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1. Introduction

There are two main hypotheses about the nature of non-native sentence processing: A first body of 

second language (L2) research (Dekydtspotter & Miller, 2013; Dekydtspotter, Schwartz, & Sprouse, 

2006; Hopp, 2016, 2017; Miller, 2015; inter alia) argues that the processing of non-native languages 

involves domain-specific representations, but that computations take place under reduced processing 

capacity, perhaps because of weaker activations (Dekydtspotter & Miller, 2013), the need to suppress 

the native language (Hopp, 2017), and non-target-like lexical representations and semantic fields 

(Dekydtspotter et al., 2006). In contrast, a second body of research argues that the processing of 

sentences in non-native languages is less detailed (Clahsen & Felser, 2006a, b) due to deviant 

representations in non-native acquisition (Bley-Vroman, 1989, 2009; Clahsen & Muysken, 1986) as per 

the Shallow Structure Hypothesis (SSH). This shallow structuring of input is accompanied by greater 

reliance on lexical and thematic information. The notion of shallow structures had been widely 

understood to mean that fine-grained representations of language structures, including movement traces 

and the interpretive steps that these syntactic dependencies enable, were not available in real-time non-

native processing. The debate surrounding non-native processing was therefore widely construed to 

focus on the very nature of the computed representations (see Clahsen & Felser, 2017, for a review). 

However, non-native speakers (NNSs) have been documented to compute representations of wh-

dependencies that license parasitic gaps in real time (Boxell & Felser, 2017). This finding clearly 

suggests that NNSs deploy highly domain-specific knowledge of wh-movement online. NNSs, however, 

do not process sentences quite as efficiently as native speakers (NSs) do because their timing is delayed 

(Boxell & Felser, 2017). Clahsen and Felser (2017), therefore, identify the timing of the deployment of 

syntactic constraints, rather than the availability of a structural analysis, as the major native vs. non-

native processing difference.  

Non-native sentence processing might thus just be distinguished by delay, which weakens syntactic 

effects in complex anaphoric dependencies in some tasks (Felser & Cunnings, 2012; Patterson, 

Trompelt, & Felser, 2014). Processing efficiency and the ability to quickly recover from initial analyses 

have long been considered a central difference of non-native sentence processing research 

(Dekydtspotter, 2001; Juffs & Harrington, 1995; Juffs, 2005). In this study, a possible source of delay 

in processing is examined in the brain activity supporting highly domain-specific computations in NNSs 

and NSs. Electroencephalography (EEG) is well-suited to investigate large-scale postsynaptic neuronal 

oscillations time-locked to the presentation of stimuli. Hence, event-related potentials (ERPs) linked to 

critical moments during grammatical sentence processing may provide significant information about the 

native vs. non-native distinction. When a process is engaged during sentence processing, it should be 

immediately detectable. There are physical caveats: much neuronal activity is not detectable at the scalp, 

and electrical potentials may also cancel each other out. However, EEG's role in previous research on 

complex language phenomena suggests that it can provide useful information.  
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Our investigation isolates specific constraints on implicit knowledge of language in NNSs with 

postpubescent onset of exposure in schooling, but with advanced proficiency and naturalistic exposure 

through time spent abroad. Such individuals may produce more native-like responses to ungrammatical 

stimuli (Bowden, Steinhauer, Sanz, & Ullman, 2013; German, Herschensohn, & Frenck-Mestre, 2015; 

Ullman, 2001). However, we note that little/no research has examined brain responses to grammatical
stimuli in NNSs. We hypothesize that, even when specific computational principles are involved, the 

brain activity sustaining implicit non-native knowledge need not match that of NSs. Mapping the brain 

activity that sustains domain-specific representations in NSs and NNSs would allow for a clearer 

understanding of non-native processing. Beyond the question of timing, ERPs linked to crucial 

processing moments in recursive wh-movement might show that characteristics of neuronal activity 

distinguish NSs even from highly advanced NNSs (cf. Bowden et al., 2013; German et al., 2015; Ullman, 

2001). 

Many fundamental questions still need to be resolved in the biology of language. Grodzinsky and 

Frederici (2006) argue that knowledge of phrasal movement resides in the left inferior frontal gyrus and 

is implemented bilaterally in the superior temporal gyrus. Binding activates the left orbital gyrus, the 

right middle frontal gyrus, and the left middle temporal gyrus (Grodzinsky & Frederici, 2006). As 

Avrutin (2006) points out, however, these operations seem to be instantiations of a general structure-

building mechanism that involves different levels of feature organization. Additionally, others argue that 

language processing requires domain-specific (Fedorenko, Behr, & Kanwisher, 2011) and multi-domain 

processing regions (Fedorenko, Duncan, & Kanwisher, 2013) in the frontal and the parietal cortical 

regions. With respect to speed, however, Avrutin (2006) notes that, in any physical system, speed reflects 

the energy available. Thus, lesions in Broca's region diminish the amount of activation supporting 

syntactic processes, and therefore the speed of syntactic computations. In the case of NNSs, the need to 

maintain non-native representations by dampening additional representations (Dekydtspotter & Miller, 

2013) that are automatically activated (Hopp, 2017; Miller, 2014) may diminish the amount of activation 

in small but significant ways, reducing processing speed and, therefore, processing capacity. 

ERP research on movement shows effects of structural complexity and integration costs (Fiebach, 

Schlesewsky, & Friederici, 2002; Kaan, Harris, Gibson, & Holcomb, 2000; King & Kutas, 1995; 

Phillips, Kazanina, & Abada, 2005). Additionally, among NSs, distinct processes of reference have been 

shown to generate distinct ERP profiles (van Berkum, Brown, Hagoort, & Zwitserlood, 2003; Burkhardt, 

2005; Leitão, Branco, Piñango, & Pires, 2009; inter alia). We closely follow approaches to multi-word 

movement dependencies in our investigation of the processing of anaphora enabled by recursive 

movement. We investigate whether distinct referential processes dependent on the clause edge will 

induce distinct ERP profiles which are temporally linked to processes of recursion.  Specifically, we 

examine the interaction of noun (N) complements and noun phrase (NP) modifiers with wh-movement 

in the computation of dependencies. We examine four regions of interest (ROIs) along dimensions of 

laterality (left vs. right) and extension (anterior vs. posterior). We discuss the (timing of) ERP effects 

linked to the N-complement vs. NP-modifier distinction both when a matching antecedent has been 

encountered in anaphora and when the goal of resolving the pronoun is temporarily thwarted.  

2. Background 

In language, expressions may be interpreted in places other than their surface position (Barss, 2002). 

Thus, in Which pictures of herself did the Queen say that the paper touched up?, the reflexive pronoun 

herself is construed with the Queen despite its position. In fronted position, however, herself is not 

licensed because the Queen does not asymmetrically c-command it. In the canonical object position, 

herself cannot be construed with the Queen because it is not local enough, as revealed by the 

ungrammaticality of *The Queen said the paper touched up pictures of herself. Due to locality 

constraints, displaced wh-constituents in multi-clause dependencies must move recursively in steps from 

clause to clause (Chomsky, 2005, 2008). In recursive movement, a moved wh-expression is re-

represented along the chain.  An intermediate clause-edge position as in The Queen said pictures of 
herself the paper touched up enables form-meaning connections that do not follow otherwise.  

Such connections might be distinct for N-complements and NP-modifiers, as first noted by Frieden 

(1986). In the N-complement construction Which pictures of the Queen did she say the paper touched 
up? an interpretation linking she to the Queen feels somewhat deprecated relative to another referential 
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value. In contrast, the NP-modifier construction Which pictures showing the Queen did she say the paper 
touched up? better allows she to refer to the Queen.1 The prepositional phrase of the Queen is lexically

determined by the head noun pictures: the head noun lexically licenses genitive of. In contrast, a modifier 

does not have such restrictions: pictures showing the Queen could be substituted with pictures depicting 
the Queen. Citing subtle intuitions, Chomsky (1995) claims with Lebeaux (1988) that movement is 

sensitive to the modifier vs. complement distinction: It matters whether a phrase that is part of a displaced 

constituent is subject to a lexical requirement from the head noun or not. Given this sensitivity, the 

modifier vs. complement distinction should be at play during sentence processing even when no intuitive 

referential differences arise. Consequently, movement-related ERPs might capture the modifier-

complement distinction in the processing of the displaced expression.

In the French structures (1) and (2), the masculine pronouns lui ‘him’ in (1) and le ‘him’ in (2) are 

understood as referring to the individual introduced by Paul. Although (2) is typically synonymous with 

(1), the syntactic contexts for the pronouns differ. The phrase à propos de is introduced by the 

preposition à. This preposition indicates an N-complement, because the preposition à is selected by the 

noun—much as the English noun decision requires the preposition about.

(1) Quelle décision à  propos de  lui est-ce que  Paul  a     dit    que Lydie  avait  rejetée   

which  decision at words  of    him is-it    that  Paul  has said  that  Lydie  had    rejected

sans       hésitation?

without  hesitation

‘Which decision about him did Paul say that Lydie had rejected without hesitation?’

(2) Quelle décision  le     concernant est-ce que Paul  a     dit   que  Lydie  avait rejetée   

which  decision him  regarding     is-it    that Paul  has  said that Lydie  had rejected

sans      hésitation?

without hesitation

‘Which decision regarding him did Paul say that Lydie had rejected without hesitation?’

Because of the lexical requirement on complements, the à-marked N-complement must qualify the head 

noun décision at every step of computations targeting the noun, as shown in (3). In contrast, concernant
is a verb form that signals a participial clause modifying the noun phrase. This NP-modifier qualifies 

the noun phrase only after all cycles of computations satisfying lexical requirements have applied to it, 

as in (4), according to Chomsky (1995). 

(3) [<quelle décision à propos de lui> [est-ce que [Pauli a dit [< quelle décision à propos de lui >

[que Lydie avait rejetée < quelle décision à propos de luii > sans hésitation]]]]]

(4) [<quelle décision> le concernant [est-ce que [Paul a dit [< quelle décision> [que Lydie avait 

rejetée < quelle décision > sans hésitation]]]]] 

In the derivation in (3), the pronoun lui ‘him’ within the N-complement is part of the syntactic chain. 

Paul is a matching c-commanding expression as the relevant domain for binding lui ‘him’ is computed 

as per binding condition B (Chomsky, 1986). Binding at the syntax-semantics interface is marked with 

an index. The embedded clause is the minimal domain containing the pronoun and a subject, and 

pronouns are free in this domain (Chomsky, 1988). The pronoun lui can, therefore, be bound only by 

Paul as it is re-represented through the intermediate site of the chain at the edge of the clause Paul a dit 
‘Paul said’. The pronoun receives a bound-variable interpretation as soon as the computation makes it 

possible, so that it is linked to the position held by Paul at the semantic interface. In contrast, no binding 

is available with NP-modifiers because the pronoun is not in a c-commanded position at any point in the

derivation in (4). Thus, le and Paul cannot enter into a syntactic dependency. Rather, each expression 

1 An anonymous reviewer reports experiencing similar status for the Queen in construal with she across the 

constructions. Barss (2002) reported individual intuitions to vary greatly in this regard. There seems to be a scale of 

effects for complements with differing judgments across speakers, not found for modifiers. 
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refers independently to the same individual. In sum, the derivations in (3) and (4) involve distinct 

processes of anaphora at the bridge between clauses.  

A body of research provides support for a hyperactive grammar-based processing mechanism 

creating structural dependencies, subject to further verification (Dekydtspotter & Seo, 2017; Omaki, 

Lau, Davidson White, Dakan, Apple, & Phillips, 2015). Structural constraints apply to parse attempts, 

either licensing attempts or requiring further processing. In (5) and (6), the human sentence-processing 

mechanism is presumed to seek to identify the masculine pronouns lui and le ‘him’ with a referent. 

However, feature mismatch prevents this identification until a matching referent is found.

(5)  Quelle décision  à propos de lui est-ce que Lydie a     dit   que Paul avait rejetée   

which decision  at words  of  him  is-it    that Lydie has said that Paul had   rejected

sans      hésitation?   

without hesitation

‘Which decision about him did Lydie say that Paul had rejected without hesitation?’

(6)  Quelle décision  le     concernant est-ce que Lydie  a     dit    que Paul avait rejetée    
which decision  him  regarding     is-it    that Lydie  has said  that Paul had   rejected

sans      hésitation?

without hesitation

‘Which decision regarding him did Lydie say that Paul had rejected without hesitation?’

The sentences in (1) and (2) are referentially ambiguous as are those in (5) and (6), but the anaphoric 

construal is salient.2 In a hyperactive processing system, computations as in (3) for N-complements and

(4) for NP-modifiers predict somewhat different processes prior to the resolution of the anaphoric 

dependency. Both (5) and (6) carry the cost of an unresolved pronominal referent in discourse, a cost 

that the processing mechanism seeks to eliminate. In (5), however, a hyperactive processing mechanism 

would seek, but fail, to establish a syntactically mediated referential relation between positions involving 

a (potential) binder and a bound position. This binding fails because the features of the expressions along 

the referential chain are incompatible. In other words, a possible binding dependency might be quickly 

rejected in (5), as soon as the mismatch is identified. This attempted computation is specifically linked 

to the clause-edge re-representation that enables binding into the embedded clause with N-complements 

only. Hence, the structures in (5) and (6) should also be distinguished as the clause edge is processed, 

because of the inhibition of a binding reflex triggered by the mismatch. 

In sum, the standard view of displacement predicts the existence of ERP effects reflecting the 

structure of the displaced wh-expression at the bridge between clauses. Furthermore, these effects should 

be time-locked to the specific presentation of bridge verb dit 'said' and subordinator que 'that', which 

identifies and confirms a subordinate clause.

3. The study

3.1. ERP predictions 

Here, we examined the following central research questions (RQs):

RQ1: Are there ERP effects of the structural distinction between N-complements vs. NP-

modifiers under anaphora resolution at the clause edge? 

RQ2: Do any such ERP effects evince a timing delay in NNSs relative to NSs?

RQ3: Are such ERP effects found with a broader topography in NNSs than in NSs?

Previous work (Dekydtspotter, Black, Frimu, & Panwitz, 2018) has shown that NSs and NNSs engage

referential computations mediated by wh-movement, and therefore we hypothesize that ERPs distinguish 

2 An anonymous reviewer suggests that, in the real world, there would be prior knowledge and no ambiguity. 

However, a rich context does not entirely remove the possibility that the hearer/reader’s knowledge is partial, 

leading to referential ambiguity at least some of the time, especially in contexts with multiple possible referents.
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NP-modifier from N-complement structures as the clause edge is processed and a wh-expression is re-

represented (RQ1). In NNSs, we expect to find both a) differential timing of ERP effects (Clahsen & 

Felser, 2017) (RQ2) and b) a more diffuse scalp distribution (cf. Ullman, 2001; Bowden et al., 2013) 

(RQ3). The timing difference and distinct topographies would reflect (partially) distinct neuronal 

responses for basic representational distinctions in grammar. Such findings might provide information 

about a possible neurocognitive basis for the difference between native and non-native processing. 

3.2. Stimuli and methods

Stimuli consisted of 200 items including 25 experimental/critical quadruples on a 2 x 2 design 

(structure: N-complement/NP-modifier * antecedent: main clause match/mismatch) as in (7a-d). 

(7) a. Quelle décision à propos de lui est-ce que Paul a dit que Lydie avait rejetée sans 

hésitation?

b. Quelle décision le concernant est-ce que Paul a dit que Lydie avait rejetée sans 

            hésitation?

c. Quelle décision à propos de lui est-ce que Lydie a dit que Paul avait rejetée sans 

            hésitation?

d. Quelle décision le concernant est-ce que Lydie a dit que Paul avait rejetée sans 

hésitation?

‘Which decision about/regarding him did Paul/Lydie say that Lydie/Paul had rejected 

without hesitation?’

As part of preparatory work, interpretive judgments for the two structures were solicited from 16 

advanced NNSs (with English as their native language) and 16 NSs of French. They accepted the 

construal of the gendered pronouns lui and le with the matrix-clause subject at similarly high rates in à
propos de lui and le concernant (NNSs: 96%/96%; NSs: 91%/89%). This result confirmed our intuitions 

about the availability of an anaphoric construal for both structures.3 The 100 distractor items involved

complex interrogative structures and permutations similar to target items.

Stimuli were presented visually in four blocks via E-prime (PST, Inc); items were randomized 

within each block and blocks were presented in random order. The interrogative sentences appeared 

word by word, each word appearing for 300ms followed by a 250ms blank slide. This pace was based 

on reading speed measured for NNS and NS participants on a self-paced reading task with related stimuli 

and was also piloted to confirm its appropriateness for both participant groups. Respondents were trained 

to read interrogatives and then to accept or reject follow-up comprehension statements. In the training 

items, all interrogatives were followed by a comprehension statement; in the task, only two thirds were. 

This ratio maintained participant attention without being too taxing. Because a set of interrogatives 

seems plausible in only a limited set of situations, items were presented in a context involving two 

characters who were devoted followers of a TV series. One of the characters, however, had missed out 

on some episodes and asked the other character questions to fill in the missing information.

3.3. EEG procedures 

EEG was recorded continuously at 1000 samples per second via a 64-electrode EGI system (EEG, 

Inc. Eugene, OR) and referenced to Cz (vertex) during recording. The EEG signal was collected using a 

Net Amps 300 amplifier with a gain of 5000 and acquisition software version 4.5.4. Impedances were 

below 50 kΩ at the start of each block. All preprocessing and data cleaning procedures were performed 

using the EEGLAB toolbox (Delorme & Makeig, 2004). Data were filtered offline with a .05-100.5-

Hertz band-pass filter (0.1Hz transition bandwidth, -6 dB attenuation at cutoff frequency, Hamming 

windowed, order 33000). Line noise was removed using the CleanLine plugin for EEGLAB (Mullen, 

2012). The continuous data were divided into 5.2-second epochs starting with est-ce que (the question 

3 In order to avoid large differences in processing speed between NSs and NNSs, all the test sentences included 

highly frequent lexical items. This was meant to avoid potential delays due to complex lexical retrieval, known to 

decelerate syntactic processing.
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marker) immediately following the N-complement à propos de lui ‘about him’ or the NP modifier le 
concernant ‘regarding him,’ and running to the end of the interrogative sentence. Following such 

segmentation, bad channels were removed after visual inspection of epochs and measures from the 

TrimOutlier plugin (Lee & Miyakoshi, SCCN, INC, UCSD). Epochs containing large artifacts were 

removed by the experimenter, with an average of 87% of trials retained across subjects. Ten subjects 

with greater than 10% bad channels or 30% bad epochs were excluded from analysis, leaving 24 NSs 

and 22 NNSs. Blinks, ocular movements, and EMG were removed using Independent Component 

Analyses. All remaining trials were included in the analysis. This is because the brain processing as the 

respondents encounter the sentence is independent of the respondents’ behavior on comprehension 

checks following the sentence. Participants’ accuracy on unambiguous checks, 61% for NSs and 63% 

for NNSs, shows the task was challenging. However, in critical stimuli, NSs and NNSs alike interpreted 

the pronoun and gender-matched noun phrase as co-referential 70% of the time, which confirms an 

anaphoric bias. Analysis was performed on ERPs re-referenced offline to average mastoids.

3.4. Participants 

24 NSs of French and 22 NNSs of French provided analyzable data. Participants first reviewed the 

experimental procedures and reaffirmed consent. After providing biographical information, participants 

completed a C-test consisting of 50 partially missing words (25 content words and 25 function words). 

This test was divided into two paragraph-length texts with a time limit of 5 minutes per paragraph and 

was designed to assess proficiency (Renaud, 2010). Finally, participants completed the EEG experiment, 

with each of the four blocks lasting 13 minutes; the total task time was around one hour, including 

multiple breaks to ensure that subjects were not fatigued and stayed engaged.4

The 24 NSs of French (average age=26.6) were tested in the U.S. They were graduate students, 

exchange program participants, or visitors to campus. They, on average, had lived abroad 2.4 years. 

Their average C-test score was 48.7/50, with a range from 45-50. The 22 NNSs of French (average 

age=29.1) began acquiring French during secondary schooling or later. These participants were graduate 

students and advanced undergraduate students in the U.S. but had spent some time abroad, with an 

average total length of stay of 1.1 years. Their C-test scores (average 45.5/50; range 33-50) clearly 

indicate that they were well above intermediate-level learners: Average scores range from around 25 

points for low intermediate to 30 for high intermediate learners. We did not exclude respondents due to 

handedness, as it has been shown that it is not left handedness per se but rather familial sinistrality that 

influences brain patterns (Grey, Tanner, & van Hell, 2017). 

3.5. Data extraction and analysis

We consider, as a central empirical question, whether there will be ERP effects tied to the structural 

distinctions between N-complements vs. NP-modifiers in anaphora, when a pronoun can be construed 

with a matching matrix-clause antecedent at the bridge between clauses [(7a) vs. (7b)], as well as when 

no matching antecedent is available [(7c) vs. (7d)]. In both cases, ERP distinctions are predicted to arise 

precisely when expressions are re-represented at the syntactic bridge that is introduced by the verb dit
‘said’ and confirmed by the subordinator que ‘that’. Crucially, NSs and NNSs might exhibit different 

patterns, even as they make the same structural distinctions. 

Following the examination of movement dependencies in Phillips et al. (2005), we used 50ms 

baselines into the onset of each word. ERP plots presented in the Results section show cumulative 

voltages with a 50ms matrix-subject baseline. As per Fiebach et al. (2002), mean voltages were 

computed for each structure over left anterior, right anterior, left posterior, and right posterior ROIs 

consisting of five electrodes each, as depicted in Figure 1. 

4 An anonymous reviewer noted that one hour is a long time to stay focused on these tasks. We would like to 

emphasize that the four 13-minute blocks were separated by a 5-minute break during which the lab technician would 

refresh the electrodes. Therefore, while the tasks lasted around one hour, none of the participants were asked to stay 

focused for an entire hour. In fact, they were asked to concentrate for much shorter periods of time.
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Figure 1. Location of ROIs

Non-cumulative analyses showing the contribution of each word were done with mixed linear effect 

models using packages lmer4 version 1.1.12 (Bates, Mächler, Bolker, & Walker, 2015) and lmerTest

version 2.0.32 (Kuznetsova, Brockhoff, & Christensen, 2015) in R version 3.3.0 (R Core Team, 2016). 

Analyses over the whole scalp included structure (complement vs. modifier), match (matrix clause 

subject vs. embedded clause subject), laterality (left vs. right ROIs), and extension (anterior vs. posterior 

ROIs) as factors, with random intercepts for subjects. Analyses over individual ROIs included structure 

and match. Given that the deployment of knowledge is expected to differ temporally in NSs and NNSs, 

analyses were run separately for NS and NNS data. Mean voltages over a 300ms time period from 250-

550ms after the presentation of each word were entered into the NS and NNS analyses. The time course 

of processing was examined by analyzing specific segments: the bridge verb dit ‘said’ and the 

subordinator que ‘that’.

4. Results

4.1. Native Speaker ERPs

At the verb segment, the model over the whole scalp in the 250-550ms time period produced

two significant interactions. The first interaction indicated a structure:match effect, F(1,345) = 4.3749, 

p = .0372. Pairwise comparisons indicated a significant difference between NP-modifier and N-

complement structures in mismatch conditions ([(7c) vs. (7d)], MismatchMod-Comp = .4μV, t(345) = 2.53, 

p = .01. Figure 2 shows this effect. The second interaction indicated an anteriority:structure:match effect, 

F(1,345) = 5.1933, p = .02328. Indeed, models over each of the four ROIs revealed significant 

structure:match interactions in the right posterior ROI, F(1,69) = 5.3995, p = .0231, and the left posterior 

ROI, F(1,69) = 7.1659, p = .009276. Follow-up tests in the right posterior ROI showed a significant 

difference between NP-modifier and N-complement structures in mismatch conditions, MismatchMod-

Comp = .8μV, t(69) = 2.73, p = .008. Figure 3 shows this effect. Pairwise comparisons in the left posterior 

ROI revealed marginal significance in differences between NP-modifier and N-complement structures 

in mismatch, MismatchMod-Comp = .6μV, t(69) = 1.84, p = .07, and match, Match Mod-Comp = -.6μV, t(69) =

-1.95, p = .07, conditions. Figures 4 and 5 show these effects.

At the subordinator, the model over the whole scalp in the 250-550ms time period only revealed

an anteriority:match interaction, F(1,345) = 4.1167, p = .0432304, but follow-up tests did not reveal any 

theoretically significant differences. Models over the four individual ROIs revealed a significant effect

of match in the right posterior ROI, however, F(1,69) = 4.2065, p = .04407. Pairwise comparisons 

indicated that match and mismatch conditions differed significantly, regardless of structure, 

RightPosteriorMatch-Mismatch = .5μV, t(69) = 2.05, p = .04. Figure 6 shows this effect.
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Figure 2. Grand mean ERP waveforms for NSs over whole scalp in mismatch conditions: N-complement 

(7c, light dashed line) vs. NP-modifier (7d, light solid line). Time=0 is onset of matrix subject including 

the 50ms baseline. "B" marks the onset of the interstimulus interval. 

  

Figure 3. Grand mean ERP waveforms for NSs in right posterior ROI in mismatch conditions: N-

complement (7c, light dashed line) vs. NP-modifier (7d, light solid line). Time=0 is onset of matrix 

subject including the 50ms baseline. "B" marks the onset of the interstimulus interval. 
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Figure 4. Grand mean ERP waveforms for NSs in left posterior ROI in mismatch conditions: N-

complement (7c, light dashed line) vs. NP-modifier (7d, light solid line). Time=0 is onset of matrix 

subject including the 50ms baseline. "B" marks the onset of the interstimulus interval. 

Figure 5. Grand mean ERP waveforms for NSs in left posterior ROI in mismatch conditions: N-

complement (7a, dark dashed line) vs. NP-modifier (7b, dark solid line). Time=0 is onset of matrix 

subject including the 50ms baseline. "B" marks the onset of the interstimulus interval. 
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Figure 6. Grand mean ERP waveforms for NSs in right posterior ROI: Match (7a+b, dark line) vs. NP-

modifier (7c+d, light line). Time=0 is onset of matrix subject including the 50ms baseline. "B" marks 

the onset of the interstimulus interval. 

4.2. Non-Native Speaker ERPs

At the verb segment, models over the whole scalp and over individual ROIs in the 250-550ms

time period did not produce any significant effects. At the subordinator, models over the whole scalp in 

the 250-550ms time period did not produce significant effects either.  

Figure 7. Grand mean ERP waveforms for NNSs in right posterior ROI: NP-Modifier (7a+c, dark line)

vs. N-Complement (7b+d, light line). Time=0 is onset of matrix subject including the 50ms baseline.

"B" marks the onset of the interstimulus interval. 
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However, models over each of the four ROIs revealed a marginal effect of structure in the right posterior 

ROI, F(1,63) = 3.7138, p = .05848. Pairwise comparisons indicated a marginally significant difference 

between complement and modifier structures, RightPosteriorMod-Comp = -.3μV, t(63) = -1.93, p = .06.

Figure 7 shows this effect. 

4.3. Topographical correlates of structural ERP distinctions

Scalp maps for the Mod-Comp mean voltage differences in the matching antecedent (anaphora)

conditions [(7a) - (7b)] and for the Mod-Comp mean voltage differences in the mismatching antecedent 

(nonanaphora) conditions [(7c) - (7d)] revealed distinct topographies for NSs and NNSs. Figure 8 shows 

the topographies of ERPMod-Comp differences at 250-550ms into the presentation of bridge verb dit ‘said’ 

and subordinator que ‘that’. 

dit ‘said’ dit ‘said’que ‘that’ que ‘that’

NSs NNSs

Early Matches:
NP-Modifier vs

N-Complement

Late Matches:
NP-Modifier vs

N-Complement

Figure 8. Topographies for NSs and NNSs at dit ‘said’ and que ‘that’ for NP-modifier vs. N-

complements with early matches (7a-b; top) and with late matches (7c-d; bottom). 

Given that the statistical results above differed by extension in NSs and NNSs, the scalp distribution of 

mean voltage differences shows clear topographical differences between NSs and NNSs. For the 

(anaphora) [(7a) - (7b)] contrast, voltage differences on dit 'said' in NSs are focal in the left posterior 

ROI in sensor space. In NNSs, there is no such focal activity. On the next segment, que 'that', the 

difference in the anaphora conditions in NSs seems more central and anterior; whereas in NNSs, a central 

posterior topography is in evidence. Hence, the contrast in the anaphora conditions [(7a) - (7b)] seems 

visibly delayed and distinctly distributed in NNSs.  

For the (nonanaphora) [(7c) - (7d)] contrast, differences in NSs on dit 'said' are distributed

posteriorly in sensor space in NSs. On the next segment, que 'that', the difference broadens in NSs. In 

NNSs, the most focal activity is posterior, as noted in the statistics, and distinct in polarity. Hence, the 

contrast maps for [(7c) - (7d)] also reveal broadly distinct topographical patterns in NNSs and NSs.  

5. Discussion 

ERP distinctions tied to dit 'said' and que 'that' in NSs and NNSs suggest that the human sentence 

processor revisits the wh-expression upon processing the clausal bridge (RQ1). In the matching 

conditions [(7a) vs. (7b)], distinct anaphora processes in syntax (7a) and discourse structure (7b) were 

expected as soon as the wh-expression is re-represented through the clause edge. These distinct 

referential processes, which are reliant on the N-complement vs. NP-modifier distinction, were predicted 

to trigger ERP differences linked to dit 'said' and que 'that', perhaps with a delay in NNSs. Turning to 

the timing of ERPs in NNSs vs. NSs (RQ2), anaphora-linked ERP effects arose as soon as the bridge 
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verb dit ‘said’ was encountered in NSs. In NNSs, Modifier-Complement ERP effects were measured 

only when the embedded clause was confirmed by subordinator que ‘that’. The timing of ERPs at the 

verb for the NSs and at the subordinator for the NNSs, therefore, supports the prediction of delay in NNS 

processing. Along with the difference in the timing of ERP effects between NSs vs. NNSs, we found 

different topographical distinctions (RQ3) in NNSs. 

ERP differences were more robust in NSs, with statistical effects over the whole scalp and in specific 

ROIs. ERP differences obtained only in the right posterior ROI in NNSs, but, crucially, the difference 

was related to sentence structure. Less robust effects could stem from diminished coordination of 

neuronal effort in NNSs as a reflex of more effortful processing devoted to the capture of input. In turn, 

more resources expended on generating structure would leave fewer resources for coordinating the 

activity of neuronal actors in the language network. When processing on the basis of knowledge 

representations that are less well entrenched as in L2, it is likely that greater energy leads only to a 

successful parse, but not necessarily a faster one. Therefore, the energy-speed tradeoff seems less direct. 

Multilingual multitasking (suppressing L1, capturing input, accessing and retrieving underlearned 

lexical representations, etc., and their coordination) presumably takes away from the amount of 

activation directly maintaining the parse representations, thereby affecting the speed of processing. 

The pattern of neuronal activity in NNSs offers a neurocognitive explanation for the processing 

delay that does not require claims of distinct epistemologies. Given limited brain resources, the need to 

devote increased resources to input capture in parsing a second language may diminish the available 

energy directed at sustaining the parse, reducing the effective speed of computations affecting processing 

capacity. A distinct electrical state might constitute, in part, a physiological consequence of the need to 

suppress the co-activated native language and to pursue non-native lexical access routines, which are 

under-learned vis-à-vis the L1, among other factors (Dekydtspotter et al., 2006). Factors specific to non-

native knowledge and usage should have consequences for the neural activity needed to maintain the 

representations in the processing of the non-native language. In turn, this neural activity would affect 

the speed of non-native grammatical processing.  

6. Conclusion

Previous ERP research on wh-movement shows effects tied to structural complexity and integration 

costs (Fiebach et al., 2002; Kaan et al., 2000; King & Kutas, 1995; Phillips et al., 2005). Among NSs, 

distinct processes of reference have been shown to generate distinct ERP profiles (van Berkum et al., 

2003; Burkhardt, 2005; Leitão et al., 2009; inter alia). Here, structural distinctions were evinced in the 

data of NSs and NNSs. The structural distinctions, however, received distinct neurophysiological 

manifestations in the patterns of NSs and NNSs. While advanced NNSs have shown nativelike ERP 

effects in error detection in previous research (Bowden et al., 2013; German et al., 2015; inter alia), the 

brain activity supporting domain-specific implicit processes documented by the current study revealed 

delayed ERPs that were also distinct in their distributions from NSs’. The results lend credence to a body 

of research that argues that non-native sentence processing constitutes processing under reduced 

capacity (Dekydtspotter et al., 2006; Dekydtspotter & Miller, 2013; Hopp, 2017, 2016; Miller, 2015; 

inter alia), presumably with a complex set of mind/brain interactions which remains to be fully explored. 

Processing delay might be caused by distinct neurophysiological activity in NNSs that might itself be a 

consequence of factors specific to L1-based L2 knowledge and retrieval. This ERP study qualifies 

somewhat the results of the ERP studies investigating the development of knowledge of 

ungrammaticality. Naturally, other studies will be required to establish the robustness of these

conclusions. It is, however, likely that investigations of the oscillatory dynamics of brain activity linked 

to parsing steps in sentence comprehension will contribute to deeper understanding of non-native 

sentence processing. 
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