence of a P600. The low-proficiency group, on the other 

hand, exhibited an increase in positivity throughout, interpreted as a marginal P3a 

component followed by a P3b or P600 component. 
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Factor 
Subject 
group 

Time window 
(ms) p df f 

Condition L1 300-500 0.46 1 0.586 
Condition * HEM L1 300-500 0.055 1.15 4.295 
Condition * ANT L1 300-500 0.526 1 0.43 
Condition L1 500-700 0.001 1 20.429 
Condition * HEM L1 500-700 0.292 1.264 1.267 
Condition * ANT L1 500-700 0.515 1 0.452 
Condition LL2 300-500 0.321 1 1.082 
Condition * HEM LL2 300-500 0.106 1.193 2.938 
Condition * ANT LL2 300-500 0.605 1 0.284 
Condition LL2 500-700 0.016 1 8.067 
Condition * HEM LL2 500-700 0.342 1.218 1.041 
Condition * ANT LL2 500-700 0.059 1 4.45 
Condition HL2 300-500 0.741 1 0.115 
Condition * HEM HL2 300-500 0.66 1.155 0.25 
Condition * ANT HL2 300-500 0.093 1 3.383 
Condition HL2 500-700 < .001 1 59.932 
Condition * HEM HL2 500-700 0.097 1.202 3.095 
Condition * ANT HL2 500-700 0.077 1 3.8 

Table 6-2: ANOVA results 

Summary of significant and marginal within-subjects effects between control and 

condition sentences. COND = control vs. condition; HEMI = hemisphere; ANTER = 

anteriority. Effects in bold are significant or fell just short of significance; see text for 

elaboration. 
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Table 6-3: Summary of ERP components 

Components observed across subjects for the processing of information structure 

anomalies. The N400 displayed by high-proficiency L2 subjects was of marginal 

significance. The P600s displayed by both L2 groups are interpreted as instantiations of 

a P3b component. 

 

Note that there are two possible alternate analyses of the late positivities. It may 

be that the positivities reflect the same ERP effect in all three groups. In other words, it is 

possible that there was a P600 effect observed for all subject groups, or a P3 for all 

subject groups. If the positivity were interpreted as a P600, I propose that it would be an 

index of reanalysis of the target sentence forced by the anomalous focus structure. 

However, for reasons already discussed, I do not believe this was the case for low-

proficiency L2 subjects. Somewhat more likely is the analysis of the positivity seen 
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across all groups as a P3 effect. As previously stated, the P3 component has been 

associated with the processing of oddball stimuli. Stepping back from the linguistic 

nature of the stimuli in Experiment 3, we can treat the experiment as a target detection 

task. In 25% of the stimuli, there was a focus structure anomaly, but in the other 75% of 

the stimuli there was not. It is possible that the inappropriate use of the syntactic 

construction had no effect on the process of parsing the sentence; rather, these sentences 

were merely different due to their relative infrequency, and the subjects therefore treated 

them as visual targets to be detected. If this were the case, then all three subject groups 

would have exhibited a P3 effect indexed with this target detection task. While this is 

possible, I consider it the least likely explanation in light of the linguistic nature of the 

stimuli and the previously established link between the reanalysis of syntactically 

anomalous sentences and the P600. 

Finally, these results tie into what has historically been one of the primary 

research questions of psycholinguistic investigations of processing: What is the relative 

timing of different processing components in the grammar? Bock and Mazzella (1983) 

employed a psycholinguistic approach to examine speed of processing across varying 

conditions of accent placement in English. They found that the placement of accent on 

new information resulted in faster comprehension times (around 200 ms) than when there 

was a mismatch between accent and focus (from approximately 220 to 400 ms). This 

suggests that focus marking is processed relatively early in the time course of the 

sentence parse. ERP studies such as those by Van Berkum and colleagues (e.g. Van 

Berkum et al., in press) have manipulated contextual information (such as the identity of 

the speaker, expectations about the beliefs of the speaker, and local discourse context) to 

determine when semantic errors are reflected in processing signatures; negativities 

indexed with the processing of semantic anomalies have been observed as early as 200 

ms post-stimulus. This is earlier than the processing of syntactic anomalies, which is 

indexed with the P600 around 600 ms post-stimulus. The findings of Experiment 3 
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suggest that, in native and high-proficiency L2 speakers, the processing of focus structure 

anomalies occurs in two stages: the early stage, in which the sentence is parsed as 

anomalous in terms of referents (indexed with the same N400 seen for semantic 

anomalies), and the late stage, in which the parse of the sentence is updated and 

reanalyzed (indexed with a positivity similar to the P600 seen for the processing of 

syntactic anomalies). 

 

6.4.2 Contrastive versus informational focus 

 Additional analyses were conducted to compare the electrophysiological 

responses indexed with the processing of informational and contrastive focus. For these 

analyses, mean amplitude data indexed with the control sentences (6-1) and mean 

amplitude data indexed with the contrastive focus filler sentences (6-3) were compared in 

repeated-measures ANOVAs. 

 For the L1 subjects, a widespread increase in negativity was observed for the 

processing of contrastive focus versus informational focus (Figure 6-4). A significant 

effect of condition was found (p = .003) in the 300-500 ms time window. In the 500-700 

ms time window, no significant effect of condition was observed (p = .174). 
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Figure 6-4: L1 waveforms for informational and contrastive focus. 

Positive voltage is plotted below the x-axis. 
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For the low-proficiency L2 subjects, there was a weak widespread increase in 

negativity observed for the processing of contrastive focus in the 300-500 ms time 

window (Figure 6-5). However, the effect of condition between the informational and 

contrastive focus items was not significant (p = .126). In the 500-700 ms time window, 

the effect of condition was also found to be non-significant (p = .794). 
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Figure 6-5: Low-proficiency L2 waveforms for informational and contrastive focus. 

Positive voltage is plotted below the x-axis. 
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 For the high-proficiency L2 subjects, a posterior increase in negativity was 

observed for the processing of contrastive focus in the 300-500 ms time window (Figure 

6-6). The effect of condition was significant (p = .013), as was the interaction of 

condition and anteriority (p = .028). The posterior increase in negativity continued into 

the 500-700 ms window, where the effect of condition (p = .049) and the interaction of 

condition and anteriority (p = .006) were again significant. 
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Figure 6-6: High-proficiency L2 waveforms for informational and contrastive focus. 

Positive voltage is plotted below the x-axis. 



 167 

 

The results for the L1 and high-proficiency L2 group bear some resemblance to 

those of Cowles (2003), who found an anterior negativity for the processing of 

contrastive focus relative to the informational focus condition. Cowles attributed the 

negativity to an increased load on subjects’ working memory, caused by the need to keep 

all members of the contrast set active in working memory; this seems to be a reasonable 

explanation for the current data set as well. However, there are some noticeable 

differences from Cowles’ results: Here the negativity observed in the high-proficiency L2 

group was posterior, unlike the anterior negativity she observed. Additionally, no 

statistically significant positivity was observed in any of the subject groups, as opposed to 

the late positivity Cowles observed.  

There is also the question of L1 vs. L2 differences. If the negativity is in fact due 

to an increased load on working memory, it is unclear why the low-proficiency L2 group 

did not exhibit a negativity, as their working memory should have had the same load 

placed on it as was the case for the L1 and high-proficiency L2 speakers. While it is not 

surprising that the low-proficiency group exhibited ERP signatures that were different 

from those of the native and high-proficiency speakers, it is unclear why their working 

memory should have a lighter load placed on it. I hypothesize that their non-nativelike 

processing signatures are due to a shallow parse of the context and target sentences. 

According to Clahsen and Felser’s (2006b) Shallow Structure Hypothesis, lower-

proficiency L2 speakers make use of a parser that relies on local dependencies and lexical 

semantics, as opposed to long-distance dependencies. I speculate that the low-proficiency 

subjects in the present study employed parsers that simply did not keep the full contrast 

set in working memory, perhaps because processing resources were diverted elsewhere. 

Without the additional referents in working memory, the load on working memory was 

low enough that no significant effect for condition was observed. 
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6.4.3 Analysis of subgroups based on behavioral evidence 

 Chapter 3 discussed the results of the behavioral task (Experiment 2) conducted in 

conjunction with the data collection of Experiment 3. As previously noted, all three 

subject groups displayed a bimodal distribution of acceptable/unacceptable judgments of 

the IS anomaly sentences. Individual subjects either judged all anomalies as 

unacceptable, or else they incorrectly judged them all as acceptable. To shed light on the 

reason for these bimodal distributions, an analysis of ERP data was conducted taking the 

behavioral evidence into account. Each subject group was divided into two subgroups: 

one consisting of subjects who responded accurately to the IS anomaly judgment task, 

and another consisting of subjects who judged the same anomalies inaccurately.23 

 Univariate ANOVAs were conducted to look for differences between the correct 

and incorrect responder subject groups; the dependent variable was the mean amplitude 

of the waveforms reflecting the difference between the control and IS condition (See 

Table 6-4). One major caveat is that the utility of such ANOVAs is limited due to the 

small size (and therefore, lack of normal distribution) of the subgroups — the largest 

subgroup had only six members. However, until further research can be conducted with a 

larger group of participants, this is the most useful means of quantifying differences 

between the responders. 

                                                
23 Two of the L2 subjects in the behavioral analysis of Experiment 2 provided electrophysiological data 
that was unusable for technical reasons. In the ERP analysis of behavioral subgroups in section 6.4.3, the 
unusable ERP data for these subjects has been replaced with usable ERP data from two additional subjects 
who displayed the same behavioral tendencies. A low-proficiency L2 subject (AoE = 7) replaced another 
low-proficiency L2 subject (AoE = 12), and a high-proficiency L2 subject (AoE = 10) replaced another 
high-proficiency L2 subject (AoE = 18). 
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Factor Subject 
group 

Time window 
(ms) p df f 

Subgroup L1 300-500 0.733 1 0.193 
Subgroup * HEM L1 300-500 0.357 2 1.804 
Subgroup * ANT L1 300-500 0.036 1 19.248 
Subgroup L1 500-700 0.669 1 22.999 
Subgroup * HEM L1 500-700 0.995 2 0.005 
Subgroup * ANT L1 500-700 0.331 1 1.549 
Subgroup LL2 300-500 0.164 1 9.023 
Subgroup * HEM LL2 300-500 0.254 2 2.937 
Subgroup * ANT LL2 300-500 0.033 1 11.818 
Subgroup LL2 500-700 0.064 1 32.57 
Subgroup * HEM LL2 500-700 0.189 2 4.28 
Subgroup * ANT LL2 500-700 0.026 1 12.146 
Subgroup HL2 300-500 0.352 1 1.517 
Subgroup * HEM HL2 300-500 0.037 2 26.082 
Subgroup * ANT HL2 300-500 0.921 1 0.01 
Subgroup HL2 500-700 0.509 1 0.653 
Subgroup * HEM HL2 500-700 0.105 2 8.564 
Subgroup * ANT HL2 500-700 0.464 1 0.715 

 

Table 6-4: Summary of ANOVA tests of effects between correct and incorrect responder 
subgroups. 

Significant effects are in bold. Subgroup = correct vs. incorrect responders; HEM 

= hemisphere; ANTER = anteriority; LL2 = low-proficiency L2; HL2 = high-proficiency 

L2 

 

The quantitative analysis of the L1 subgroups shows a significant interaction 

between anteriority and subgroup in the 300-500 ms time window (p = .036, df = 1, f = 

19.248), and no significant effects in the 500-70 ms time window. An inspection of the 

topographic distribution of the ERPs shows a right anterior and posterior negativity from 

400-500 ms for the correct responders; for incorrect responders, there was a left posterior 

negativity in the same window (Figure 6-7). 
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Figure 6-7: L1 topography for behavioral subgroups 

Topographic representations of difference waveforms (IS anomaly condition – 

control) for L1 subjects who responded correctly (left) and incorrectly (right) on 

acceptability judgment task. Blue = negative voltage, red = positive voltage. 

 

For the low-proficiency L2 subgroups, there was a significant interaction between 

anteriority and subgroup in the 300-500 ms window (p = .033, df = 1, f = 11.818), and a 

marginal effect for subgroup (p = .064, df = 1, f = 32.57) and a significant interaction 

between anteriority and subgroup (p = .026, df = 1, f = 12.146) in the 500-700 ms 

window (Figure 6-8). This was seen as an increased anterior positivity for the correct 

responders in both the 300-500 ms and 500-700 ms time windows. 
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Figure 6-8: Low-proficiency L2 topography for behavioral subgroups 

Topographic representations of difference waveforms (IS anomaly condition – 

control) for low-proficiency L2 subjects who responded correctly (left) and incorrectly 

(right) on acceptability judgment task. Blue = negative voltage, red = positive voltage. 

 

For the high-proficiency L2 subgroups, a significant interaction between 

hemisphere and subgroup (p = .037, df = 2, f = 26.082) was observed in the 300-500 ms 

window; no significant effects were seen in the 500-700 ms window (Figure 6-9). This 

was seen as an increase in positivity in the left hemisphere for incorrect responders. 
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Figure 6-9: High-proficiency L2 topography for behavioral subgroups 

Topographic representations of difference waveforms (IS anomaly condition – 

control) for high-proficiency L2 subjects who responded correctly (left) and incorrectly 

(right) on acceptability judgment task. Blue = negative voltage, red = positive voltage. 

 

The fact that correct and incorrect responders exhibited different 

electrophysiological correlates for the processing of IS anomalies suggests the possibility 

of differences in processing. It may be, for example, that the L1 subjects who accurately 

judged the anomaly sentences to be unacceptable processed the sentences in ways similar 

to how they would process truth-value errors (hence the similarity of their processing 

signatures to the N400 component), whereas the subgroup that inaccurately judged the 

anomalies showed processing signatures closer to the LAN component associated with 

syntactic anomalies. Similarly, the high-proficiency L2 subjects who accurately judged 

the stimuli did not exhibit the same increase in positivity seen among subjects who 
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judged the same anomalies inaccurately; this suggests that the correct responders 

exhibited processing signatures that approximated those seen among correct-responding 

L1 subjects, while the signatures of the incorrect responders were dissimilar in location 

and polarity from those of L1 subjects. Notably, this implies that different segments of 

these populations use different processing techniques when presented with IS anomalies. 

(This is independent from the question of how they process IS under felicitous 

conditions.) Unfortunately, the small sizes of these subgroups make it impossible to draw 

any strong conclusions from these results, and further studies would need to be done in 

which subjects’ behavioral tendencies were taken into account when recruiting subjects 

for the recording of electrophysiological data. 

 

6.5 CONCLUSION 

As described in section 6.1, three hypotheses were formulated regarding the ERP 

signatures indexed with the processing of information structure anomalies, restated here: 

Hypothesis 1: French L1s will show a biphasic pattern of early negativity and late 

positivity for sentences where the IS anomaly does not lead to an erroneous semantic 

representation but is simply an inappropriate use of a syntactic construction. 

Hypothesis 2: For the same anomalies, low-proficiency L2 subjects will show an 

N400 signature. 

Hypothesis 3: High-proficiency L2 subjects will show a weakened version of the 

P600 for the same anomalies. 

Several findings act as evidence in support of Hypothesis 1. First, marginal 

evidence was found of an early negativity in L1 subjects. Rather than being localized in 

the left hemisphere as one would expect for an LAN, this negativity was strongest in the 

right hemisphere, leading me to classify it as an N400. It was followed by a prototypical 

P600. 
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Based on the increase in positivity in both time windows for low-proficiency L2 

subjects, we must reject Hypothesis 2. While there was no evidence of an N400, the 

information structure anomalies did elicit a late positivity. This positivity resembled a 

P600; however, I interpret it as a P3 component (previously linked with the processing of 

oddball stimuli) masquerading as a P600. I interpret this as evidence that low-proficiency 

speakers’ acquisition of L2 information structure is at an early enough stage that the IS 

anomalies were not parsed as errors in information structure or syntax, but merely as 

oddball sentences. 

Finally, evidence was found in support of Hypothesis 3 in the form of a P600 

effect indexed with the processing of IS anomalies among high-proficiency subjects. 

Additionally, a comparison of the informational focus and contrastive focus target 

sentences revealed an increase in negativity indexed with contrastive focus for the L1 and 

high-proficiency L2 subjects, but no significant difference for the low-proficiency 

learners. I interpret this as evidence that the low-proficiency learners conduct a shallow 

parse of the context and target sentences, to the extent that they do not take these 

differences in information structure into account during processing. 

While these results diverge in some ways from the findings of Cowles (2003), a 

look at Figure 5-1 serves as a reminder that the results of previous electrophysiological 

studies of information structure have been anything but uniform. In Chapter 7, I conclude 

this dissertation by discussing how these results fit into the existing body of IS research, 

and what implications this poses for our theories of information structure, language 

processing, and language acquisition. 
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Chapter 7: Summary of results and conclusions 

 

As stated in Chapter 1, the goal of this dissertation was to address two research 

questions: 1) What do the acquisition and processing of information structure tell us 

about the acquisition and processing of language in general, and 2) What do the 

acquisition and processing of information structure tell us about the nature of information 

structure as a syntactic and pragmatic phenomenon? These two research questions are 

effectively two sides of the same coin, and by conducting behavioral and 

electrophysiological experiments that manipulated the information structure of stimuli 

presented to native-speaking and L2 learner subjects, I have attempted to draw 

conclusions relevant to both questions. 

This chapter is organized as follows: Section 7.1 recaps the most important 

theoretical concepts of information structure, age effects and electrophysiological 

research used in this dissertation. It also restates the major findings from the three 

experiments that make up this dissertation. Section 7.2 relates these findings to the first 

research question (“What do the acquisition and processing of information structure tell 

us about the acquisition and processing of language in general?”), and discusses this 

dissertation’s implications for what we know about language acquisition and processing. 

Section 7.3 relates the experimental findings to the second research question (“What do 

the acquisition and processing of information structure tell us about the nature of 

information structure as a syntactic and pragmatic phenomenon?”). Finally, Section 7.4 

presents future avenues of research on this topic. 
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7.1 SUMMARY OF CONCEPTS AND FINDINGS 

In Chapter 2, the fundamentals of information structure were defined, including 

the notions of topic (what the sentence is “about”) and focus (in Lambrecht’s terms, the 

proposition that makes the assertion differ from the presupposition). I adopted a 

theoretical framework for the analysis of information structure on the sentence level, 

stipulating that the processing of information structure takes place on a level separate 

from syntactic and semantic processing. Cowles (2003) proposed that under such a 

model, it should follow that information structure influences mental states independently 

of syntax and semantics, and that electrophysiological evidence for different mental states 

corresponding to different information structure should be observable in an experimental 

setting when information structure is manipulated and syntax and semantics are held 

constant. Chapter 2 also presented several syntactic constructions used to communicate 

information structure in French, e.g. secondary predication constructions (c’est cleft, il y 

a secondary predication) and dislocation. 

Chapter 3 addressed the age factor in second language acquisition. I first 

examined the possible causes for a decrease in language learning capacity with an 

increase in age. Possible sources of age effects include neurobiological and 

neurocognitive changes, cognitive development, and L1 entrenchment. I then explored 

the possibility of a critical period for second language acquisition, and adopted Johnson 

and Newport’s (1989) formulation of the critical period hypothesis as the specific version 

of the critical period hypothesis to investigate. This formulation of the critical period 

requires: 1) no nativelike acquisition among late-AoA L2 learners; 2) an eventual 

flattening of the AoA-performance relationship; 3) discontinuities in the age function at 

the beginning and end of puberty. Evidence was presented both for (e.g. Johnson & 

Newport, 1989) and against (e.g. Birdsong & Molis, 2001) the existence of this kind of 

critical period. 
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Two behavioral experiments were conducted to assess the effect of age of arrival 

and age of exposure on the L2 acquisition of information structure. In Experiment 1, 

participants judged the acceptability of written French sentences. The stimuli were 

constructed so that half contained anomalous information structure, while the other half 

were felicitous. Subjects were native speakers of French and end-state L2 speakers of 

French (English L1). The distribution of judgment task scores among the L2 subjects 

showed a negative correlation between AoA and task scores that fell just short of 

significance (r = -.460, p = .063). When these scores were disaggregated into subgroups 

for early and late arrivals in the L2 environment, there was no sign of the discontinuities 

and flattening predicted by the Johnson and Newport formulation of the critical period 

hypothesis. (For the AoA < 20 group, r = -.168 and p = .719; for the AoA ≥ 20 group, r = 

.095 and p = .793). Correlations between performance and L2 subjects’ self-ratings of 

proficiency were calculated. All measures of self-assessment showed statistically 

significant, though weak, correlations with performance. Pearson product-moment 

correlations for self-ratings of vocabulary (r = .338, p = .001), syntax (r = .223, p = .029), 

and pronunciation (r = .414, p < .001) indicate that there is a relationship between an L2 

learner’s self-assessed proficiency and their actual proficiency in the area of information 

structure. 

The presence of nativelike L2 performance, coupled with a lack of the 

discontinuities and flattening in age effects predicted by Johnson and Newport (1989), 

suggests that acquisition of the ability to judge information structure in the L2 is not 

constrained by a critical period. However, several of the results from Experiment 1 were 

inconclusive, i.e. the small number of subjects made it difficult to interpret the 

disaggregate data, and several subjects suggested that normative attitudes towards some 

of the stimuli influenced their performance on the task, with stimuli for Anomalies 2 and 

3 causing notable difficulties for some subjects. These results warranted a follow-up 

investigation. 
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Experiment 2 consisted of a similar acceptability judgment task; this experiment 

was run in conjunction with the electrophysiological data collection of Experiment 3. 

Native speakers and low- and high-proficiency L2 speakers of French judged the 

acceptability of felicitous and anomalous sentences. L2 speakers in the two proficiency 

groups were matched for age of exposure to the target language. Individuals in all three 

subject groups overwhelmingly made accurate judgments for stimuli that were felicitous 

or that contained a semantic mismatch. However, for sentences containing information 

structure anomalies, the L1 subject group judged 47.3% of these anomalies accurately, 

the low-proficiency L2 subject group judged 24.9% accurately, and the high-proficiency 

L2 subject group judged 53% accurately. An examination of subjects’ responses revealed 

that individuals demonstrated a tendency to make uniform judgments of these stimuli: 

Each individual either accurately judged all information structure anomalies as 

unacceptable, or inaccurately judged them all as acceptable. When the corresponding 

electrophysiological data was examined after separating subjects into subgroups based on 

behavioral performance, there was evidence for differences in electrophysiological 

activity corresponding to the divergent behavior on the judgment task. There was no 

correlation observed between AoE and score on the anomalous IS judgment task (r = -

.469, p = .124 for low-proficiency subjects, r = .157, p = .625 for high-proficiency 

subjects, and r = -.141, p = .511 for the two L2 groups combined), nor was there a 

correlation between judgment task scores and subjects’ averaged speaking, reading, 

listening and pronunciation self-ratings (r = .077, p = .720). I propose that the reason for 

the variability in subjects’ responses is that, for some speakers, the target sentence’s 

referentiality and truth value overshadowed the information structure of the preceding 

context during the judgment task (see below for further discussion). 

Chapter 4 explained the physiological underpinnings of the ERP technique, and 

introduced the previously established N400, P600 and LAN components. Chapter 5 

presented a review of the ERP literature pertaining to L2 acquisition, as well as the major 



 179 

ERP studies to date that have looked at information structure. It was clear from this 

survey of previous findings that there is no obvious consensus as to which ERP 

components are associated with the processing of information structure. Indeed, under 

slightly different experimental conditions, increased positivities, increased negativities, 

and biphasic patterns of negativity followed by positivity have all been observed (see 

Figure 5-1 for a summary of these sometimes contradictory findings). 

The ERP experiment detailed in Chapter 6 adds to this body of work. In this 

experiment, I analyzed the electrophysiological data recorded during the presentation of 

stimuli during the judgment task of Experiment 2. Three hypotheses were formulated 

regarding the ERP signatures indexed with the processing of information structure 

anomalies: 

Hypothesis 1: French L1s will show a biphasic pattern of early negativity and late 

positivity (the P600 pattern found in previous research to be associated with syntactic 

errors) for sentences where the IS anomaly does not lead to an erroneous semantic 

representation but is simply an inappropriate use of a syntactic construction. 

Hypothesis 2: For the same anomalies, low-proficiency L2 subjects will show an 

N400 signature. 

Hypothesis 3: High-proficiency L2 subjects will show a weakened version of the 

P600 for the same anomalies. 

The results of the experiment supported Hypothesis 1: Marginal evidence was 

found of an early negativity displaying characteristics of an N400 in L1 subjects, 

followed by a prototypical P600. Hypothesis 2 was not supported: In low-proficiency L2 

subjects, a P600 component was seen (which I interpret as actually reflecting a P3 

component, previously linked with the processing of oddball stimuli). I take this as 

evidence that low-proficiency speakers’ acquisition of L2 information structure is at an 

early enough stage that the IS anomalies were not parsed as errors in information 

structure or syntax, but merely as oddball sentences. Finally, evidence was found in 
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support of Hypothesis 3 in the form of a P600 effect indexed with the processing of IS 

anomalies among high-proficiency subjects. 

Additionally, a comparison of the informational focus and contrastive focus target 

sentences showed an increase in negativity for the processing of contrastive focus in L1 

and high-proficiency L2 subjects, but no significant difference for the low-proficiency L2 

subjects. Li et al. (2008) concluded that the N400 is caused by an increase in semantic 

integration load, not by semantic anomalies. Following this, I suggest that the increase in 

negativity for contrastive focus is due to a greater semantic integration load than for the 

processing of informational focus. I interpret the lack of a significant negativity in low-

proficiency L2 subjects as evidence that the low-proficiency learners conduct a shallow 

parse of the context and target sentences, to the extent that they do not take these 

differences in information structure into account during processing. 

 

Returning to our two major research questions, what do these findings tell us 

about the acquisition and processing of language? And what do they tell us about 

information structure? 

 

7.2 RELEVANCE TO LANGUAGE ACQUISITION AND PROCESSING 

The behavioral and electrophysiological evidence presented above lead us to 

several conclusions about language acquisition and processing. 

 

7.2.1 Behavioral evidence 

 The two behavioral experiments provide little information about the nature of 

language processing, but they do tell us much about the way age of arrival and age of 

exposure impact a learner’s eventual ability to perform judgment tasks in the L2. The 

negative correlation between AoA and task performance observed in Experiment 1 is 
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consistent with nearly every other study of age effects. More controversial, perhaps, is the 

conclusion that the acquisition of information structure is not subject to a critical period. 

However, with studies like Birdsong and Molis (2001) having already cast significant 

doubt on the existence of strong versions of the critical period such as that hypothesized 

by Johnson and Newport (1989), it is no longer taken for granted that all aspects of 

language acquisition are constrained by critical periods. It is no coincidence that more 

recent works, such as that of Hyltenstam and Abrahamsson (2003), refer to “sensitive 

periods” or “maturational periods” in less-strong formulations of the critical period 

hypothesis. 

More interesting than the refutation of the critical period hypothesis for the L2 

acquisition of information structure is the finding that information structure is acquired at 

all. Experiment 2 examined low- and high-proficiency L2 learners, and significant 

differences were observed in their performance on an information structure judgment 

task. If information structure were strictly a general cognitive capacity, and were in no 

way language-specific, no differences should have been seen between these groups. 

Likewise, the high degree of nativelike behavior in Experiment 1 cannot be due strictly to 

transfer from the L1, because if transfer were the sole source of learners’ L2 information 

structure capacity, then the low-proficiency subjects in Experiment 2 should have fared 

better than they did. This is not to say that L1 transfer does not play a role in the 

acquisition of information structure; given the existence of cleft constructions in English, 

it is extremely likely that L2 learners receive some benefit from having English as an L1. 

I hypothesize that the more advanced L2 learners (i.e. the L2 subjects in Experiment 1; 

the high-proficiency L2 subjects in Experiment 2) benefitted a great deal from L1 transfer 

from English, but the low-proficiency learners in Experiment 2 were still at a low enough 

level of proficiency that concepts of topic and focus were not yet being processed. 

Rather, all processing resources were devoted to a shallow parse of the syntax and the 

processing of the referentiality and truth value of the sentence. 
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Finally, the fact that the high-proficiency L2 subjects in Experiments 1 and 2 

displayed a high degree of nativelike behavior is noteworthy in the context of applied 

linguistics. The finding that L2 learners can make judgments of information structure at a 

nativelike level has implications for classroom instruction. Instructors should be aware 

that students do have the ability to eventually master this aspect of L2 French, and should 

take the syntactic constructions used to communicate topic and focus relations (e.g. the 

c’est cleft) into account when preparing and presenting course materials. 

 

7.2.2 Electrophysiological evidence 

The ERP signatures observed in the electrophysiological study are significant in 

and of themselves, as they add to the body of knowledge pertaining to the ERP signatures 

seen under various experimental conditions. Much more importantly, however, they 

illustrate the differences in processing between low-proficiency L2, high-proficiency L2, 

and native speakers. We saw that native speaker subjects displayed an N400 followed by 

a P600 for the processing of information structure anomalies. High-proficiency L2 

subjects showed evidence of a similar processing signature — they displayed a weak 

right posterior negativity that fell just short of statistical significance, followed by a late 

increase in positivity. Low-proficiency L2 subjects shared the late positivity but diverged 

from the other subjects in the earlier time window, suggesting that low-proficiency 

subjects process information structure anomalies in a way that is similar but not identical 

to the way native speakers and advanced L2 learners process the same anomalies. This 

finding is compatible with the results of many other ERP studies of native and advanced 

L2 speakers; in particular, the results are almost identical to those of Chow et al. (2007). 
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7.3 RELEVANCE TO INFORMATION STRUCTURE 

 The ERP signatures observed for the high-proficiency L2 and native speaker 

subjects in Experiment 3 are very similar to the N400 and P600 components previously 

linked to the processing of semantic and syntactic errors. I interpret this as evidence that 

the processing of information structure anomalies has its basis in the systems that process 

syntax and semantics. This is compatible with the theoretical framework for information 

structure we adopted, following Cowles (2003) and Lambrecht (1994), which stated that 

information structure is related to syntax and semantics but processed on a separate level. 

I suggest that the level at which French information structure processing takes place 

relies on syntax and semantics more or less equally — syntax for the parsing of the 

syntactic constructions used to communicate topic and focus roles, and semantics to 

interpret information structure in terms of truth value and referentiality. 

The bimodal distribution of the judgment task responses in Experiment 2 leads us 

to what is potentially the most intriguing finding of this dissertation: For some subjects, 

the truth value of a sentence appears to take precedent over focus structure when judging 

acceptability, but for other subjects the reverse is true. This was observed not only in the 

behavioral data for native and advanced L2 speakers, but in the electrophysiological data 

as well: subjects who judged stimuli based on truth value exhibited different 

electrophysiological signatures from subjects who judged the same stimuli based on 

focus structure. The divergent data for these two subsections of these populations is 

striking, and suggests that different segments of these populations use different 

processing techniques when presented with IS anomalies. How and why would this be the 

case? I propose that some other factor affects the processing of information structure by 

causing either the syntactic or semantic processing system to take on a heavier processing 

load in a given subject. 

I speculate that Ullman’s Declarative-Procedural model might shed light on the 

cause of these differences. Recent studies regarding the DP model have provided 
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evidence that women rely on a system of associative declarative memory (in which 

lexical items are stored as whole units) more than men, who make greater use of a 

procedural system of memory (Ullman, in press; Estabrooke et al., 2002; Maki & 

Resnick, 2000). Parallels have been drawn between declarative memory and 

referentiality, and between procedural memory and syntax. It is not yet known exactly 

how much overlap there is between declarative memory and the general mechanism for 

processing referentiality, and between procedural memory and the general mechanism for 

processing syntax; however, if there is significant overlap, then I would argue that 

information structure must be served by both the declarative and procedural subsystems. 

Given that sex differences have been shown to lead to differences in processing of 

morphosyntax, it is possible that sex differences lead to differences in the processing of 

information structure as well. In Experiment 2, the accurate responders were evenly split 

between men and women (3 men, 3 women in both the native speaker and high-

proficiency groups), and the inaccurate responders were mostly women (6 women 

inaccurate responders in the high-proficiency L2 group; 5 women and 1 man in the native 

speaker group). Since the design of this experiment did not attempt to balance the number 

of male and female subjects, it is not possible to draw strong conclusions from these 

findings. Additional studies should explicitly examine whether sex differences exist in 

the processing of information structure anomalies. 

Taken together, the results of the experiments in this dissertation indicate that the 

processing of information structure anomalies has features in common with both 

syntactic and semantic processing, and that there are between-subject differences in the 

way information structure is processed. 

 

7.4 FUTURE RESEARCH 

As stated above, further studies clarifying the nature of between-subject 

differences in information structure are warranted. For ERP studies, I propose using pre-
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tests of judgment task ability in order to separate subjects into accurate and inaccurate 

responder groups before data is recorded. With large enough subject groups (a minimum 

of 12 subjects per responder group), it would be viable to compare electrophysiological 

data between responder groups; this would clarify what electrophysiological differences 

correspond to differences in judgment task behavior. As a practical concern, the 

population under investigation should be limited to either native speakers or advanced L2 

speakers. 

In future studies, balancing the number of men and women would allow for 

investigation into whether sex differences correspond to behavioral or 

electrophysiological differences in the judgment of information structure anomalies. As 

Ullman and colleagues are presently active in investigating sex differences and the 

Declarative-Procedural model of language, this kind of study has the potential to mesh 

well with ongoing research. 

While Experiment 3 examined the timing and location of the ERP signatures 

indexed with processing information structure, it did not directly examine the ease or 

speed of processing. A reaction time study relating to information structure is currently 

underway (Reichle & Destruel, forthcoming). In this study, we are measuring native 

speakers’ reaction times when asked to identify a target word in sentences of varying 

information structure. We hypothesize that information structure exists to facilitate 

communication; it should follow that sentences with a felicitous marking of topic and 

focus relations should be the easiest to process, and subjects should exhibit the shortest 

reaction times when identifying target words in such sentences. Target sentences that are 

unmarked for topic and focus relations, and target sentences containing an infelicitous 

assignment of topic or focus roles, should be more difficult to process, and therefore be 

associated with longer reaction times. This experiment is still in progress. 
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The findings of this dissertation have, on the one hand, greatly clarified the 

behavior and ERP signatures associated with the processing of information structure 

anomalies in both native and L2 speakers of French. At the same time, we must now 

address new questions about information structure: What is the source of between-

subjects differences in information structure processing? To what extent are the 

subsystems of the Declarative-Procedural model of language responsible for processing 

information structure? What is the precise role of L1 transfer in the acquisition of L2 

information structure? How does the information structure of a target sentence affect the 

ease and speed of processing? My hope is that this dissertation has provided a 

springboard from which further investigation into these topics can continue. 
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Appendix 1: Stimuli for Experiment 1 
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Appendix 2: Experiment 1 questionnaire 

Questionnaire biographique 
 
Vos réponses seront anonymes durant le projet. 
 
Nom : 
 
E-mail : 
 
Age : 
 
Sexe :  M F 
 
Lieu de naissance : 
 
Quel(s) pays avez-vous habité(s), et pendant quelles années ? 
 
Quelle est votre langue maternelle ? 
 
Quelle est votre langue principale actuellement ? 
 
Quel pourcentage du temps est-ce que vous le parlez … 
 
… au travail ? 
… avec les membres de votre famille ? 
… avec des amis ? 
 
Quel pourcentage du temps est-ce que vous l’écoutez … 
 
… au travail ? 
… avec les membres de votre famille ? 
… avec des amis ? 
 
Quelles autres langues est-ce que vous parlez ? 
 
Sur une échelle de 1 à 10, évaluez votre connaissance du français : 
 
1 2 3 4 5 6 7 8 9 10 
 
Autres commentaires : 
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Biographical questionnaire 
 
Your responses will remain anonymous for the duration of the project. 
 
Name: 
 
E-mail : 
 
Age : 
 
Sex :  M F 
 
Place of birth: 
 
Which countries have you lived in, and during what years? 
 
What is your first language? 
 
Currently, which language do you chiefly use? 
 
What percentage of the time do you speak it … 
 
… at work? 
… at home? 
… in your social life? 
 
What percentage of the time do you listen to it … 
 
… at work? 
… at home? 
… in your social life? 
 
 
What other languages do you speak? 
 
On a scale of 1 to 10, rank your knowledge of French: 
 
1 2 3 4 5 6 7 8 9 10 
 
Other comments: 
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Appendix 3: Stimuli for Experiments 2 and 3 
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Distracter questions (translated from French) 
 
Was the apple red? 
Do you recognize this film? 
Did you recognize this brand of cookie? 
Do you wear this kind of hat at work? 
Do you use this tool often? 
Was this an animal you see on a farm? 
Was it an ugly flip-flop? 
Do you like to eat eggs? 
Do you drink tea? 
Do you read the newspaper? 
Have you ever seen this animal? 
Was this a tool used for eating? 
Was it a desktop computer? 
Was the cat black? 
Were there diamonds on the card? 
Was it a chocolate candy? 
Was it a big candle? 
Did you recognize this book? 
Was there liquid in the bottle? 
Was this something that people eat at breakfast?
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Appendix 4: Biographical questionnaire for Experiments 2 and 3 

Biographical questionnaire 
 
This questionnaire concerns your language experience over the course of your lifetime.  Feel 
free to elaborate where you think it would be helpful to our study.  If there are questions 
you prefer not to answer, please feel free to skip them.   
 
All responses are confidential.  Your name, telephone number, and email address will be 
useful in case we need follow-up information but will be shared with no one.   
 
THANK YOU FOR YOUR PARTICIPATION! 
 
Today’s date: ________________________________________________________________ 

Name:  _____________________________________________________________________ 

Date of birth:  ________________________________________________________________ 

Place of birth: ________________________________________________________________ 

Email: ______________________________________________________________________ 

Telephone number: ____________________________________________________________    

Gender: M____  F____ 

 
 

1) Please list all languages that you speak in order of acquisition (native language first).   
 

1. __________________________________________________________ 

2. __________________________________________________________ 

3. __________________________________________________________ 

4. __________________________________________________________ 

5. __________________________________________________________ 
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2) At what age did you start learning each language? 
 

1. __________________________________________________________ 

2. __________________________________________________________ 

3. __________________________________________________________ 

4. __________________________________________________________ 

5. __________________________________________________________ 

 
 
3)  Please give the percentage of time that you are currently and on average exposed to each of 
your languages.  (Your percentages should add up to 100%.) 
 
 
 
 
4)  Please give the percentage of time that you currently use each of your languages at work.  
(Your percentages should add up to 100%.) 
 
 
 
 
5)  Please give the percentage of time that you currently use each of your languages at home.  
(Your percentages should add up to 100%.) 
 
 
 
 
6) Please give the percentage of time that you currently use each of your languages with friends.  
(Your percentages should add up to 100%.) 
 
 
 
 
7)  When choosing to read a text in any of your languages, what percentage of the time would you 
choose to read it in each of your languages?  Assume that the text was originally written in a 
language that you do not know.  (Your percentages should add up to 100%.) 
 
 
 
 
8)  When choosing a language to speak with another person who is equally fluent in all of your 
languages, what percentage of time would you choose to speak each of your languages? (Your 
percentages should add up to 100%.) 
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9)  When listening to the radio, what percentage of the time would you choose to listen in each of 
your languages?  (Your percentages should add up to 100%.) 
 
 
 
 
10)  When watching television or movies, what percentage of the time would you choose to 
watch in each of your languages?  (Your percentages should add up to 100%.) 
  
 
 
 
 
11)  On a scale of 1 (least nativelike) to 10 (most nativelike), please rate your speaking 
proficiency in each of your languages (including English). 
 

1. __________________________________________________________ 

2. __________________________________________________________ 

3. __________________________________________________________ 

4. __________________________________________________________ 

5. __________________________________________________________ 

 
12)  On a scale of 1 (least nativelike) to 10 (most nativelike), please rate your reading proficiency 
in each of your languages (including English). 
 

1. __________________________________________________________ 

2. __________________________________________________________ 

3. __________________________________________________________ 

4. __________________________________________________________ 

5. __________________________________________________________ 
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13)  On a scale of 1 (least nativelike) to 10 (most nativelike), please rate your listening 
proficiency in each of your languages (including English). 
 

1. __________________________________________________________ 

2. __________________________________________________________ 

3. __________________________________________________________ 

4. __________________________________________________________ 

5. __________________________________________________________ 

 
14)  On a scale of 1 (least nativelike) to 10 (most nativelike), please rate your pronunciation in 
each of your languages (including English). 

 
1. __________________________________________________________ 

2. __________________________________________________________ 

3. __________________________________________________________ 

4. __________________________________________________________ 

5. __________________________________________________________ 

 
15)  On a scale of 1 to 10, how frequently do others identify you as a native speaker of each of 
your languages?  (1 = never, 5 = half the time, 10 = always)  
 

1. __________________________________________________________ 

2. __________________________________________________________ 

3. __________________________________________________________ 

4. __________________________________________________________ 

5. __________________________________________________________ 
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16)  Please list any time spent in an English-speaking country.  Indicate the cities and periods of 
time below.  
 
I lived in ___________________  from __________________ to ________________ 

I lived in ___________________  from __________________ to ________________ 

I lived in ___________________  from __________________ to ________________ 

I lived in ___________________  from __________________ to ________________ 

I lived in ___________________  from __________________ to ________________ 

     TOTAL =  ________ years ________ months 
 
17)  Please list any time spent in a French-speaking country.  Indicate the cities and periods of 
time below.  
 
I lived in ___________________  from __________________ to ________________ 

I lived in ___________________  from __________________ to ________________ 

I lived in ___________________  from __________________ to ________________ 

I lived in ___________________  from __________________ to ________________ 

I lived in ___________________  from __________________ to ________________ 

     TOTAL =  ________ years ________ months 
 

18)  Please indicate the approximate periods during which you studied French.  Circle ‘school’ or 
‘college’ as appropriate.   

 
In school / college,  I studied French from __________________ to ________________ 

In school / college,  I studied French from __________________ to ________________ 

In school / college,  I studied French from __________________ to ________________ 

In school / college,  I studied French from __________________ to ________________ 

     TOTAL =  ________ years ________ months 
 

19)  How many years of formal education have you completed?  
 
________________________________ 
 
20) What is the highest level of education that you completed?   
 
_________________________________ 
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Appendix 5: Vocabulary pre-test for Experiments 2 and 3 

Connaissez-vous ce mot? Connaissez-vous ce mot? 
un appareil photo oui non une assiette oui non 
un biscuit oui non une banane oui non 
un bol oui non une boite oui non 
un bonbon oui non une bougie oui non 
un cadenas oui non une bouteille oui non 
un chapeau oui non une brosse oui non 
un chat oui non une carte oui non 
un couteau oui non une chaussette oui non 
un crayon oui non une chaussure oui non 
un disque oui non une chemise oui non 
un DVD oui non une clé oui non 
un journal oui non une cravate oui non 
un lion oui non une cuillère oui non 
un livre oui non une écharpe oui non 
un marteau oui non une fourchette oui non 
un oeuf oui non une girafe oui non 
un ordinateur oui non une lettre oui non 
un pneu oui non une montre oui non 
un poivron oui non une orange oui non 
un portable oui non une photo oui non 
un portefeuille oui non une plante oui non 
un pot oui non une pomme oui non 
un sac oui non une poupée oui non 
un stylo oui non une théière oui non 
un verre oui non une tong oui non 
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Veuillez lire les traductions: 
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 203 
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Appendix 6: Decontextualized French sentences 

Dans cette expérience, vous allez voir beaucoup de phrases qui feraient partie du français 
parlé normalement ; donc, peut-être il sera un peu étrange de les voir écrites. Au-dessous 
vous verrez quelques exemples de ce genre de phrase ; lisez-les, et vérifiez que vous 
pouvez imaginer une situation dans laquelle on pourrait les dire, en dépit du fait qu’elles 
ne s’écriraient pas normalement. 
 

— T’as mal au genou? 
— Non, c’est mon pied qui me fait mal. 

 
— Qui c’est qui parle aujourd’hui ? 
— C’est le président qui parle. 

 
— Madame, votre broche qui se décroche ! 

 
— Où que tu vas ? 

 
— Ya le téléphone qui sonne ! 

 
— Où est le journal ? 
— C’est maman qui le lit. 

 
— Il est fou ce type ! 
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