Principal Investigator/Program Director (Last, First, Middle):    Tokowicz, Natasha


a. Specific Aims

Learning a second language (L2) as an adult is difficult for several reasons. The proposed research will investigate two of these reasons. First, when adults begin to learn an L2, they have already amassed a vast amount of knowledge about their first language (L1). This L1 knowledge may interfere with the learning of the L2, depending on the similarity between the two languages (e.g., MacWhinney, 1997; Tokowicz & MacWhinney, to appear). Second, the manner in which adults learn an L2 may be vastly different from the manner in which children learn an L1. In particular, according to the Fundamental Difference Hypothesis (e.g., Bley-Vroman, 1988; see also DeKeyser, 2000), children rely on implicit learning mechanisms whereas adults rely on explicit learning mechanisms (e.g., problem solving) because implicit learning mechanisms are not available to adults. According to this hypothesis, individuals who are able to attain proficiency in an adult-learned L2 are able to do so because they have superior explicit learning and verbal ability.

Recent research (Tokowicz & MacWhinney, to appear), which was funded by an NIH Individual National Research Service Award to the applicant, suggests that even from the beginning stages of learning, adult L2 learners do actually have implicit knowledge of L2 grammar for some constructions, but not for others. In particular, adult L2 learners have implicit knowledge of L2 grammar for constructions that are similar in the two languages and for constructions that are unique to L2, but not for constructions that are different in L1 and L2. These distinctions in implicit knowledge could be explained by the mechanism of transfer from L1 to L2 and/or competition between L1 and L2 during L2 processing (e.g., The Competition Model, MacWhinney & Bates, 1989). What is not known from past research is whether the influence of cross-language similarity on the availability of implicit L2 knowledge applies equally to individuals with higher and lower verbal ability. 

Research by the applicant also suggests that L2 learners’ knowledge may not be revealed using tasks that require overt behavioral responses, such as those that require binary decisions, because at or near-chance behavioral performance on such tasks has been found in the presence of electrophysiological sensitivity to L2 grammatical acceptability, as revealed using event-related brain potentials (ERPs) (e.g., Tokowicz & MacWhinney, to appear). It is not known whether it is possible to make L2 learners’ implicit knowledge evident to them so that they can harness that knowledge to improve their L2 performance. However, results presented in the preliminary studies section demonstrate that it is possible to improve learners’ accuracy on an L2 grammaticality judgment task by presenting grammatical violations outside of sentence contexts and providing feedback after each response. However, it is as yet unclear whether such a shift from implicit to explicit knowledge (as evidenced by improved accuracy) helps to reinforce implicit knowledge (as evidenced by ERPs).

Finally, past research has shown that adult L2 learners who have achieved a high level of proficiency in L2 use more similar brain areas to process L1 and L2 than do adult L2 learners who have not achieved a high level of proficiency in L2 (e.g., Abutalebi, Cappa, & Perani, in press). However, it is not known whether the similarity of the brain areas used to process the two languages depends on an individual’s verbal ability. 

Thus, the proposed research will extend existing research on individual and cross-linguistic differences in adult L2 learning by testing three specific aims: 

Specific Aim #1 is to test the hypothesis that adult L2 learners with both higher and lower levels of verbal ability (as indexed by the Modern Language Aptitude Test; MLAT, Carroll & Sapon, 1959) are equally affected by cross-linguistic differences in terms of grammatical processing (as indexed by ERP sensitivity to grammatical violations).


The alternative hypothesis is that adult L2 learners of higher verbal ability will not be as affected by cross-linguistic differences in terms of grammatical processing as adult L2 learners with lower verbal ability. Instead, adult L2 learners with higher verbal ability will show implicit knowledge for all construction types. To test these hypotheses, an analysis of variance (or regression, depending on the distribution of MLAT scores) will be conducted with verbal ability, construction type, and acceptability and their interactions as predictors of the dependent measure of brain sensitivity, as indexed by the magnitude of an ERP component that is sensitive to grammatical violations, the P600. A significantly more positive mean amplitude of the P600 for unacceptable relative to acceptable sentences will be taken to indicate implicit sensitivity to the violations. 

Specific Aim #2 is to test the hypothesis that a shift from implicit to explicit knowledge (i.e., improved grammaticality judgment accuracy) will enhance the brain responses associated with sensitivity to violations of L2 grammar (as assessed using ERP sensitivity to grammatical violations). 


The alternative hypothesis is that the brain response is a precursor to the explicit knowledge and that there is no feedback that will enhance the brain response. To test these hypotheses, an analysis of variance will be conducted with phase (I—during which overt accuracy is not expected to exhibit sensitivity vs. III—during which overt accuracy is expected to exhibit sensitivity) and acceptability as explanatory factors of the dependent variable, P600 magnitude.

Specific Aim #3 is to test the hypothesis that the similarity of the brain regions that subserve the processing of L1 and L2 (as assessed using source localization software that will derive brain source information from the ERP record) will be more similar for individuals who have higher verbal ability than for individuals who have lower verbal ability.


The alternative hypothesis is that the brain similarity will not be different for individuals with higher and lower verbal ability. To test these hypotheses, SOURCE software will be used to estimate the dipolar brain source(s) of observed brain response. Statistical analyses will be conducted with language and verbal ability as predictors of the dependent measure of brain source(s). The pursuit of this question will provide pilot data for an R01 proposal that will allow higher resolution brain source localization using imaging techniques.

b. Background and Significance

Bilingualism is the rule rather than the exception around the world: more than half of the world’s population is estimated to speak more than one language. A better understanding of bilingual processing and second language learning has implications for issues that range from increasing national security to providing adequate healthcare to non-native English speakers in the United States. Furthermore, a better understanding of the process of second language learning may improve second language teaching procedures, which, in turn, may address these social concerns. For a more complete (though not exhaustive) treatment of applied reasons for investigating second language learning see Doughty and Long (2003). 

Adult L2 learners have a full L1 grammatical system in place when they begin to learn an L2. As a result, adult L2 learners have difficulty learning and processing some aspects of the L2, particularly those that differ in the two languages (e.g., Ijaz, 1986; Tokowicz & MacWhinney, to appear). Cross-linguistic differences pose a challenge to adult L2 learners because there is no support from the L1 for the structure in the L2, and because transfer from L1 to L2 would result in improper L2 use (e.g., MacWhinney, 1997). In the realm of L2 sentence comprehension, different languages use different linguistic cues; in English, word order is the strongest cue to subject assignment in Noun Verb Noun sentences, whereas in Dutch, case inflection is the strongest cue to subject assignment in such sentences. Thus, initially, native Dutch speakers learning English as a second language use case inflection to assign the subject role during English comprehension. However, increased proficiency in L2 is associated with L2 comprehension that is increasingly more similar to that of native speakers of that language (McDonald, 1987). In particular, native Dutch speakers learning English as an L2 shift from using the same syntactic cues to comprehend English as they use to comprehend Dutch (e.g., case inflection) to using the same cues as native speakers of English (e.g., word order). The syntactic cues used to comprehend the two languages thus become more distinct with increased proficiency in the L2; the result is more accurate L2 comprehension. In sum, L2 learners do eventually begin to comprehend L2 much like native speakers. But, when in language learning does this begin to take place, and to what extent does it depend on the similarity between the languages in the formation of particular grammatical constructions? 

To address the question of whether cross-linguistic differences in grammar affect adult second language learners’ L2 grammatical development, the applicant’s past research funded by an individual NRSA 

	Cross-language Similarity/Grammatical Construction
	Sample Sentence

	Similar (Tense Marking)
	Su abuela *cocinando/cocina muy bien. 

His grandmother *cooking/cooks very well.

	Different (Determiner Number Agreement)
	Ellos fueron a *un/una fiesta.

They went to *a (m.)/a (f.) party.

	Unique to L2 (Determiner Gender Agreement)
	*El/Los niños están jugando.

*The (s.)/the (pl.) boys are playing.

	Table 1. Sample stimuli taken from Tokowicz and MacWhinney (to appear).


investigated the influence of the similarity between L1 and L2 grammar on sensitivity to grammatical violations (Tokowicz & MacWhinney, to appear). Of particular interest were grammatical constructions that are different in the two languages, as contrasted with those that are similar in the two languages or those that exist in only one of the languages (see Table 1 for sample stimuli).

While their brain activity was monitored, native English speakers who were in the first four semesters of Spanish study read Spanish and English sentences and indicated whether they were grammatically acceptable in the language in which they were presented. In ungrammatical sentences, ERPs were measured from the onset of the word at which the sentence’s grammaticality should have been known (i.e., the “violation point”; e.g., the word “cooking” in “*His grandmother cooking very well.”); in grammatical sentences, ERPs were measured from the onset of the corresponding word (e.g., the word “cooks” in “His grandmother cooks very well.”). Accuracy to the grammaticality judgments for the different constructions (indicated at the end of each sentence) was also recorded. 
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	Figure 1. Mean amplitude in microvolts during the mid-P600 time window (700-900 ms post-violation point; Kaan & Swaab, 2003) across 9 electrode locations by sentence acceptability and cross-language similarity (adapted from Tokowicz & MacWhinney, to appear). More positive amplitude to unacceptable sentences than acceptable sentences indicates sensitivity to grammatical violations for similar and unique constructions, but not for different constructions.


There were three main findings. First, the similarity between the two languages determined whether learners were sensitive to violations of grammatical constructions as evidenced by their brain responses, such that learners in the beginning stages of acquiring an L2 as an adult were sensitive to violations of constructions that were similar in L1 and L2, but were not sensitive to violations of grammar for constructions that were formed differently in L1 and L2. By contrast, beginning L2 learners were sensitive to violations of grammar for constructions that were unique to the L2 (see Figure 1). Second, this pattern of sensitivity was observed in the absence of sensitivity on the overt grammaticality judgment task; participants were yes-biased but near chance overall (average accuracy 66%; see Figure 2). Due to the yes-bias, d( scores were examined as a measure of sensitivity to violations; a d( score of 0 indicates no sensitivity whereas a d( score of 4 indicates perfect sensitivity. In this study, d( ( 1.2 for similar and different constructions and( .5 for unique to L2
constructions. Thus, the participants’ overt accuracy did not display sensitivity to violations. Moreover, overt accuracy (and d() was lowest for the very condition that exhibited highest ERP sensitivity, unique to L2. Third, neither self-rated L2 proficiency 
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	Figure 2. Mean grammaticality judgment accuracy as a function of sentence acceptability and construction type (adapted from Tokowicz & MacWhinney, to appear). Near-chance accuracy and insensitive d( measures for judging grammatical acceptability suggests that this overt behavioral measure is not a sensitive measure of implicit L2 knowledge.


nor length of experience with the language predicted ERP sensitivity to violations or accuracy of judgments; however, current 

semester of study did predict accuracy, such that learners in later semesters were more likely to accurately reject unacceptable sentences from the different and unique to L2 constructions. This latter finding suggests that explicit knowledge is gained with increased L2 classroom instruction. Critically, however, accuracy of judgments was not correlated with sensitivity as measured using ERPs.

A similar divergence between ERP and overt behavioral measures in L2 learners was reported by McLaughlin, Osterhout, and Kim (in press). They used ERPs to examine word learning during the beginning stages of adult L2 learning in individuals with various amounts of experience with French as a second language (14 hours of exposure, 63 hours of exposure, 138 hours of exposure). While their brain activity was monitored, participants viewed prime-target pairs and indicated whether the target items of each pair was a real French word. The stimuli included related word pairs, unrelated word pairs, and word-pseudoword pairs. McLaughlin et al. found that even individuals with only 14 hours of French instruction were sensitive to word/pseudoword differences (as indicated by ERPs), and that individuals with 63 or 138 hours of exposure were also sensitive to related/unrelated word differences. Most relevant to the proposed study is that these brain responses were found in the absence of accurate word/nonword judgments. Thus, there was a divergence between the implicit measure of ERPs and the explicit measure of overt lexicality judgments: this divergence underscores the use of ERPs as an index of implicit knowledge. 

Using ERPs to Measure Implicit Knowledge

The question of whether adult L2 learners process L2 implicitly is not easy to answer, partly because there are few tools available that are agreed on as clearly measuring implicit knowledge. ERPs provide such a measure and are useful for studying implicit knowledge because their measurement does not require that an explicit task be performed, and because they have superb temporal resolution. Therefore, ERPs may be instrumental in determining the extent of implicit processing by adult L2 learners (Hulstijn, 2002). ERPs are electrophysiological brain responses to particular stimulus events (e.g., reading a word) and are derived from the electroencephalographic record. Specific ERP components are considered indices of specific cognitive events (Coles, Gratton, & Fabiani, 1990). In particular, past research has identified a component called the “P600” that corresponds to sensitivity to grammatical anomalies (e.g., *The cat won’t eating.). ERPs, and the P600 in particular, have been used with success to study the degree to which individuals are sensitive to grammatical anomalies (e.g., Osterhout & Nicol, 1999). ERPs have been used in a variety of domains to measure implicit processing. For example, Tachibana et al. (1999) used ERPs to measure implicit memory processing. Koelsch, Gunter, Schröger, and Friederici (2003) used ERPs as a measure of implicit knowledge of musical regularities in non-musicians. Morris, Squires, Taber, and Lodge (2003) used ERP components to measure implicit social attitudes. Rugg et al. (1998) demonstrated that ERPs vary with other measures of implicit memory, providing further support for the idea that ERPs are a valid measure of implicit processing. This large body of evidence from several areas of research supports the use of ERPs as a measure of implicit processing. And, research presented in the following section supports the use of the P600 a measure of L2 implicit processing in particular.
c. Preliminary Studies

The applicant’s preliminary study was aimed at determining whether the accuracy with which adult L2 learners make L2 grammaticality judgments could be improved. During Phase I of this preliminary study, adult L2 learners judged the grammaticality of Spanish sentences. In Phase II, participants responded to the grammaticality of word pairs that had been extracted from sentences similar to those presented during Phase I (e.g., “el fiesta” which is not acceptable in Spanish); after responding to the grammaticality of a word pair, a feedback screen was shown that indicated the participant’s accuracy on that trial. During Phase III, participants again judged the grammaticality of sentences without feedback; the sentences contained violations similar to those presented in Phases I and II. Some concepts from Phase II were repeated in Phase III in either their identical (e.g., “…el fiesta…”) or in their opposite form (e.g., “…la fiesta…”). The pattern of accuracy for Phases I and II, and for new items presented during Phase III, are shown in Figure 3. Phase significantly influenced judgment accuracy (p < .01). Accuracy during Phase I was near chance (d( = .24). Examination of the 95% confidence intervals revealed significantly improved accuracy during Phase II (d( = 2.36) relative to
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	Figure 3. Grammaticality judgment accuracy by phase of the preliminary study. Accuracy for sentence grammaticality judgments was improved in Phase III relative to Phase I.


Phase I. Furthermore, Phase III accuracy for new items was significantly improved over accuracy during Phase I, but was significantly lower than accuracy during Phase II (phase III overall d( = 1.28). Although the repeated items in Phase III were responded to more accurately than new items from Phase III, they were responded to less accurately than items presented during Phase II. Thus, the procedures used during Phase II were successful in significantly increasing accuracy, with some remaining benefit for Phase III processing. Note that this finding is unlikely to be due simply to practice effects because Tokowicz and MacWhinney (to appear) did not observe a similar improvement with increased practice on the sentence task (i.e., during the last third of the trials). The results of this preliminary study are encouraging with respect to the ability to improve L2 learners’ accuracy on grammaticality judgments. However, additional stimuli would be needed to manipulate the three cross-language similarity conditions (similar, different, unique to L2) used in the Tokowicz and MacWhinney study. Therefore, the first step of the proposed research will be to pilot three versions of a task intended to examine the effects of cross-language similarity on L2 grammatical processing before and after improving learners’ accuracy on the grammaticality judgment task. These pilot experiments will also help to determine whether any changes to the stimuli or task parameters are warranted.

d. Research Design and Methods

In the proposed study, while the electrical activity of the brain is recorded non-invasively from the surface of the scalp, native English speakers who are in the early stages of learning Spanish as a second language (the first four semesters of study) will judge whether sentences and/or word pairs are grammatically appropriate in the language of presentation (Spanish or English). Individuals in the first four semesters will be selected because they are still in the beginning stages of learning a new language, but should have learned the grammatical constructions of interest well by the fourth semester of study. In addition, including participants in four different semesters allows for the evaluation of L2 learning as it changes over time. All procedures will be the same for the pilot experiments and the primary experiment, excepting changes motivated by performance during the pilot experiments.
Pilot Participants. The participants in the pilot experiments will be 36 native English speakers who are learning Spanish as a second language (12 participants in each of three pilot experiments; three from each of the first four semesters of Spanish language courses at the University of Pittsburgh). People who were exposed to other languages during childhood will not be included as participants because the proposed study is not designed to control for grammatical acceptability in languages other than English and Spanish. Due to variability in language representation across the brain hemispheres for left-handed individuals (e.g., Szaflarski et al., 2002), only right-handed participants will participate in the proposed study. 

Pilot Experiments. Because the specific aims of the proposed research involve attempting to improve grammaticality judgment accuracy as much as possible, pilot testing will be used to determine the best method for improving accuracy. The pilot version that elicits the highest overall accuracy rate will be employed in the primary experiment. It is possible that the sentences in Phase III of the preliminary study mentioned above would have benefited more if feedback had been presented following judgments about sentences rather than about word pairs. Alternatively, it is possible that the feedback was not as helpful as removing the violations from their sentence contexts, which allowed the learners to focus on the types of violations that later appeared in sentence contexts. To determine whether feedback and/or the word pairs were responsible for the observed improvement, three versions of the study will be piloted. 

All conditions of the pilot experiments will be similar to the preliminary study described above, with the exceptions that the information provided during Phase II will vary depending on the version of the experiment and that no stimuli will be repeated. Pilot Version A will be the same as the above preliminary study; feedback will be provided following word pairs. In Pilot Version B, feedback will be provided following sentences, and in Pilot Version C, word pairs will be presented without feedback. This procedure will allow determination of the most effective method of improving performance on the judgment task. Should no stimulus or procedural changes be necessary, the pilot data from the selected version will serve as data for the primary experiment. 

Pilot Stimuli. The stimuli for the pilot study will be drawn from the set used by Tokowicz and MacWhinney (to appear); however, additional sentences and word pairs will be devised so that they can be pilot tested and because one of the critical conditions used in that study (tense omission—similar in L1 and L2) is not readily adaptable to the word pair condition. Thus, the critical stimuli in Pilot Version B, which does not include word pairs, will include the three critical stimulus types used by Tokowicz and MacWhinney, as well as the additional one that will be used during the word pair condition. This latter condition will be included to facilitate comparison of accuracy rates across the different versions of the pilot experiment. The stimuli will be randomly assigned to two versions of the stimuli; these multiple versions will be created so that the stimuli that one set of participants sees in their acceptable form will be seen in their unacceptable form by another set of participants. 
The critical Spanish stimuli in the pilot study will come from 4 grammatical constructions. Of these constructions, two will be formed similarly in English and Spanish (tense marking and subject verb agreement), one will be formed differently in English and Spanish (determiner number agreement), and one will be unique to Spanish (determiner gender agreement; see Table 2 for sample stimuli). In this study, similarity is defined in terms of word-for-word translation which is thought to be a primary source of difficulty for adult L2 learners. Thus, a construction is similar if it is acceptable in the language of presentation and when it is translated in the other language word for word. If word pairs are not necessary for the main experiment, the critical constructions employed by Tokowicz and MacWhinney will be used in the primary experiment to facilitate comparisons of the results. A total of 120 Spanish stimuli will be presented during each phase in Versions A and C and 160 will be presented in each phase in Version B; the items will be equally divided among the critical and acceptability conditions. 

	Cross-language Similarity/Grammatical Construction
	Sample Sentence
	Sample Word Pair

	Similar (Tense Marking)
	Su abuela *cocinando / cocina muy bien.
His grandmother *cooking/cooks very well.
	N/A

	Different (Determiner Number Agreement)
	Ellos fueron a *un / una fiesta.

They went to *a (m.)/a (f.) party.
	*un / una fiesta

	Unique to L2 (Determiner Gender Agreement)
	*El/Los niños están jugando.

*The (s.)/the (pl.) boys are playing.
	*el / los niños

	Similar (Subject Verb Agreement)
	Ellos *vive / viven en España.

They *lives (s.)/live (pl.) in Spain.
	ellos *vive / viven

	Table 2. Sample stimuli for the pilot experiments.


The applicant is proficient in Spanish and therefore will develop the materials, however, several native speakers of Spanish will verify the grammaticality of the sentences and the violation point markings. The stimuli will be constructed to include common words that should be known by students in all levels of Spanish study. The words that appear at the violation point will not be seen more than once by a given participant. The location of the violation point will vary across sentences to keep predictability low. Both acceptable and unacceptable versions of each stimulus will be devised; these two versions will be counterbalanced across participants; no participant will see both versions of a sentence or word pair.

The English stimuli will come from 3 grammatical constructions (subject-verb agreement, tense omission, and reflexive agreement). The subject verb and reflexive agreement sentences were adapted from Osterhout and Mobley (1995) and the tense omissions were adapted from Osterhout and Nicol (1999). A total of 120 English sentences will be presented; there will be 40 instances of each construction type and an equal number of acceptable and unacceptable stimuli. The inclusion of English sentences for all participants will allow the comparison of L1 and L2 responses; in addition, responses to English sentences can be considered a verification that the equipment was functioning properly in the event that ERP differences are diminished in L2.
Pilot Design. A 3 version (A, B, C) X 3 phase (I, II, III) X 3 cross-language similarity (similar, different, unique to L2) X 2 acceptability (acceptable, unacceptable) mixed design will be employed.

Pilot Task Sequence. Participants first will be measured for the proper electrode cap. After the cap is situated properly, the main experimental task will begin. This experiment will take place in a dedicated ERP lab, with the participant seated comfortably in an isolated room. The participants will read the stimuli from a computer monitor in the testing booth while the experimenter monitors the ERP recording in the adjacent room. Phase I will consist of sentences in Spanish; Phase II will consist of word pairs or sentences, depending on which version of the pilot experiment is being run; Phase III will consist of Spanish sentences; and Phase IV will consist of English sentences. After completing Phase IV, participants will take the MLAT subtest 4 (Words in Sentences). Finally, the participants will complete a language history questionnaire that requests information regarding L1 and L2 language experiences. The questionnaire includes open-ended questions and self-ratings of reading, writing, speaking, and speech comprehension abilities in L1 and L2 on a 10-point Likert-type scale. The information derived from the language history questionnaire will be obtained for descriptive purposes; the information facilitates comparison of participant groups across semesters and experiments.

Phases. Regardless of the version of the pilot experiment, during Phases I, III, and IV, participants will make grammaticality judgments to sentences. Depending on the pilot experiment that is being run, during Phase II, participants will see (a) word pairs with feedback, (b) sentences with feedback, or (c) word pairs without feedback. Generally, participants will be asked to respond to whether the sentences/word pairs are acceptable in terms of grammar in the language of presentation. Participants will read the stimuli on a computer screen; half of the stimuli in each phase will be grammatically acceptable and the other half will not. The participants will
judge whether the stimuli are acceptable and will respond by pressing buttons on a computer keyboard. ERPs will be recorded in addition to grammaticality judgment accuracy; although accuracy is the critical factor to be assessed during the pilot study, ERPs will also be recorded so that the experimental context will be as similar as possible to that of the primary experiment and so that the pilot data can be used if no changes are made before running the main experiment. The pilot study will also be used to identify any problematic stimuli or procedures that should be revised. 
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	Figure 4. Time line of events during sentence trials. The sequence begins with a fixation cross which disappears when the participant presses the space bar. It ends when the participant makes a judgment in response to the question-mark probe. Note that sample sentence is shorter in length than experimental sentences.


Figure 4 provides an overview of the time line of events during sentence trials. Sentences will be presented one word at a time, at the center of the computer screen. Each word will remain on the screen for 300 ms with a blank screen appearing for 350 ms between words (Osterhout, personal communication, March 30, 2001). These timing parameters will be used to maximize the likelihood of detecting sensitivity to grammatical violations without the post-violation word obscuring the effect. After the offset of the final word of the sentence, a blank screen will appear for 500 ms, followed by a prompt (?). At this point, participants will respond to the sentences by pushing one key if they think the sentence is acceptable and another key if they think it is unacceptable. During Versions A and B, feedback will be presented following the response key press (a screen that says “correct” or “incorrect”), and will appear for 1000 ms. 

During word pair trials (see Figure 5), a fixation cross will appear until the participant presses the space bar. Following this space bar press, word pairs will be presented for 750 ms with a blank screen appearing for 500 ms after each word pair. This will be followed by a prompt (?) that will remain on the screen until the participant makes a button-press response. During Versions A and B, feedback will be presented following the key press and will appear for 1000 ms. 
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	Figure 5. Time line of events during word pair trials. The sequence begins with a fixation cross which disappears when the participant presses the space bar. It ends when the participant makes a judgment in response to the question-mark probe.


Participants will be instructed to blink while the fixation cross is on the screen, and not to initiate the beginning of the trial until they have finished blinking; this procedure will minimize obfuscation of the ERP data that occurs when people blink. Participants will also be instructed to remain as still as possible while the stimuli are on the screen. In all conditions and phases, the stimuli will be presented in a random order determined by the computer program (STIM2; Neuroscan, Compumedics, Incorporated, Texas, USA) that will also record button-press responses and send critical word onset information to the ERP acquisition software (ESI). Note that due to the timing of the task, reaction time measures will be obtained but will not be informative because the responses are delayed.

ERP recording details. The ERP data will be recorded using 128-channel Neuroscsan Quick-Caps and associated ESI acquisition software. The electrodes used in the analyses of variance correspond to these international 10-20 system (Jasper, 1958) electrode locations: F3, Fz, F4, C3, Cz, C4, P3, Pz, and P4. All impedances will be kept below 10k(. The vertex (Cz) electrode will be used as the reference during recording; data will be re-referenced off-line using the average of all electrodes (Lehmann & Skrandies, 1980). The sampling rate will be 1000 Hz. The data will be filtered off-line using a 30 Hz low-pass filter. 
Assessing Verbal Ability. Verbal ability is often measured using Carroll and Sapon’s (1959) Modern Language Aptitude Test (MLAT). Although this test was developed many years ago, it is still considered a valid measure of verbal ability, and is still one of the best predictors of adult L2 learning aptitude (Carroll, 1990; DeKeyser, 2000; Parry & Child, 1990). Particularly relevant to the proposed study, subtest 4 of the MLAT, “Words and Sentences” measures grammatical sensitivity, which was defined by Carroll (1971) as “the individual’s ability to demonstrate an awareness of the syntactic patterning of sentences in a language, and of the grammatical functions of individual elements in a sentence” (p. 5). In this subtest, 45 test sentences are presented. The final set of items in the subtest were selected from a larger set because of their superior ability to distinguish individuals of different aptitude levels (CITE). For each item, test takers are to indicate which of the five identified words in the second sentence plays the same role in that sentence as the underlined word does in the key sentence.

Key sentence: John said THAT Jill liked chocolate.

	In
	our
	class,
	that
	professor
	claimed
	that
	he
	knew
	that
	girl
	on
	the
	TV
	news.

	
	A
	
	B
	
	
	C
	
	
	D
	
	
	E
	
	

	C is the correct answer.


The participants will be put into two groups (higher, lower) based on their verbal ability (one point is given for each correct answer) if there is a bimodal distribution of scores. In the more likely event that the scores are normally distributed, regression analyses will be used and verbal ability will be treated as a continuous predictor variable. Restricted range?
Data Reduction and Analysis

Accuracy. Accuracy rates will be calculated for each participant during each phase for each construction type. Separate analyses with participants and items as random factors will be conducted; for the pilot study, the item analysis will aid in the identification of any problematic stimuli. D' will be calculated and used as a measure of sensitivity that can be compared to the sensitivity observed using ERP measures. In addition, the accuracy can be used to ensure that the participants were indeed attending to the task and not simply pressing the same button repeatedly. In such a situation, the data from that participant would be removed. 

ERP Measures. The critical word in each sentence will be at the violation point. ERPs in response to these critical words will be examined relative to the ERPs recorded during the baseline period, which is the 100 ms prior to the onset of the critical word. ERPs will be averaged within each cross-language similarity condition, acceptability condition, and phase for each participant during two time windows. The time windows of interest correspond to the early P600 (500-700 ms post-stimulus) and the second corresponds to a delayed-onset P600 (the mid P600; e.g., Kaan & Swaab, 2003) that may be more typical of L2 processing. The grand average across participants for each condition will then be calculated. These grand average ERPs will then be analyzed as described in the Specific Aims section above. 

Prior to analysis, each recording file will be subjected to artifact detection processing. This processing will include blink reduction, which reduces blink artifact, ocular artifact reduction, which reduces artifact associated with eye movements, and EKG noise reduction. Following artifact reduction, data from participants whose data consist of more than half bad trials will be excluded; those data will be removed from the analysis and additional participants will be tested in their stead.

ERP data analyses will include both correct and incorrect trials, because past studies (e.g., McLaughlin et al., in press; Tokowicz & MacWhinney, to appear) have shown that the ERPs produced by beginning L2 learners show sensitivity to L2 violations, even when overt judgments are insensitive to these violations. If needed, the analyses will also be conducted using “adaptive means” which correct for variability across trials (“latency smearing”; e.g., Hoffman, Simons, & Houck, 1983). Using this procedure, a peak is identified during a particular time window. Then, the peak becomes the center of the newly-defined 200 ms time window. The mean for the new window is then calculated (the “adaptive mean”). 

SOURCE software will be used to estimate the dipolar brain source(s) of observed brain response. Statistical analyses will be conducted with language and verbal ability as predictors of the dependent measure of brain source(s). 

Primary Experiment
The procedures and stimuli used will be the same as for the pilot experiments, except for any changes that are indicated during pilot testing. 

Design. A 2 verbal ability level (higher, lower) X 3 phase (I, II, III) X 3 cross-language similarity (similar, different, unique to L2) X 2 acceptability (acceptable, unacceptable) mixed design will be employed.

Participants. The participants in the proposed experiment will be 64 native English speakers who are learning Spanish as a second language (16 participants in each of the first four semesters of Spanish language courses at the University of Pittsburgh). In addition, 16 native Spanish speakers who are somewhat proficient in English will be tested to verify that all constructions are equal with respect to their responses by native speakers. Ideally, a group of native Spanish speakers with no knowledge of English would be tested as a baseline of native Spanish effects (with no other-language influence). An attempt will be made to find such a population but it is expected that most native Spanish speakers in the university community will be at least somewhat proficient in English. 

Timeline

The tentative sequence of events under this grant are as follows. During the initial period of the award period, the two pilot versions of the experiment will be programmed and piloted. The pilot data will then be analyzed. The information obtained will be used to select the primary experiment version, which will then be programmed. Participants will be recruited and tested; data will simultaneously be preprocessed. After participant testing completes, data analyses will take place. Care will be taken to ensure that individuals are not enrolled in the study more than once. Finally, the results will be written up in a manuscript.

Furthermore, it is anticipated that the collected data may be analyzed with respect to the hypothesis that the similarity of the brain regions used to process L1 and L2 for a particular grammatical construction depends on the similarity of the way that construction is formed in the two languages. Although pursuit of this question is slightly outside the scope of the present proposal, the data will be available from the proposed study to examine this question. The results with respect to this hypothesis, and to the hypothesis presented in Specific Aim #3 (that the similarity of the brain regions used to process L1 and L2 are more similar for individuals with higher verbal ability) will form the basis of an R01 proposal to further examine the factors that influence the similarity of the brain areas used to process L1 and L2 by adult learners. 

e. Human Subjects Research

1. Risks to the Subjects

Human Subjects Involvement and Characteristics:

The proposed research will involve the participation of 76 native English speakers who are learning Spanish as a second language at the University of Pittsburgh. An additional 12 native Spanish speakers will participate in this research.

Individuals who were exposed to languages other than English or Spanish during childhood will be excluded from participation because the knowledge of another language can confound the results and it is not possible to control for knowledge of all other possible languages.

The particular groups of subjects are being selected for their participation because the aim of the proposed research is to examine specific aspects of second language learning that are relevant to native English speakers learning Spanish. In subsequent research that is out of the scope of the proposal, these aspects of language may be generalized to populations of individuals with different language profiles. 

In addition, only individuals who are right handed will be included in this experiment because the pattern of brain responses elicited by left-handed individuals is different from and more variable than the pattern of brain responses elicited by right-handed individuals.

The ages of the subjects will likely be between 18 and 21 because approximately 79% of the undergraduate students at the university are between these ages; however, older individuals will not be excluded from participating.

Sources of Materials:

The only research material to be collected in the present experiment are accuracy scores and recordings of event-related brain activity. These data will be obtained specifically for research purposes and no existing records will be used.

Potential Risks:

The potential risks to subjects in the proposed experiments are minimal because the equipment is safe, reliable, and completely isolated (electrically), and because confidentiality is preserved at all times. Subjects are not given any feedback about the accuracy or speed of their responding beyond that given during the task.

2. Adequacy of Protection Against Risks

Recruitment and Informed Consent:

The native English speaking subjects will be recruited through flyers distributed to their language instructors and through ads placed in the university newspaper. Participation will be fully voluntary. The native Spanish speakers will be recruited through flyers that will be hung in campus buildings and through ads placed in the university newspaper. 

The flyers will advertise a study on second language learning and will state that “This study involves indicating whether a set of sentences seem well-formed in Spanish and English while your brain activity is recorded painlessly by a cap we put on your head.” Consent will be obtained from each person prior to his or her participation through an informed consent document that was approved by the University of Pittsburgh’s Institutional Review Board.

Protection Against Risk:

Subjects’ names will not be recorded which will guarantee the confidentiality of the results. Data from the computerized task and questionnaire will be liked with a code number. Only the experimenter will have access to the subjects’ names during recruitment and this information will be destroyed after participation is completed. 

The cap used to record brain activity is sterilized between uses according to the manufacturers’ instructions. This prevents contamination from other individuals. 

3. Potential Benefit of the Proposed Research to the Subjects and Others

I have conducted research on second language learning for the past 11 years. It has been my experience that individuals who are in the process of learning a second language are quite interested in learning more about this process, and benefit greatly from discussing this process with the experimenters. Additional benefits to the subjects are an increase in their knowledge and awareness of methods used in experimental psychology and cognitive neuroscience. Furthermore, one goal of the proposed research is to improve accuracy on second language tasks, therefore the subjects may have improved second language skills following participation in the study. The potential benefits to society are an increase in our understanding of second language learning and the links between brain activity and first and second language processing, which may lead to better second language teaching methods. Because the risks to the subjects are minimal, they are reasonable in relation to the anticipated benefits to the subjects and to others.

4. Importance of the Knowledge to be Gained

As mentioned above, the potential benefits of the whole research to society are an increase in our understanding of second language learning and the links between brain activity and first and second language processing, which may lead to better second language teaching methods. 

Inclusion of Women

The native English speaking subjects will be recruited from the general population of students at the University of Pittsburgh (in particular, students attending language courses), and therefore, the inclusion of women is expected to reflect the demographics of the student body (see Targeted/Planned enrollment table on page 21).

Inclusion of Minorities

The native English speaking subjects will be recruited from the general population of students at the University of Pittsburgh (in particular, students attending language courses), and therefore, the inclusion of minorities is expected to reflect the demographics of the student body. The native Spanish speaking subjects will come from the population of Hispanics at the University, and therefore the inclusion of this minority group should be greater than the percentage enrolled at the university (see Targeted/Planned enrollment table on page 21).

Composition of the Proposed Study Population

The composition of the subjects to be included in the proposed research will largely match the demographics of the greater university community (see Targeted/Planned enrollment table on page 21). The selection criteria are that the subjects be native English speakers who are studying Spanish at the University (with the exception of the group of 12 native Spanish speakers). No particular ethnic, racial, or gender group will be excluded from the proposed research. The proposed dates of enrollment in the study are between May, 1995 and April, 1997. Women and minorities will be recruited using the same methods as other subjects. My past experience with this population has shown that additional recruitment procedures are not necessary because the Spanish classes are representative of the student body in terms of ethnic/racial groups and gender.

Inclusion of Children

Because the subjects will be undergraduates who are enrolled in the Spanish classes, it is likely that children will be included in the population tested. In particular, approximately 79% of the undergraduates are between the ages of 18 and 21 and therefore children between these ages will be included in the proposed research.

Targeted/planned enrollment table here
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