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Measuring Cross-Linguistic Influence in First- and Second-Generation
Bilinguals: ERP vs. Acceptability Judgments

Abstract
Two types of Spanish-English bilinguals were tested in an event-related potential (ERP) experiment on a
contrast in the two languages exemplified in (1) and (2) in order to investigate linguistic permeability during
processing of Spanish (1a and 2a). In Spanish, but not English, absence of the complementizer que is
ungrammatical.

(1) a. Qué hermana confesó Inés que había comido la tarta?

b. *What sister did Inés confess that had eaten the cake?

(2) a. *Qué hermana confesó Inés Ø había comido la tarta?

b. What sister did Inés confess Ø had eaten the cake?

In a first analysis, we grouped subjects by generation and compared ERP responses to que-less vs. que-full
sentences. A significant N400 effect was found for first-, but not second-generation, suggesting reduced
sensitivity to missing que for the latter. However, a second analysis, using linear mixed modeling to test
predictiveness of individual speaker variables revealed generation to be non-predictive of N400 amplitude.
Instead, current language use, cumulative exposure to English, and socioeconomic status (SES) were
significant predictors for all subjects: increased English use, exposure, and SES resulted in smaller N400
amplitude to the anomaly in Spanish shown in (2a). Our results show that a priori classification of bilinguals
masks gradient cross-linguistic effects, and processing is permeable in all bilinguals depending on amount of
language use. Results from an acceptability judgment task administered to the same subjects using a subset of
the same stimuli show that both subject groups judge que-less and que-full to be equally natural. These results
suggest that behavioral measures that rely on metalinguistic judgments may not be good indicators of
processing, and that having to appeal to metalinguistic knowledge may mask intrinsic knowledge.
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1  Introduction 

The study of bilingual populations can shed important light on language processing in general and 

the processing of multiple languages in particular. It can also contribute valuable information re-

garding the limits of language learning across the lifespan. For example, a long-standing question 

in the field of bilingualism and second language acquisition regards age effects on learning and 

attainment.  

The bilingual population in North America conventionally termed “heritage speakers” or 

“second-generation bilinguals” is an important population to study in this regard, as the context of 

their incipient bilingualism is largely different from that of other types of bilinguals, e.g., those 

who are exposed to two languages from the inception of language learning, and use the two lan-

guages continuously throughout the lifespan; and different again from bilinguals who learn a sec-

ond language later in life, to advanced levels of proficiency, but continue using the first-learned 

language in equal measure. Heritage speakers are typically exposed to a “minority” language in 

childhood, until they enter school, at around age 6, when they begin immersion in the second, 

“majority” language, which eventually becomes their dominant language in adulthood. 

The focus in heritage language studies is on how the first-learned language changes as a sec-

ond language begins to encroach upon it, thus investigating the effects of cross-linguistic influence. 

Importantly, the methodology used in these studies reflects an underlying assumption, namely that 

heritage speaker bilinguals are a linguistically homogeneous group, and that they can be compared 

as such to non-heritage speakers (bilingual or not), who presumably also form a linguistically ho-

mogeneous group. Hence, the analyses typically involve group comparisons (heritage speakers vs. 

non-heritage speakers, either monolinguals, second language learners or late bilinguals) and 

ANOVAs. A typical conclusion is that heritage speakers show more influence of the later-learned 

language than non-heritage speakers (e.g., Montrul and Bowles 2009). 

Cross-linguistic influence in bilingual speakers has been found both in representation and in 

processing. The study of advanced sequential bilinguals has shown cross-linguistic influence in 

both directions, that is, from the first-learned language to the later-learned language (a phenome-

non known in SLA as “transfer from the L1”), but also from the later-learned language to the first 

(see Cook 2003). Furthermore, the direction of cross-linguistic influence seems to vary according 

to level of immersion and amount of exposure to the two languages. In a wide-ranging set of stud-

ies on bilinguals of various language pairs, Sorace and her colleagues found that bilinguals im-

mersed in the later-learned language (e.g., Italian-English bilinguals in the U.K.) differ in their 

interpretation of overt pronouns in Italian, the first-learned language, when compared to Italian 

monolinguals, but also when compared to Italian-English bilinguals in Italy (Sorace et al. 2009). 

Cross-linguistic influence of a later-learned language on a first-learned language has been 

shown to be present in representation (Tsimpli et al. 2004) as well as in processing strategies (Fer-

nández 2003, Dussias 2004, Dussias and Sagarra 2007). In the processing literature, the tendency 

to override preferred native language strategies and adopt instead those of the second language has 

led to the hypothesis that parsing mechanisms are “permeable”, and both level of proficiency as 

well as amount of exposure to the later-learned language are thought to be important factors. 

The goal of this paper is to question the underlying assumptions and the methodologies stand-

ardly used in heritage speaker studies, by comparing two approaches and their concomitant anal-

yses of the same set of data drawn from heritage speakers (henceforth second-generation bilin-

guals) and from non-heritage speakers (henceforth first-generation bilinguals) of Spanish whose 

later-learned language is English. Specifically, we question the conclusion in the literature, that the 

later-learned language (English) exerts more influence on second-generation speakers, who are 

immersed in this language in childhood, than on first-generation speakers of Spanish, who are 

exposed to English in adulthood.  
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We use and compare two methodologies: the first follows the assumptions that second-

generation bilinguals can be assumed to be a linguistically homogeneous group, and can be com-

pared directly to another presumed homogeneous group, i.e., first-generation bilinguals. Following 

standard analytical procedures, this methodology uses ANOVAs to compare the two groups. This 

methodology is described in Section 3.1.1, Approach 1. 

The second methodology does not make assumptions of group distinctions, nor of homogenei-

ty, relying instead on individual level speaker variables to identify patterns of cross-linguistic in-

fluence. This methodology uses Linear Mixed Modeling as a statistical analysis and identifies sig-

nificant speaker variables from among a large set of potentially predictive ones, collected through 

a questionnaire described in Section 3. This methodology is more appropriate if we assume that 

cross-linguistic influence is not (solely) determined by age of first exposure to English, but by 

other, potentially influential variables, such as amount of use of the two languages, education, and 

level of proficiency.  This methodology is described in Section 3.1.2, Approach 2. 

We based our investigation of these issues on the differences in Comp-trace effects between 

Spanish and English. Comp-trace effects differ in the two languages in the following ways: In 

English sentential complement clauses, omission of the complementizer that is optional, as in (1). 

However, in these structures for most forms of Spanish, the complementizer que is obligatory, as 

in (2). Furthermore, subject extraction out of the subordinate clause results in unacceptability in 

English when the complementizer is present, but is acceptable when the complementizer is absent, 

as in (3). In standard Spanish, the opposite obtains; the complementizer que must be present for 

the question to be acceptable, as in (4). The opposite effects in Spanish and English regarding the 

presence of the complementizer que/that in Wh-questions make these constructions ideal for test-

ing cross-linguistic influence.  

 

(1) John said (that) Mary will leave.   

(2) Juan dijo *(que) María va a salir  

(3) Who did John say (*that) will leave? 

(4) Quién dijo Juan *(que) iba a salir? 

 

To address our questions, we administered an event-related potential (ERP) task (Section 2) to 

measure processing of Spanish Comp-trace effects. During subsequent visits to the lab with the 

same subjects, we administered a detailed questionnaire (Section 3) to gather information regard-

ing individual level characteristics such as language background, education, and current language 

usage, and a speeded acceptability judgment task (Section 4) in order to examine the relationship 

between processing and acceptability judgments for these constructions and relate our findings to 

the heritage speaker literature. 

2  Experiment 1: Event-Related Potentials (ERP) 

2.1  Rationale 

ERPs are voltage changes at the scalp associated with the synchronous firing of brain cell popula-

tions in response to an event (Light et al. 2010). In this study, we recorded ERPs in response to the 

absence of the complementizer que in Spanish Wh-questions. The literature on ERP components 

as linguistic processing signatures shows that this technique has reliably been used to establish the 

brain’s sensitivity to lexical, semantic, and syntactic anomaly in monolingual populations (Frie-

derici 2002, Osterhout 1994) and in bilingual and learner populations (Kotz 2009, Moreno, 

Rodríguez-Fornells, and Laine 2008). Semantic and lexical anomaly is typically indexed by a neg-

ative-going wave largest over centro-parietal regions of the scalp, called the N400 because it peaks 

around 400ms following the anomaly (Kutas and Hillyard 1980, Swaab et al. 2012). Syntactic 

anomaly is typically indexed by an increase in positivity over posterior sites and has been called 

the P600 because it peaks around 600ms following the anomaly. Certain types of morphosyntactic 

anomaly have also been found to elicit a negativity over anterior sites at similar latencies as the 

N400, called the left-anterior negativity (LAN) due to a largely left lateralization (Friederici 1995, 

Friederici, Pfeifer, and Hahne 1993). These well-established ERP components can provide infor-

mation about the moment-by-moment processes in sentence comprehension that underlie behav-
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ioral perception and comprehension, and the comparative examination of ERP responses can po-

tentially reveal between-group differences in the presence or absence of certain processing pat-

terns (via ERP components); in speed of processing (via component latency); and in robustness of 

processing (via component amplitude). 

 The ERP technique is ideal for studying processing in the first-learned language of second-

generation bilinguals, as it allows auditory presentation of stimuli while accurately registering 

sensitivity to linguistic contrasts without requiring metalinguistic judgments. Most studies on the 

Spanish of second-generation bilinguals in the U.S. use explicit and often written metalinguistic 

tasks, which introduce potential confounds since for the vast majority of this population, the lan-

guage of instruction and literacy is English from elementary school through college (Beaudrie and 

Fairclough 2012, City of New York Department of Education 2011, Menken and Kleyn 2010, 

Valdés et al. 2006). Spanish-language instruments that require metalinguistic judgments of gram-

maticality, felicity, and logic thus confront this population with a highly unfamiliar, if not down-

right unnatural, task (Bialystok 1986, Bialystok and Ryan 1985, Birdsong 1989), and second-

generation bilinguals tend to show hesitancy and indetermination when asked to make metalin-

guistic judgments about Spanish even when they show high proficiency and oral fluency in that 

language (Klein and Martohardjono 2009). 

The ERP experiment presented in this section was designed to answer the following research 

questions: (1) Do first- and second-generation bilinguals exhibit the same or different processing 

patterns when hearing sentences that are anomalous in Spanish but not in English? (2) In particular, 

do second-generation bilinguals exhibit weaker or no reactions to a missing complementizer (que) 

that is anomalous in Spanish but acceptable in equivalent English sentences? (3) For all bilingual 

subjects, are ERP components elicited by anomalous sentences affected by factors such as genera-

tion, language use, socioeconomic status (SES), etc.? We address these questions by measuring 

the ERPs elicited by the que-less stimuli in both bilingual groups. 

2.2  Subjects 

A total of N=38 subjects (N=23 female) completed Experiment 1. All subjects were Spanish-

English bilingual adults residing in the New York City area. All subjects were right-handed based 

on the Edinburgh Handedness Inventory (Oldfield 1971), had normal or corrected-to-normal vi-

sion, and had no history of neurological disorder. All subjects gave informed consent and were 

paid a total of $80 for their participation in this study.  

Each subject was categorized as either a first-generation bilingual (a Latin American-born, 

first immigrant generation adult) or a second-generation bilingual (a U.S.-born, second immigrant 

generation adult) based on criteria commonly used in heritage speaker studies (Benmamoun, 

Montrul, and Polinsky 2013a, 2013b). First-generation bilinguals (N=20): were born and raised in 

a Spanish-speaking Latin American country; came to the U.S. between ages 18–40 (M=25.56, 

SD=4.77); had been living in the U.S. no more than 20 years at the time of testing (M=5.84, 

SD=6.06); and were between 23–50 years old at the time of testing (M=31.7, SD=3.70). Second-

generation bilinguals (N=18): were born in the continental U.S. or were born in the Spanish-

speaking Caribbean and brought to the U.S. before age eight (M=1.52, SD=0.96) (Benmamoun, 

Montrul, and Polinsky 2010); were born no more than 20 years after the parents arrived in the U.S. 

(M=6.81, SD=6.82); were 18–50 years old at the time of testing (M=26.61, SD=7.30); and were 

raised speaking primarily Spanish until at least age 10 by first-generation caregivers.1  

To ensure adequate levels of Spanish proficiency for our second-generation bilinguals, who 

are often English dominant, we tested their auditory comprehension of complex sentences using 

the RISLUS Multilingual Syntax Test (RMST): a computerized picture-pointing task that assesses 

comprehension of auditorily-presented complex sentences, which has been used in previous re-

search on bilingual populations with limited Spanish literacy (Klein and Martohardjono 2009). We 

administered this assessment rather than standardized language proficiency tests because it does 

not rely on advanced reading or writing skills. All second-generation bilinguals performed at ceil-

                                                 
1We define the Spanish-speaking Caribbean in this study to include Cuba, Puerto Rico, and the Domini-

can Republic. N=4 second-generation subjects were raised by first-generation caregivers born and raised in 

Puerto Rico and N=14 were raised by first-generation caregivers born and raised in the Dominican Republic. 
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ing on this test, indicating fluency in Spanish. Our subjects were selected so as to make them simi-

lar in their basic socio-demographic and linguistic profiles, while leaving remaining individual 

differences subject to analysis. We categorized subjects into first- and second-generation groups 

based on their responses to a questionnaire administered during the recruitment process (see Sec-

tion 3), which included standard items pertaining to language history (Li, Sepanski, and Zhao 

2006) and additional items pertaining to immigration, educational history, and SES. 

2.3  Materials and Procedure 

The data examined in this paper were collected as part of a larger experiment. The stimuli that we 

used to test the processing of Comp-trace effects in Spanish consisted of complex Wh-questions 

like those shown in (5–6); (7) shows the base sentence from which the questions were derived.  

 

(5) que-less *Qué hermana confesó Inés  ||había comdio la tarta? 

 what sister confessed Inés  had eaten the cake 

 What sister did Inés confess had eaten the cake? 

(6) que-full Qué hermana confesó Inés que ||había comdio la tarta? 

 what sister confessed Inés that had eaten the cake 

 What sister did Inés confess had eaten the cake? 

(7) base sentence Inés confesó que su hermana había comido la tarta. 

 Inés confessed that her sister had eaten the cake 

  Inés confessed that her sister had eaten the cake. 

 

The target stimulus sentences (N=20) contained a syntactic anomaly, in that the subordinate clause 

was not introduced by the complementizer que, as in (5). The control stimuli (N=20) were gram-

matically well-formed sentences, identical to these target stimuli except that they contained the 

complementizer que at the embedded clause boundary, as in (6). Stimuli were recorded by a fe-

male native speaker of Spanish and were presented as natural running speech in two-sentence tri-

als. Each trial consisted of a declarative context sentence, as in (7), followed by a Wh-question 

related to the context sentence, either a target sentence (5) or a control sentence (6). These trials 

were interspersed with an additional N=270 filler items presented in the same trial format, and 

were distributed evenly over five blocks (N=62 trials each) and pseudorandomized so that the 

same condition never appeared in consecutive trials. Each block lasted approximately 15 minutes 

and subjects were given short breaks between each block.  

Subjects completed Experiment 1 seated in a comfortable chair, 70cm from a computer moni-

tor and external speakers in a shielded IAC booth. Prior to the task, each subject listened to rec-

orded instructions in English and Spanish and completed a practice session. Each trial was pre-

sented as follows: at 0ms a fixation cross appeared centered on the monitor; at 250ms a 1000Hz, 

100ms tone sounded; at 500ms the context sentence was auditorily presented, followed by 1000ms 

of silence; then the target stimulus was auditorily presented, followed by 3000ms of silence. Fol-

lowing 40% of the trials, a visual cue appeared that prompted subjects to answer a comprehension 

question about the trial. The experiment resumed 1000ms after subjects answered the question. 

Subjects were not asked to make any metalinguistic judgments during the ERP experiment. 

2.4  Data Recording and Reduction 

EEG data were recorded for 32 Ag/AgCl sintered electrodes mounted in a QuikCap, positioned 

according to the 10-20 International Electrode System (Jasper 1958).2 All electrodes were refer-

enced online to the nose, and mastoids were recorded for offline re-referencing. Eye movements 

were monitored by electrodes attached to the right and left outer canthi and above and below the 

left orbit. Continuous EEG data were amplified with a Neuroscan SynAmps2 amplifier, using a 

DC–100Hz low-pass filter, a 1000Hz sampling rate, with electrode impedances below 15kOhm. 

Continuous EEG data were saved with condition codes for off-line data reduction and analysis.  

                                                 
2 We collected data for the following electrodes: FP1, FP2, F7, F3, FZ, F4, F8, FT7, FC3, FCZ, FC4, 

FT8, T7, C3, CZ, C4, T8, TP7, CP3, CPZ, CP4, TP8, P7, P3, PZ, P4, P8, O1, OZ, O2. 
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 After recording, each continuous EEG file was pre-processed using Neuroscan Edit software. 

Each subject’s continuous EEG file was visually inspected to check for blocked or disconnected 

channels. For N=3 subjects, a single blocked channel due to a damaged electrode was interpolated 

in Neuroscan by creating a linear derivation based on neighboring electrodes. Following visual 

inspection, each EEG file was bandpass filtered at 0.1–30Hz using an FIR digital filter. Next, the 

Neuroscan Spatial SVD (ICA) and Spatial Filter functions were applied to the EEG to correct for 

large ocular artifacts (i.e., blinks).3 Following this procedure, the EEG file was segmented into 

epochs of 1000ms starting at the onset of the embedded verb in each target (5) and control (6) 

stimulus (indicated with “||” in (5–6)). The resulting epochs were corrected using a 200ms pre-

stimulus baseline. Epochs containing artifacts that exceeded a +/- 70µV threshold at any single 

electrode during the baseline region or between 0–900ms were removed from further analysis. At 

this point, the data for four subjects (N=3 second-generation, N=1 first-generation) who had fewer 

than 60% accepted trials over the experimental condition and all fillers were excluded from further 

analyses. For the remaining N=34 subjects, the artifact rejection procedure resulted in 88.06% 

retention of the total number of experimental trials.4 Data for these individual trials were exported 

to R for statistical analysis in order to determine the effects of absence/presence of the comple-

mentizer que on the processing of the target sentences. Data were downsampled in R to 250Hz and 

grand mean centered by time point, by item, and by participant. 

3  Subject Questionnaire 

Participants completed a 38-question survey to collect data on demographics and language back-

ground, including education, SES, self-reported abilities in English and Spanish, current language 

usage patterns related to different interlocutors and social situations, languages used during child-

hood and adolescence, and the amount of exposure to English over their lifetime.  

 The number of questions exceeded the number of predictors that we were able to enter into a 

Linear Mixed-Effects Model (LMM) due to the number of participants in the study and  collineari-

ty of the variables. To explore inter-relatedness, we examined the distribution of questionnaire 

responses and correlations between them. Related and correlated items were combined to create 

theoretically- and sociolinguistically-motivated composite variables. For example, a number of 

items probe language preferences with nine different interlocutors, which cannot all be included in 

the model, so we grouped these items into two composite variables: language used with family and 

language used with others. For the composite variable language used with family, we took the 

average of father, mother, siblings, children, and partner variables. For the composite language 

used with others, we took the average of friends, boss, coworkers, and classmates variables. Fol-

lowing this procedure, we examined the distribution and correlation of the reduced set of compo-

site variables to confirm that correlation was avoided and to ensure that the variables, especially 

language use and exposure to English, varied between and within generation. In the model, we 

included both variables that were entered as gathered and composite variables.  

3.1  Results and Discussion  

3.1.1  Approach 1: Group Comparison with Visual Inspection of Individual Electrodes  

This approach followed standard methods in heritage speaker research, grouping participants into 

first- and second-generation bilinguals according to their questionnaire responses, and compared 

potential effects across the two groups following common practices in ERP research, selecting 

electrode sites typically associated with N400 and P600 components (centro-parietal sites for 

N400; posterior sites for P600). 

For the first-generation group, no effect consistent with a P600 was found. However a signifi-

cant effect consistent with an N400 was found over sites CZ, CPZ, and CP3. A dependent 

measures t-test was run in R over the 200-400ms time window. Mean amplitude over these sites 

                                                 
3These functions utilize an independent component analysis (ICA) of each subject’s average blink pro-

file and point-by-point subtraction to correct individual blinks. 
4Retention rates were similar for target que-less trials (88.67%) and control que-full trials (87.35%). 
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for que-less sentences (M=-1.11, SD=0.96) was significantly more negative than mean amplitude 

over the same sites for que-full sentences (M=-0.47, SD=0.88), t(18)=6.62, p<.001, r=.84. This is 

illustrated in the left-hand plot in Fig. 1, which shows mean amplitude for the three electrode sites 

with 95% confidence interval bars. The blue (upper) wave indicates mean response to sentences 

with que (the control condition) and the red (lower) wave indicates mean responses to sentences 

without que (the anomalous condition). Figure 1 shows a negative going deflection for the que-

less (anomalous) condition which peaks between 200–400ms in the centro-parietal region, con-

sistent with an N400 (Kutas and Hillyard 1980, Swaab et al. 2012). The early peak of this compo-

nent is likely due to the auditory presentation of the stimuli (rather than written, as in most ERP 

studies on syntactic processing), in which co-articulatory cues in the offset of the preceding word 

may indicate presence or absence of que.5  

 

  
Figure 1: Mean amplitude over electrodes CZ, CPZ, CP3 for first- (left-hand plot) and second-

generation (right-hand plot) groups, with 95% CI bars. Positive is plotted upwards; data were 

downsampled to 250Hz before analysis and smoothed with a 100ms moving average. 

In contrast to the results for the first-generation group, no negative-going deflection consistent 

with an N400 was found for the second-generation group. A dependent measures t-test was run in 

R in the 200–400ms time window. Mean amplitude for the region of interest for que-less sentenc-

es (M=-0.40, SD=0.99) was not significantly different from the mean amplitude for the same re-

gion of interest for que-full sentences (M=-0.28, SD=1.24), t(14)=0.30, p=.77, r=.08. This can be 

seen in the right-hand plot in Fig. 1.  

These results appear to show a difference between the generations in the way que-less (anom-

alous) sentences are processed. Since an N400 is a reliable indicator of surprise at the lexical level, 

the N400 effect seen for the first-generation group can be interpreted as evidence of processing 

difficulties in the absence of the complementizer que in these sentences. The absence of an ERP 

component for the second-generation group can be interpreted as evidence that the missing com-

plementizer que did not affect processing for this group. Since the equivalent (grammatical) Eng-

lish sentences do not contain a complementizer, the contrast between first- and second-generation 

bilinguals could be ascribed to larger influence of English on the second-generation bilinguals. 

3.1.2  Approach 2: Individual-Level Comparison with Principal Component Analysis 

Approach 2 modeled N400 responses for all participants and then examined the effects of individ-

ual speaker variables (including generation) on component amplitude. The statistical analysis in-

volved three step: (1) a principal component analysis (PCA) of ERP amplitude, (2) individual 

speaker variable selection (discussed in Section 3), and (3) Linear Mixed-Effects Modeling. 

                                                 
5Other studies have also found the N400 effect to occur earlier in the auditory modality, e.g.,  Holcomb 

and Neville 1990, Swaab et al. 2012. 
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 To isolate a principal/rotated component consistent with an N400, a PCA was performed for 

ERP subtraction waves for all participants during the 200–400ms time window, using the psych 

package for R. The subtraction wave was calculated by-participant and by-item by subtracting 

amplitude for the que-full sentences from amplitude for the que-less sentences. For missing items, 

the participant-condition average was used. After calculating the subtraction wave, a spatial PCA 

with a promax rotation extracting 6 rotated components using the Cattell’s scree test as the stop-

ping criterion was performed for subtraction wave amplitude by time point between 200–400ms. 

The subtraction wave amplitude by-electrode by-participant by-item was scaled by the weightings 

for the fourth rotated component, which had the highest weightings over the centro-parietal region. 

Scaled subtraction wave amplitude, aggregating over the 200ms–400ms window for all electrodes 

for both groups was modeled using the lme4 package in R. Approximate degrees of freedom and 

p-values for predictor specific t-values were obtained using the Satterthwaite approximation im-

plemented in the lmerTest package in R.  

To test the hypotheses about the effect of generation on processing, we included generation as 

a predictor variable in the LMM. To explore the effect of SES on processing, we included a com-

posite SES variable as a predictor. To explore the effect of current English use we included com-

posite variables related to the domains where English is used, who participants use English with, 

and how much English is used when consuming media (watching television, listening to music, 

and reading) as fixed effects in the model. To explore the effect of language experience, we in-

cluded language use during childhood and adolescence and the proportion of the participant’s life 

spent in an English dominant environment as fixed effects. As random effects, we had intercepts 

for participant and items. Models with by-participant and by-item random slopes did not converge.  

A backwards elimination procedure was used for all predictor variables, removing in a step-

wise fashion the variable with the highest p-value in the intermediate models as determined by the 

t-value and the degrees of freedom. To determine if a given variable should have been retained,  

models with and without the variable were compared to check if the fit of the model without the 

variable was significantly degraded. The process was completed upon reaching a model for which 

no other variables could be removed without significantly degrading the fit. The final model con-

tained only significant predictor variables of N400 amplitude, shown in Table 1 below. 

The best fitting model has a significant main effect of English use in the home, social settings, 

and work; proportion of life in an English dominant environment, and SES (χ2(1)=5.78, p<.01). 

The mean scaled amplitude difference for 200–400ms decreased as participants’ English use in-

creased (β=0.43, SE(β)=0.15, t(32.44)=2.86, p=.007), as participants had been in an English-

dominant environment longer (β=0.63, SE(β)=0.13, t(32.34)=5.05, p<.001), and as participants’ 

SES increased (β=0.01, SE(β)=0.003, t(32.25)=2,55, p=.016). 

 

 Estimate 

Standard  

Error df t-value p-value 

 (Intercept) -1.64   0.35 33.07  -4.67 <.001 *** 

Use - English 0.43   0.15 32.44   2.86  .007 ** 

SES 0.01   0.00 32.25   2.55 .016  * 

Age – English 0.63   0.13 32.34   5.05 <.001 *** 

Formula in R: Scaled Amplitude ~ Use – English + SES + Age – English + 

(1 | participant) + (1 | item). 
† p<.1     *p<.05     ** p<.01     ***p<.001 

 

Table 1: Best fitting model for scaled amplitude across generation for N400. 

4  Experiment 2: Speeded Acceptability Judgments 

4.1  Rationale 

In addition to using ERPs to measure processing of Comp-trace effects in Spanish-English bilin-
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guals, we administered an acceptability judgment task during a separate visit to the lab, 10–14 

days after Experiment 1. We administered the acceptability judgment task as a secondary task in 

order to examine the relationship between processing and acceptability judgments for our stimulus 

sentences and to compare our results to the heritage speaker literature.  

4.2  Subjects 

The same subjects participated in both Experiment 1 and Experiment 2.6 

4.3  Materials and Procedure 

For Experiment 2, subjects were asked to provide acceptability judgments for a subset of the 

Comp-trace stimuli presented in the ERP task, using a five-point Likert scale with the ends and 

midpoints labeled in Spanish “natural,” “possibly natural,” and “not natural.” Stimuli were pre-

sented in trials similar to those used in the ERP task, though subjects were not required to fixate 

on the screen or answer comprehension questions. For each trial, subjects were instructed to judge 

the Wh-question only as quickly as possible, using a serial response (SR) box to indicate their 

judgment as soon as they were confident. The experimental trials were combined with N=97 filler 

items presented in the same trial format and distributed evenly over two blocks. The order of 

presentation was pseudorandomized so that the same stimulus condition never appeared in con-

secutive trials. Each block lasted approximately 20 minutes and subjects received a short break 

between them. Experiment 2 lasted approximately one hour. 

Subjects completed Experiment 2 seated in a comfortable chair, 70cm from a computer moni-

tor and external speakers in the same booth used in Experiment 1. At the beginning of the experi-

ment, each subject listened to recorded instructions in English and Spanish and completed a prac-

tice session. Each trial was presented as follows: at 0ms a blank screen appeared and the context 

sentence was presented auditorily; the offset of the context sentence was followed by 1000ms of 

silence and then the presentation of the Wh-question; at the onset of the Wh-question, a Likert 

scale appeared on the screen prompting subjects to make a judgment as soon as they were confi-

dent. The next trial began 1000ms following the button press.  

4.4  Results and Discussion 

Both first- and second-generation participants rated the que-less and que-full sentences as similar-

ly natural. A 2 (generation) x 2 (grammaticality) repeated measures ANOVA run on the partici-

pant responses in R using the ez package shows no significant main effect of grammaticality 

(F(1,31) = 0.99; p = .33; η2 = .008) or generation (F(1,31) = 0.006; p = .94; η2 = .0001). First-

generation participants rated the que-full sentences (M=2.02, SD=1.24) similar to the que-less 

sentences (M=2.14, SD=1.27) as did second-generation participants: que-less sentences (M=2.17, 

SD=1.41); que-full sentences (M=2.02, SD=1.44). 

5  General Discussion  

The objective of our study was to investigate processing patterns of anomalous sentences in the 

home language (Spanish) of first- and second-generation bilinguals, with a view to identifying 

individual speaker variables that might influence such patterns. We compared two methodologies, 

one which used a group comparison, looking at first- and second-generation bilinguals separately;  

and a second analysis, which put all subjects into the same group but used a mixed model analysis 

to seek out those speaker variables that are significant predictors of specific processing patterns.  

The results of the first methodology showed a significant difference in the amplitude of an N400 

between groups. If taken at face value, this would lead us to conclude that first-generation bilin-

guals, more than second-generation bilinguals, recognize que-less sentences as anomalous. This, 

in turn, could be taken to mean that second-generation bilinguals are more permeable to English 

patterns when processing their home language Spanish. It would also suggest that first- and sec-

                                                 
6One second-generation subject did not complete Experiment 2. 
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ond-generation bilinguals exhibit different linguistic patterns (albeit in our study this is only at-

tested in the receptive, and not the productive, mode) in their Spanish.   

 The second approach, however, showed that these conclusions are premature. A more fine-

grained analysis of the various factors that might contribute to an increase in N400 amplitude 

shows that generation per se was in fact not a significant predictor. Instead, variables related to 

English use were significant: amount English use in the home, social settings, and work; propor-

tion of life in an English dominant environment, and socio-economic status, which is likely to be 

an indicator of English use as well. Importantly, these factors cut across the two generations, sug-

gesting that (a) regardless of generation, usage factors significantly determine processing patterns; 

and (b) age of first exposure to English may not be as significant a factor as previously thought.  

The questionnaire revealed first-generation speakers’ first age of exposure to English to be 18, and 

that of second-generation speakers’ to be 6.  Under a Critical Period Hypothesis view, where age 

of exposure is predicted to be the determining factor, the variable “generation” should have come 

out as significant. Contrary to this, our results indicate that usage factors play a more important 

role. This result is consistent with studies such as Flege and Liu 2001 showing that second lan-

guage (L2) proficiency in both syntax and phonology are affected more by amount of use of L2 

than by age of arrival. Interestingly, the results of Experiment 2 show that judgment tasks are not 

good indicators of processing, and that having to appeal to metalinguistic knowledge may mask 

intrinsic knowledge. That is, when asked explicitly, both first- and second-generation subjects 

found que-less sentences to be acceptable, even though the N400 effect clearly indicated recogni-

tion of anomaly. One possibility for this result may be the “type” of the anomaly, which in our 

stimuli consisted of the absence of a very small utterance, que.  Since the stimuli were presented 

auditorily, it is possible that some subjects may have “repaired” the que-less sentences, rendering 

them more natural sounding. 
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