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Abstract

Studying lexical learning across writing systems in beginning lears@ne way to provide
insight into how second language (L2) learners approach an entirely uafanttography and
to determine whether previous language learning effects are generaizkriguages that have
minimal overlap. This study examined initial L2 orthographic and semantic dguia
monolingual native English speakers who learned a fixed set of Chinese wordsamceiec!
laboratory conditions. Participants were tracked to obtain longitudinal behaamor&vent-
related potentials (ERP) data in 10 sessions of L2 vocabulary learning. Wackalard
translation and semantic categorization were assessed. Behavioraipgetdes] that

participants gradually acquired the L2 stimuli items and several ERpor@nts showed
changes during the course of the study. Compared to L1 items, an enhanced P2 comgonent wa
seen to L2 items in semantic categorization. A small but growing N400 compondentate
anterior effect in L2 items were seen to increase at later sessioss. &ifexts appeared to
depend on individual differences and the degree of successful learning, as pastieipahad
better behavioral results showed distinct patterns of ERP activation hipahose who
performed less well. Complete learners showed a negative shift over theraegon of the
brain while incomplete learners showed a posterior positive effect, both of whiehiglar
lateralized. The observed differences could relate to differemtaépsing styles or strategy use.
Interestingly, a shift in latency of the N400 component was seen to sensagorzation in

English (L1 items), suggesting that L1 could be influenced at a very eanlyipai2 learning.



Although being bilingual has many advantages, learning a second language (L2) in
adulthood seems like a daunting task to many people. Until relatively reaenths believed
that L2 learning after a certain critical period would result in pooreocgc with the ultimate
L2 attainment never reaching the natural fluency of a first languagew@hkiperhaps based on
the false notion that neurons, and by extent brain networks, stop growing in adulthood. However,
mounting evidence shows that the brain undergoes structural changes spefetaityto
learning well into adulthood (May, 2011). This plasticity in the adult brain prompts many
guestions related to neural changes resulting from learning an L2 in adulthbatis\vthe time
course of these changes and can we identify neural signatures of L2 [ednicganges in
language processing differ for L1 and L2? Are changes dependent on fedtinetanguages

such as their writing systems?

Vocabulary knowledge forms the basis of spoken communication and reading
comprehension from the earliest point of L2 learning. Both in beginning and advancgdabili
speakers, the fundamental role of vocabulary in the fluent use of L2 is well documented (e
Nation, 1993; 2001). A number of studies have examined novel word learning in adulthood in
first language, where participants learned a set of low frequency vogaibehas or
pseudowords in which phonotactic rules of their native language were preseisekifiir
Perfetti, and Collins-Thompson, 2010; Mestres-Misse, Rodriguez-Fornells, & Munte, 2007;
Perfetti, Wlotko, & Hart, 2005). These studies found that novel words in which meaning
acquisition was achieved showed behavioral and neuronal changes approaching#hatlof r
words. Integration of the new vocabulary items into the existing lexicon ivedyaeasy,
because the orthographic and phonological systems were familiar to thedebrwentrast, any

second language learning involved building up new orthographic, phonotactic, or grammatical



rules. Effects of these learning processes and rule abstraction woufgkb@kg prominent in

the initial phase of L2 learning.

An important factor in L2 research is the proficiency or fluency of the LihéeaNot
surprisingly, experience with a foreign language changes how the words enizédie are
perceived and processed as well as how they are used. From initiallyib&ngliar with the
language to achieving native-like proficiency, the L2 learner should displagesan brain
activities in response to L2 vocabulary items. A recent study by Midglagpkhb, and
Grainger (2009) compared how words in L1 and L2 were processed by bilingualeadrdiff
proficiency levels, measured by event-related potentials (ERP). A fewc&Rponents were
found to differentiate less proficient and more proficient bilinguals of Engfidieench. In
particular, by 150ms after stimulus onset, the peak amplitude was more negativéHan IL2
words at posterior sites on the scalp. This difference was found in beginningrnes¢eaut not
in more proficient bilingual speakers. Additionally, the N400 component was snoall2r t
words than L1 words in less proficient learners, but virtually the same in mongeexeel
bilinguals. Neuroanatomical data have also supported the role of L2 proficrebidyngual
lexical processing (Abutalebi, Cappa, & Perani, 2001; Perani & Abutalebi, 2005; Stein,
Federspiel, Koenig, et al., 2009). The activation patterns for L1 and L2 words wersimiar
in bilinguals with higher L2 proficiency. In particular, activation in the imfieffontal gyrus seen
to L2 words was reduced when participants became more proficient in L2, suggeste

automaticity and less reliance on L1 translation (Stein et al., 2009).

Many of the bilingual studies conducted to date used English and Romance languages
that share an alphabet. Although significant differences were seen, theetdtisaship between

L1 and L2 made it difficult to isolate the unique contribution of various processes d@ring



word learning. To tackle this problem, some researchers have chosen torceréteial
language or use pseudowords to better manipulate word features such astiaamtiar
phonological similarity (e.g. De Groot and Keijzer, 2000; Finkbeiner & Nicol, 2003) eMexy
motivation to learn the new vocabularies might be compromised in these experimants. |
longitudinal study, using natural languages and recruiting participants whorhanterast in

learning this language should improve attention and learning.

Natural languages belong to different writing systems that vary in theingspof
graphic forms to linguistic forms. Different writing systems have beewrsho involve different
reading networks in the brain, as revealed by neuroimaging studies (Boldettj,Re
Schneider, 2005; Perfetti, Liu, Fiez, Nelson, Bolger, & Tan, 2007). Recent work bitiRerde
colleagues has suggested that languages which use different writegsyginglish and
Chinese in their studies) are learned as an L2 in a different manner timaoranelated
languages (Nelson, Liu, Fiez, & Perfetti, 2009; Perfetti and Liu, 2005; Petfatt, 2007). In
their System Accommodation Hypothesis, they used the Piagetian concepts dh@ssiand
accommodation to explain these differences. According to this account, assimatzurs
when the word recognition system of L1 can be used to process words in the wsterg ef
L2 without modification, whereas accommodation implies an adaptation of the L1 word
recognition system to process L2 words. Perfetti et al. (2007) presented e\inieaic
asymmetry in the mechanisms involved in learning L2 words, with English L&rsead
developing new structures in order to read in Chinese (accommodation), whereas Chinese
readers using pre-existing reading system to read English stirssilinflation). Their results
showed a pattern of accommaodation in both typical classroom learners and a group of native

English speakers with no prior knowledge of Chinese trained in the laborater{p(Inlop, Fiez,



& Perfetti, 2007).

One goal of this study was to determine which of the second language eiticts a
mechanisms previously reported in Romance languages such as French also applateia
that do not share the same type of writing system and/or alphabet. Chinet®aers because
of its minimal overlap in both its written and spoken form with English. Chinese has eed ar
to be a language of high contrast to English (see Wang, Perfetti, & Liu, 2003 fosgilsy. It is
a morphosyllabic language-- each character corresponds to a single syldblenorpheme.
Chinese is also commonly said to be "logographic,” where visual word forms Haeetaoute
to meaning with little or no contribution from phonology. Although some characters camain s
lexical units known as radicals that can carry phonological information, the grapbem

phoneme mapping is inconsistent and unpredictable.

Since a reliable system of grapheme to phoneme conversion does not exist, it has been
proposed that phonological decomposition in Chinese word processing was not used in lexical
identification. In addition, phonological processing can only be completed when whale-wor
orthographic processing has been completed (Chen, Flores d'Ardalsgug, 1995; Tan, Laird,

Li, & Fox, 2005). Some have proposed that learning to read Chinese would involve a more direct
mapping of whole word characters onto sound and meaning (Liu, Wang, & Perfetti, 2007). This
does not mean phonological information was not learned in initial word acquisition, but
phonological information could be ambiguous because of the large number of homophones in
Chinese. For these reasons, orthography should be more reliable than phonology for L& Chines
learners who are engaging in visual word identification. This is in contrast to dipteaime

syllabic systems where phonological information can be very helpful in Igxmeessing

(Grainger & Holcomb, 2009).



Experimental evidendeas shown that adult native English speakers can correctly
differentiate incorrect orthographic structure from correct Chinesadeas within a few
months of college-level classroom learning (Wang, Liu, & Perfetti, 2003). LrtetBeand
Wang (2006) conducted an ERP study using a delayed naming task in college stadeinis
to read Chinese. They found that Chinese words produced a larger P200/N200 component
compared to English words in the first-term learners. This was interpetedreased visual
processing (occipital N200) and general lexical processing (P200). Bgdbedsterm of
Chinese learning, the occipital effects had diminished but the more frontas effee still
evident. The dissociation of the two components was also taken to indicate that lexica
identification of Chinese characters did not proceed in parallel. Insteate whrd
identification could be broken down into identification of lexical constituents (Rexfetl.,
2007). Although the N400 component might have been expected to change, they found that
results were too variable and inconclusive on this component. Together, these studiels show
that learners were sensitive to the lexical properties of the Chinesdli@ntisey encountered

during classroom learning.

Second language (L2) learners show a number of differences in langoegssmng
compared to monolinguals, which might be attributed to acquiring an additional |lerthaag
requires different orthographic, phonological, and semantic processes. In ses)&lasges in
processing are not limited to the L2, but also extend to L1 processing. Tha& miluence
between L1 and L2 in bilinguals and second language learners is one that vasl ieceeasing
attention in research. One of the main findings that has emerged from this linéyosghat
cognate status influences L2 vocabulary learning (e.g. De Groot & Keijzer, Zofifhates are

words that are orthographically or phonologically similar or identical adesguages (e.qg.,



tablein English andablein French). Cognates are easier to learn and recall compared to non-
cognates (De Groot & Keijzer, 2000; Sanchez-Casas, Davis, & Garcia;A®@2; Sanchez-
Casas & Garcia-Albea, 2005). The advantage in learning L2 items thapaedes with L1

words is easy to understand, since the L1 lexical entry can easily cue th2 nend,
orthographically or phonologically. Interestingly, Van Hell & Dijkstt®02) showed L2

cognates gave L1 items a processing advantage even when it is in aivelycliiscontext.
Additionally, interference effects were observed when cognates do not simenetie content. A
recent study by Lagrou, Hartsuiker, and Duyck (2011) showed L1-L2 interéef@nan

auditory lexical decision task. English-Dutch bilinguals were givenigmglords with

interlingual homophones (e.gief andleaf) that are unrelated in meaning, and the reaction time

to these homophones was slowed as compared to non-homophones.

These findings were predicated on the similarity, if not overlap, of lexarakiin the L1
and L2 of the bilinguals. So although the effects were robust in the many alplehgtiages
that were studied, a further question was whether these kinds of simiteztg eould be
replicated in languages that are less similar. A recent study if8iai/u, 2004) examined this
guestion by showing Chinese-English late bilinguals word pairs in theirndligg). The word
pairs were either related or unrelated semantically in English, but salhat a hidden
manipulation of form repetition but no semantic relatedness when translated inés€hi
Results showed that native English controls had no sensitivity to the hidden manipulation, but
the native Chinese speakers had longer reaction times, higher error ratesggeand480 ERP
shifts. Since Chinese and English provided a good contrast in terms of minimap @féezical
features, the study's results strongly implied that late bilinguals' LLZanderact and create

interference for each other even when the two languages were dissimilar.



Although studies have shown that there are neural changes associated vaignpsof
level in L2, there remain several important gaps in our understanding of how &2 Naxy
items are learned and processed. Specifically, because these studiessssedational designs,
it is not clear at which point in L2 learning the observed effects emerge anche/iajectories
of these changes are. However, we know that there are rapid changes irapHicognd
semantic learning in the beginning phase of L2 lexical learning. As alsyudy¢Laughlin and
colleagues showed, the N400 component is sensitive to the level of exposure to a new L2 very
early in the course of L2 learning (McLaughlin, Osterhout, & Kim, 2004). Even blefamgers
were able to categorize words they had been exposed to in language clasRRBerlEbly
differentiated these learned items from L2 pseudowords in the N400 componerghiy sli
more advanced points in L2 acquisition, newly learned items showed evidence of having
acquired semantic representations, producing significant N400 attenuaticenauatis priming
paradigm. Thus, early changes in L2 vocabulary processing could be detected priBRi©s
indications in similar behavioral testing results. This is one reason to bent@ting on the
initial period of L2 acquisition, and the temporal sensitivity of ERP makesalt idedetecting

the timing of the sequence of processes involved in L2 word processing.

Recent studies have shown that adults were highly sensitive to certain lmguisti
information in L2, showing measurable changes after hours or even minutesioigear
(McLaughlin, Osterhout, & Kim, 2004; Gullberg, Roberts, Dimroth, Vero8dmdefrey, 2010).
Methodologically, however, it is particularly challenging to study learivethe very initial
stages of L2 word acquisition because most experimental tasks requesheltirof L2 word
knowledge beyond that of the newest L2 learners in a typical classroom environment.

Consequently, most of the previous research in L2 acquisition has examined L&ldahe



were relatively far along in the process of becoming bilingual, makufiffitult to isolate the
precise changes in the neural processes engaged in initial L2 vocabglasytian. Other
studies have compared participants with different proficiency levels inseatisnal designs.
One way to study initial L2 learning without the variability typically foumdhe classroom
environment would be to train L2-naive participants in the laboratory. The lahyoletical
training approach has been used extensively in the past to investigate thesgrondsslying
L2 acquisition (see De Groot & Van Hell, 2005 for review). Most laboratory studasiexg
lexical learning used a small set of novel items that participants could lgbmm avfew visits,
so although a controlled environment is achieved, the scope of word learning iestoceed.
The stimuli become highly familiar or even overlearned to the learners, wigbh mot
resemble a typical language learning situation. To address this isscenaeted a pilot study
that expanded the scope of the learning, tracking initially naive L2 leavheracquired an L2
vocabulary in the laboratory using a longitudinal design. Monolingual partisipaare taught a
small set of Chinese vocabulary items consisting of 84 single charaearsing was achieved
by pairing these items with their translation equivalents in the participAn§ong with L1-L2
word association training, a forced-choice translation recognition tesiswassed. Training
took place over four two-hour laboratory sessions, and ERPs were recorded to dflanibd-
words during training and testing. The goals of this pilot study werevediatnodest-- the
primary interest was in determining if initially L2 naive learnersddd taught a rudimentary
vocabulary in a new language in relatively few sessions. Further, it was esintdrether the
ERPs patterns produced by the new vocabulary items were comparable to thosslabse
university learners of L2. Behavioral results showed improvements over the$siors and

changes in ERP data were obtained. Plotted in Figure 1 are the ERPs at therQfed@etfor



the L2 learners in a forced-choice recognition test (time-locked tChimese items). As can be
seen, there is a systematic decrease at this site in an early postetivtypoger the course of
learning. It seemed plausible that this effect might be related to thealgmegffects reported by
Midgley et al. (2009), where an early posterior positivity was larger2atdms in less
competent learners and was not present in more proficient users. The datadnoifott
laboratory study suggested that laboratory learners in this paradigm weseataatrajectory
of learning as that of classroom learners. This study provides cruciatipeely data on the
feasibility of using this approach to study a number of thorny issues in L2 gicquasid forms

the foundation of the proposed study.
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Figure 1 Lexical learning effects in laboratory-trained L2 le@r{e= 12).
Current Study

The current study investigated the mental and neural processes involved in hdlagca
acquisition during the earliest points of learning under rigorously controlledrigaconditions.
Rather than exclusively studying students in university second languages;omhich was
generally a population with high variability in terms of language backgrousdsttidy recruited

participants who had not had prior exposure to the to-be-learned language (ortady rela



language). Participants had ten training sessions in the lab, of which four hadedhERP
recordings. Training tasks were designed to focus on different lingunirenation so
participants could quickly acquire a visual and semantic familiarity to thd_BeExposure to
the new L2 should be linear over the ten sessions because the initially non-Chéadsegs
participants were brought into the lab at regular intervals and the stimulcarefelly
counterbalanced. As this experiment tested the same participantsdredatter learning, data
from different sessions should show learning effects. Due to the larger staestidy, it was
also possible to separate participants into two groups according to their bahaetitormance,

which would allow us to investigate individual differences in L2 lexical learning

The first ERP recording session coincided with the initial exposure to new L2 arords
day 1, and served as a baseline to compare to subsequent ERP/behavioral resultsgpBRRsuI
sessions (& 7", and 18 days). ERPs were time locked to each word presented in the tasks.
Although all of the tasks showed learning-related effects, for our resdltdiscussions, we
focused on two assessment tasks-- Backward Translation and SemanticiZstegor
Assessment Task (SCAT). This was because these two paradigms providethegares of a

deeper level of learning and were more similar to other tasks found in the lgeratur

In Backward Translation Task, L2 words were presented as probes for patsidgpa
verbally translate into L1. It was predicted that over the sessions, tramslecuracy would
improve. In addition, L2 words would show early N/P200 changes reflecting aafatyivith
the new word forms. An increase in the N400 was predicted, reflecting growiagtsem
connections. In the SCAT, L2 behavioral performance was expected to imph&ER&s
elicited by L2 words were predicted to show early changes and an incre¢@@diMilar to the

Backward Translation Task. Based on previous studies and the pilot data, we at$edetzd



language effects would be present in the learners, with differences bdtvaaed L2 both in
early components and the N400. These language effects were expected toatiemge,

because as participants gained more L2 experience, language proskesiddge easier in L2.
Method
Participants

Participants were 28 native English speakers (13 females; mean age = 19.6, pbho héd
never learned or had extensive exposure to Chinese. They were also not fluent ierab§,oth
but up to 6 years of classroom exposure to an alphabetic language was permittgoamar
were recruited by using advertisements that sought "people who are e@denestarting to learn
Chinese but have never done so." Extensive language histories were collectedstamard
guestionnaire. All participants were right-handed university students with hormarrected-

to-normal visual acuity and a normal neurological profile.
Apparatus & Data Analysis

For ERP recordings, participants sat in a comfortable chair in a sound attgmoain while 32
channels of EEG data (all electrodes < 5KOhm) were digitized continuousiyn$8Aments
amplifiers, 6db cutoffs .01 and 40Hz, 12 bit a/d 250 Hz sampling rate). Stimuli were pilesente
white letters/characters on a black background on a 19 inch monitor (visual angle e€sdegr
vertical and horizontal). Participant responses were collected with abutitin response box.
Average ERPs were formed from artifact-rejected single trials &f tBEeach assessment task.
In the case where behavioral measures were collected in tandem with therf§E@als with
correct responses were included in average ERPs, unless otherwise notedmyikaide and
time course data were calculated from the ERPs. Data were anaifzedpgated measures and

mixed design analysis of variance (ANOVA) which included two factors &b sitstribution as



well as variables of interest. The topographic variables€AIOR-POSTERIOR pre-frontal vs.
frontal vs. central vs. parietal vs. occipital aneMtEPHERE left vs. midline vs. right) and
SESSION(Sessions 1 vs. 4 vs. 7 vs. 10) were within-subject factors WhARNING-SUCCESS
(Complete vs. Incomplete) was a between-subject factor. In the setlgpdiarexamining
language effects, the variableNGUAGE (Chinese vs. English) was added to the overall
ANOVA. The Geisser-Greenhouse correction was applied for all repe&asiines ANOVA

with more than one degree of freedom to account for nonsphericity (Geisser & Greenhouse,

1959).
Stimuli

A total of 200 words including nouns, verbs, and adjectives were selected from vocabulary
words taught in 1st semester Chinese language classes at Tufts UniddirsRyitems

consisted of either one or two Chinese characters, and visual complexity wadesbmthare
possible. Stimuli included another 100 distracter words in both L1 and L2 thatgzartscdid

not learn. The distracter items were controlled for word length and lesecpiency. All L1

items consisted of common English words, with word lengths between 2 and 11 letteraand me
frequency of 512.61 occurrences per million. All to-be-learned L2 items amnd tkems

associated with them were presented with equal frequency in each sessiomtiejiossible

presentation frequency effects.
Procedure

Participants went through ten automated sessions with the primary goahofdeatotal of 200
words in the new L2. Three tasks were used for training and two tasks for asgegghof the
tasks were designed to be amenable to ERP data collection and to allow thg wackin

performance changes, but only results from the two assessment taskspeeedrin this paper.



ERP recordings were conducted in addition to vocabulary instruction and behaviargldast
four of these lab visits (Sessions 1, 4, 7, and 10); on the other 6 visits only L2 instruction and

behavioral testing were conducted and ERP data were not collected.
Training

The first task was a go/no-go n-back word familiarity task. The 200 toapeele L2
words were mixed with 100 not-to-be-learned L2 words and presented one-atvéstiaiky
(500ms L2 word on, 1500 ms inter-trial-interval-- ITI). Participants westructed to press a
button whenever they detect a repeated item (n-back task with 10% repetitioasrb&tand 3
trials back). This task focused learners' attention on the visual word form ewddtn initial
familiarization with the lexical form of the new L2 words. In addition, thik fasvided a
baseline response before training, to serve as comparison to other meagaesngf bn
subsequent test days. In pilot testing, we have found that performance on thisstask wa

reasonable even during the first session.

The second task was a word-word association training, the primary trainoceglpre.
Word association has a rich history in experimental psychology and has been deetbtstra
an effective vocabulary training technique in previous studies of L2 learne@&6&root &
Van Hell, 2005). By pairing each to-be-learned word with its L1 translatiomdesacould
associate meaning and other information with the new word. In our study, eacl200tteebe-
learned L2 word was paired with its L1 translation in L1-L2 associatioh fxOL1 word, 500
ms blank, 1000ms L2 word, and 2500 ms ITI). Participants did not have to respond to the words,
but were encouraged to pay attention. Blinking was allowed during ITI. In @arspildy, this
task clearly worked since participants were able to eventually reporattstation of more than

70% of the newly learned words.



The third training task was a translation recognition task. Pairs of words vesenfed
one after another (800 ms probe, 500 ms blank, 800 ms target, wait for response, 800ms
feedback, and 2500ms ITI). Participants were instructed to indicate by button préssrthe
second presented word was the correct translation of the first one. It wasdacloooze
response, so learners either pressed the "yes" or the "no" button. The wowkpaipsesented
in two blocks. Block 1 consisted of half of the pairs and these were tested in the lesraioindi
of translation (L1 probe-L2 translation). Block 2 consisted of the other half and tHepwics
were tested in the reversed direction (L2 probe-L1 translation). Performartbis task
provided behavioral assessment as well as additional training for learneesths correct

translation was shown at the end of each trial as feedback.
Assessment

The first assessment task was2ato L1 backward translation task. In each trial,
participants saw a learned L2 word, and their task was to verbally produckttia@slation.
They could take as much time as needed and could choose to pass if they did not know the
translation. Regardless of their answers, the correct L1 translation sastekafter the
response as feedback (800 ms L2 word, wait for response, 500ms L1 feedback, 2500ms ITI
This production task required learners to produce a specific L1 translationthathgust to
recognize it, and thus provided a direct behavioral measure of the number of wotlde that

learners had internalized in the new L2 vocabulary.

The second assessment task was the go/semantic categorization assessment task
(SCAT). The learners were presented with L2 words one-at-a-time visually in block luiee, w
the L1 translation equivalents were presented in block 2 (800 ms on, 2500 ms ITI). Pasticipant

were asked to press a button to occasional probe words in a specific semeagticyqdtody



parts or food and drinks - 17% of trials) -- ERPs were recorded to L1 and L2 non-pibbal"'c
words. Since the two languages were tested separately in pure blocks, parj@pantsed the
same task in L1 and L2 and translation was not required, which allowed L1 and L2 evibeds t

directly compared for language effects.
Results
Overall Behavioral Results

To further inspect how learning affected the neural processing of newly-eat dur
words and L1 items, we divided all learners into those who did well behaviorathplete
learners) and those who did less well in the ten sessions (incomplete ledinearticipants
were separated into the two groups using their overall behavioral performandeamahg
sessions and all assessment tasks. A two-sample t-test showed signifieeeriadis in the
group means in all the sessiot{§,26) > 3.59p < .01 (see Table 1 for group means). This
grouping of participants was used in the contrastEaRNING-SucCESsin both Backward

Translation and SCAT.

Table 1. Mean behavioral performance in all tasks for contgp(a = 14) vs. incomplete learners (n = 14)
across learning sessions.

Session _ _ ) _ Mean of All
Session 1 Session 4 Session 7 Session 10 _
Number 10 Sessions

Complete 32.2% 70.1% 80.8% 85.55% 69.4%
Mean Learners (5.1%) (6.5%) (5.0%) (5.5%) (3.1%)

(SD) Incomplete  24.6%  44.8% 54.2% 59.1% 46.7%
Learners (6.0%)  (8.2%)  (11.9%)  (14.9%) (8.9%)

Backward Translation L2 Items



The ERP waveforms tir-locked to the L2 probe items in the Backward Tratsh Task
were plotted in Figur@a. Visual inspection of the figure showed a lgrgsitive deflectior
starting around 150ms postimulus onset. This was followed by a negativmponent tha
peaked between 300 and 400ms and continued overofntbe anterior sites until 600ms.
posterior sites, there was first a posi-going component followed by several smaller pe
between 200 and 500ms. Differences between sesstind to occur at 200ms pe-stimulus
onset and continued into later epochs. Visual icspe of the contrast between complete
incomplete learners revealed that complete leasterwed a widely distributed anter
negative shift in ERP amplitude from0O to 700ms with learning, while incomplete learngics

not show anterior changes but showed a postersitiy® shift (sedrigure 2b).

Sessionl  e———-—— Session 7

......... Session 4 200 Session 10

200 400 600



Figure 2a ERPs of Chinese (L2) probe items in the backwamaslation task (n=28).

Four time windows were tested for statistical differences— 200-300ms, 300-4000ns

500ms, and 500-700ms. The only significant result was found in the 400-500ms epoch.

400-500msiIn this epoch, an interaction 0EARNING-SUCCESSX SESsSIONwas found,
F(3,78) = 2.86p =.0499. The complete learners showed an increase in the negative component

as the sessions went by, but the incomplete learning group became more pogéiveral.

Complete Learners Incomplete Learners

- Session | - Session 7
2uv T
200 400 600
"""" Session 4 e Session 10
Figure 2b ERPs of L2 items in complete (left) and incomplgight) learners in the Backward

Translation Task.

Complete Learners Incomplete Learners



400-500ms

Figure 2c Voltage maps calculated from differences waveSaxfsion 10 minus Session 1 at 400-
500ms.

Behavioral Data

In general, behavioral results were consistent with predictions. The meantagecef
correct answers was 67.9% (SD = 14.6) for complete learners and 45.4% (SD = 13.5) for
incomplete learners. AESsION(all 10 sessions) XHARNING-SUCCESS(complete vs. incomplete)
between-subject factorial ANOVA revealed a main effectasfs®onN F(9,260) = 38.6p < .001,
indicating that both groups of participants performed significantly bettbrtime. A main effect
of LEARNING-SUCCESswas also found, showing that complete learners did better than
incomplete learners in Backward TranslatiB(i,,260) = 91.3p < .001. The interaction of the
two factors was significanE(9,260) = 2.2p = .025, indicating that the complete learner group
made greater improvements than the incomplete learner group over time. Tiabhed a

breakdown of the behavioral performance data for the two groups in all ten sessions.

Table 2 Percentage hits in Backward Translation Tasksscatl sessions.
Session Number 1 2 3 4 5 6 7 8 9 10

Complete Learners: 13.7%31.4%52.9%65.0%74.5%82.3%85.4%88.2%92.7%92.9%
Mean % (SD) (5.4) (10.5) (9.4) (16.7) (16.5) (17.6) (18.3) (20.4) (14.1) (16.7)
Incomplete Learners: 8.3% 14.7%30.7%34.9%46.5%53.5%59.6%65.9%69.2%70.9%
Mean % (SD) (4.7) (10.5) (11.5) (10.4) (12.6) (16.2) (17.0) (16.1) (17.9) (18.2)




SCAT L2 Items

The ERP waveforms for the L2 critical items of the four recordingseoStBAT were
plotted in Figure 5a. As can be seen, the anterior and central parts of the scatpahegative
shift with learning, while posterior sites showed a positive shift. The diffesemxcurred mainly
between session one and subsequent sessions, with divergences startingaa6@rhs and

continuing until 700ms.

Session 1

Session 4 T 200 400 600 800 “rmrme s Session 10

Figure 3a ERPs of Chinese (L2) critical items in SCAT (n¥28

Also plotted were the ERPs for the two groups separated by behavioral perfo(esnce



Figure 3b). More subtle differences between these groups were segrit €odd be noted that
the changes over learning sessions in the waveforms of the completesl@aremore orderly
than those of the incomplete learners. For the complete learners, changegen starting at
200ms post-stimulus onset, with a slight reduction of a widely-distributed pogding-
component. At 300-500ms, a negative deflection was pronounced at anterior and central sites
and it increased in negativity over the learning periods. Posterior sitestecthitbie or no
difference. While the progressions were less consistent for this growmtai &nd central sites,
in general a small negative shift was observed between 200-450ms. However etimefatt
incomplete learners at posterior sites was more evident. A sustainedepsisiti became
enhanced with learning starting at around 200ms, and showed a larger diffenégice at
posterior sites compared to left posterior sites. Voltage maps for the tbetrasen the two

learning groups were shown in Figure 3c.

Complete Learners Incomplete Learners

we T — Session | - Session 7

------- Session 4 - * Session 10



Figure 3b ERPs of complete learners (left) and incomplederers (right) to L2 items in SCAT.

Complete
Learners !
18
3.7
Incomplete
Learners
200-300ms 300-500ms 500-700ms
Figure 3c Voltage maps of L2 items in SCAT for complete (top/) and incomplete (bottom row)

learners, calculated from differences waves of iSesH) minus Session 1.

200-300msA significant interaction betweereSsionand HEMISPHEREWas observed in
this window, with the right hemisphere showing a larger difference than therafgiere and
the midline sites as the sessions progres3@l]156) = 3.6p =.008. In addition, a E&SIONX
LEARNING-SUCCESSX ANTERIOR-POSTERIORX HEMISPHERE4-way interaction was found,
F(24,624) = 2.5p < .001. A negative shift at right occipital sites and a positive shift at left
occipital sites were seen in the incomplete group, as compared to the comqiptevigich did

not exhibit much difference between sessions at these sites.

300-500msThe four-way interaction ofESSIONX LEARNING-SUCCESSX ANTERIOR-
POSTERIORX HEMISPHEREWaS significantF(24,624) = 1.9p = .006. The difference was driven
by the negative shift at anterior and central sites for complete leamtthe positive shift at

posterior sites for incomplete learners. This general pattern wadatgtdlized for both groups,



as indicated by the interaction with theNdsPHEREfactor.

500-700msiIn this window, &ssioNinteracted with the ATERIOR-POSTERIORfactor,
with a negative shift at anterior sites and a positive shift at occipita) B{t2,312) = 2.9p
=.042. A ESSIONX LEARNING-SUCCESSInteraction was also found, with complete learners
showing more negative waves than incomplete learf€8s/8) = 3.8p = .014. Additionally,
this interaction was modulated by the two topographic variabless(@\x LEARNING-SUCCESS
X ANTERIOR-POSTERIORX HEMISPHERE F(24,624) = 1.9p = .007). The pattern of effects in this
window was similar to that of the 300-500ms window, where again complete lesinogred a
negative shift over the anterior region of the brain and incomplete learnersdsh@osterior

positive effect, both of which were right-lateralized.
Behavioral Data

All participants improved in behavioral performance in SCAT over time, as predicted. A
SESSION(Sessions 1, 4, 7, and 10) BARNING-SuUCCESS(complete vs. incomplete) between-

subject ANOVA showed that the main effects @BSloNnand LEARNING-SUCCESSwere both
marginally significantF(3,104) = 8.8p =.054 and~(1, 104) = 6.5p = .084 respectively.

Follow-up analyses revealed that there were significant improvementdmeSessions 1, 4, and

7, but not between Sessions 7 and 10. The complete and incomplete learning groups performed
on the same level at Session 1, but the complete learning group performed signidieaat!for

the remaining sessions. The interaction betwesmsiSNand LEARNING-SUCCESSwas

significant,F(3, 104) = 4.7p = .004, indicating that complete learners performed significantly
better than incomplete learners at later sessions. For the breakdown of aecby sessions,

see Table 3.

Table 3 Mean percentage hits for the SCAT (L2 items) tgsms.



Session Number 1 4 7 10 Mean

Complete Learners: 24.3% 61.0% 81.4% 86.7% 63.3%
Mean % (SD) (3.2) (5.4) (4.8) (5.3) 4.7)

Incomplete Learners: 27.4% 37.9% 545% 59.8% 44.9%
Mean % (SD) (3.8) (5.5) (6.5) (6.7) (5.6)

SCAT L1 Items

The ERP waveforms for the L1 critical items were plotted in Figure daaVinspection
of the waves revealed a small negative component post-onset followed by a positive cdmpone
at 200ms. A negative-going wave starting at around 200ms peaked near 350ms and the
negativity increased by session. It appeared consistently across mossaalthexcept for
occipital sites, where a positive shift was observed instead. At 500-700ms, #seagoasitive
deflection, and its amplitude was enhanced with time at anterior sites apithbsdes. There

were no observable differences between complete and incomplete learnessdoatysis.



Figure 4a ERPs of English (L1) critical items in SCAT (n=28)

24

-1.2

2.4

Figure 4b Voltage map of L1 items in SCAT for all learnersrh 200-350ms, computed from
difference waves of Session 10 minus Session 1.

200-350msA main effect of &ssionwas found in this time window, showing that the



waves were becoming more negative with tif@,78) = 3.1p = .042. &ssioNinteracted with
HEMISPHERE F(12,312) = 4.5p = .002, indicating that the effect was stronger at anterior and
central sites than posterior sites. TESSONX HEMISPHEREINteraction was significant as well,
showing that the effect was right-lateraliz€¢5,156) = 3.4p < .001. See Figure 4b for the

voltage map of this effect.

350-500msThe Essionx HEMISPHEREINteraction was marginally significant in this
window, F(12,312) = 2.2p = .082. Although the negative shift over central sites and positive

shift over occipital sites continued, the effect dissipated at other sites.

500-700msNo significant result was found in this window.

Behavioral Data

The participants performed at an average of 92.7% hit accuracy in the English wéitkie
SCAT over the 4 ERP sessions. Complete and incomplete learners did not perforrfeatrat dif
level (p > .05 in all cases), althouglEARNING-SuCCESswas trending towards significande({,
104) = 6.2p = .089). Examination of the data suggested that the complete learners were
performing better than incomplete learners in later sessions (seedTableetails of the

behavioral results).

Table 4 Behavioral data for the SCAT (English block) egsion.
Session Number 1 4 7 10 Mean
Complete Learners: 93.8% 96.0% 96.0% 92.9%  94.6%
Mean % (SD) (2.0) (1.3) (1.4) (3.3) (2.0)
Incomplete Learners: 93.8% 921% 91.9% 85.2% 90.8%

Mean % (SD) (2.3) (2.4) (2.3) (5.5) (3.1)




SCAT Language Effects

The contrasts between the ERPs generated by L1 (English) and L2 €] luirtsal
items in Sessions 1 and 10 are plotted in Figure 5a and Figure 5b respectivetye Walizs
calculated by subtracting ERPs of L2 items from L1 items were presarftgglire 5c¢. Visual
inspection of Figure 4a revealed that the waveforms of L1 and L2 startedinlgvéom 200ms
post-stimulus onset. The first positively-going wave peaking near 200ms (P3rgesfor L2
items than L1 items. The difference in P2 was especially prominenttatiposites. In the next
negative deflection in the 300 to 500ms window (N400), L2 had later onset and smaller peak
amplitude compared to L1. After 500ms, L2 items generally evoked slightlymegedive
waves than L1 items in the anterior regions. Examination of Figure 5¢ showéuketha
LANGUAGE effects were similar between Sessions 1 and 10. The main difference appeared t
occur at the late anterior effect between 500 and 700ms, where L2 was much move tiegyati

L1 at Session 10 compared to Session 1.



Figure 5a Language effects in SCAT in Session 1 for alineas (n=28).

Figure 5b Language effects in SCAT in Session 10 for alileas (n=28).



Figure 5c¢ Voltage maps of the language effect in SCAT inses1 (top row) and 10 (bottom row)

computed by subtracting ERPs of L1 items from EBAS items.

200-300msin this epoch, a main effect oANGUAGE was found I¢(1, 26) = 8.2p = .008), with

L1 items being more negative than L2 items. The factorefGUAGE also interacted with scalp
sites (LANGUAGE X ANTERIOR-POSTERIOR F(4,104) = 34.8p < .001; and BNGUAGE X
ANTERIOR-POSTERIORX HEMISPHERE F(8, 208) = 3.9p < .001). The interaction ofANGUAGE X
ANTERIOR-POSTERIORSuggested that the difference between L1 and L2 was larger at posterior
sites than anterior sites. The 3-way interactionadUAGE X ANTERIOR-POSTERIORX
HemispHEREfurther showed that the difference was most evident at right postergoridie
SessIoNfactor interacted with ANGUAGE and scalp sites as well[fS51I0NX LANGUAGE x
ANTERIOR-POSTERIOR F(12, 312) = 5.2p < .001; and BSSIONX LANGUAGE X HEMISPHERE F(6,
156) = 3.0p =.009). The two interactions pointed to stronger difference at anterior and central

sites but diminished difference at occipital sites, as well as a redgbéedateralization.

300-500msA main effect of ANGUAGE was observedH(1,26) = 36.71p < .001) with L1 items
being more negative than L2 items. This was modulated by scalp SiteSUAGE X ANTERIOR-
POSTERIOR F(4,104) = 27.09p < .001; LANGUAGE X HEMISPHERE F(2,52) = 10.6p < .001; and
LANGUAGE X ANTERIOR-POSTERIORX HEMISPHERE F(8, 208) = 8.5p < .001). The difference
between L1 and L2 waves was most pronounced at posterior midline sites. A anjr&fEsIoON
X LANGUAGE X HEMISPHEREInteraction was found; (6, 156) = 2.5p = .026. Examination of
Figure 4c showed that the language effect was initially more gétalized, but it became less

SO over the sessions.

500-700msA main effect of IANGUAGE was found [£(1,26) = 8.2p = .008) with L1 items

being more positive than L2 items in this epoch. There were interactiomsiGURGE and scalp



distribution (LANGUAGE X ANTERIOR-POSTERIOR F(4,104) = 20.9p < .001; and BNGUAGE X
ANTERIOR-POSTERIORX HEMISPHERE F(8, 208) = 3.6p < .001). The kNGUAGE X ANTERIOR-
PosTERIORInteraction indicated that L1 items were more positive-going than L2 itemsbnl
the front of the head but were still slightly more negative at the back. Addiyiptied| 3-way
interaction of IANGUAGE X ANTERIOR-POSTERIORX HEMISPHEREShowed that the residual
posterior negativity was focused on the midline sites. HesiBNfactor interacted with
LANGUAGE and ANTERIOR-POSTERIOR F(12,312) = 2.5p = .005, indicating that the anterior
difference between L1 and L2 items became stronger over the sessicans b@sseen in Figure

5c.

Discussion

L2 Items

In this short longitudinal study of L2 vocabulary learning, participants learsetici
200 vocabularies within ten lab visits. Results from this experiment showed tieaiviire
systematic improvements in task performance in both translation and categotd 2 items
over a short period of laboratory learning. The behavioral data suggested thainiiaplef
visually distinct symbols could occur rapidly in a controlled environment in igiti2-naive
participants. This was in accordance with our predictions and some previous fiMdafsther
examined whether there were concurrent neural changes that could be the néuaral ohd.2
lexical learning. A number of ERP patterns emerged over the four recordiransessich

could be related to both familiarity with the stimuli and learning effects.

Early posterior effects similar to that observed in the pilot study (seewelé)seen in

both tasks. However, it was modulated IBARNING-SUCCESS where only incomplete learners



exhibited changes at right occipital sites. For incomplete learneesireamced occipital
component occurred in th& 4nd 7' sessions, but by the "t@ession the difference had
diminished. This suggested that this process was helpful in the initial stagerohy these L2
items, and with sufficient proficiency with these items, it was no longer seged he complete
learners did not show this pattern of results at all, perhaps indicating thaathagdd a
different strategy from the beginning. This effect suggested a clvatige very early stage of
visual learning, before successful L2 word acquisition that eventualbaalidrs reached. Vaid
and Frenck-Mestre (2002) reported a processing bias for the right hemisphgreup af
French-English bilinguals when identifying orthographically marked b&ia. They interpreted
this as perceptual processing in L2 visual word identification. The current @iifglat also be
related to perceptual processing of sub-lexical units. Since Chinese deliide broken down
into smaller parts called radicals that convey information, it seemed fhaly 2 learners would
engage in this kind of visual analysis early in the course of processing. Howevprptiass
was not necessary for word identification because holistic recognitioals@possible given
the repeated exposure to the same words. Indeed, coarse-grained whole-vessimyonight
be more efficient for task performance because task demands did not regevalret
orthographic information, which might explain this pattern of results.

In the N400 epoch, there was a significant interaction between sessions in eanglet
incomplete learner groups for both the Backward Translation Task and the S€ pfledicted,
the peak amplitude of the N40O at central and posterior sites became more nedativeenit
complete learners. Successful L2 vocabulary learning would strengthie? iteens and forge
links to both other L2 items and the corresponding L1 items. We interpreted the shid0@er

response as increased semantic processing due to activation of thesecserhaatks. In



incomplete learners, the N400 had the same peak amplitude over sessions, but thernoyak la
shifted about 100ms earlier so that it peaked at around 350ms in Session 10 as compared to
450ms in Session 1. An earlier N40O could imply that the learners were taking a tsmerte
recognize whether they were able to translate the L2 items. Whilelibeibeal data clearly
indicated that learning had taken place, the amplitude of the N400 did not change significantl

incomplete learners.

The pattern of an anterior negative shift in complete learners and a postetioe sbsit
in incomplete learners at 300-500ms was consistent across tasks. This suggettesethat
components reflected general L2 word processing mechanisms, but these proeessery
different between the groups. Participants were generally matchdddat®n and reading
levels, however, individual differences might not be apparent in L1 because of their high
expertise in it. These different learning trajectories in learner groopslply reflected several
types of individual differences in second language learning. The ability to gelc&bde the
visual and semantic information of the L2 items is related to working mempagitg which is
known to vary among individuals and can affect language comprehension (Daneman &
Carpenter, 1980). We took care that the L1-L2 paired associations were quiesezach
evenly-spaced experimental session, so the stimuli should have been re-encoded the sa
number of times across a similar time span. However, the capacity to retamaitibor could
also differ for each learner so that a participant who had a longer retenéoral would be at
an advantage in task performance. These effects have been observed in labordttgining
experiments that lasted more than a week (Healy & McNamara, 1996). Due tatikre re
difficulty in recognizing newly-acquired L2 vocabulary, it was likelyttwarking memory

capacity and long-term memory retention interval added to the differenawethbetween



complete learners and incomplete learners. The current study did not indepemazsilye

these cognitive abilities, but future investigations should include these as possdtriates.

Recent evidence showed that being bilingual confers advantage in learning novel words
with unfamiliar phonological features (Kaushanskaya & Marian, 2009). To mimipniar
experience of learning a new orthography, potential participants who whréigéaguals,
fluent in their second language, or had learned non-alphabetic languageschetedeirom
participation. However, some participants had classroom L2 learning exqeeneother
alphabetic languages and some participants were monolingual. Task differerycalso have
contributed to the observed differences. In the Backward Translation Task, tbipaais
needed to identify the L2 word to retrieve the exact lexical entry to respdneeebally
translate. In the SCAT, participants could respond correctly as long asothidyidentify
whether the target word belonged to the specific category. This discrepaask demands
affected the behavioral performance, but did not appear to have pronounced effects on the
waveforms of these L2 words.

L1 Items

For the L1critical items in SCAT, a significant difference was found ir2@350ms
epoch, with an increasing negativity over time at most sites. The differescgnaager in
anterior and central regions and right-lateralized. This unexpected longitatlange in the
negative component could reflect a shift in latency and amplitude in the N400 component due to
repeated exposure to the target stimuli. Our prediction was that with timmerkearould gain a
higher familiarity of the items, and something akin to a frequeffiegt might emerge. However,
that usually manifest as a reduction in the N400 component, which was the opposite ofsvhat wa

found. In fact, this increase in negativity in the L1 items was similar to timgeha L2 items in



the same semantic categorization task, except this effect oceartigd in the time course. One
possible interpretation was that L2 word acquisition had affected how thegrslations were
processed. In building up semantic associations for L2 words, the same sédimeiere
augmented in the L1 words. This could create a larger semantic network fottheseds, thus
resulting in more activation and enhancing the N400 component. If this was the wassd i
offer strong support for the interactive nature of languages in a bilingualdsettas task was

purely in L1 and did not require translation or other bilingual processes.

No difference was observed between complete and incomplete learning gratis for
early effect, suggesting that the change was not correlated with suca@gsaifiéarning, but
perhaps reflected more automatic processes. It had been shown in previouk teaeadcand
L2 lexical interference effects exist in non-cognates and languagdxetbaged to different
writing systems. A recent study (Takahashi, Suzuki, Shibata, Fukumitsu, G{yaba2610)
showed a similar latency shift in the N40O0 in Japanese kindergartners whoxpesedto
English as an L2 compared to those who were monolingual. Although the populations and the
tasks are very different, it seems likely that there are mechanisnthémage L1 processing
without high L2 proficiency. A proper control experiment with a group of monolingual
participants exposed to the same stimuli without paired learning of L1 andrdg would
confirm whether the L1 effect was in fact caused by novel L2 vocabulanjrigaAnother
recent study by Thierry and Wu (2004) showed interference effects in pure L@ ladts
bilingual learners. Their manipulation was more subtle because participard not aware that
the study had a bilingual component at test. Compared to that found in Thierry and Wu's (2004)
study, this effect was seen in speakers that had much less experience in thie t&ull have

important implications for the interconnectedness of languages in a bilisgowing that



languages interact at a noticeable level even at the very beginningeddrbih. However, in
the current study, the L1 stimuli were shown repeatedly in relation to theristatiians, so
strategies and explicit memory processes might have played a role in timgdima change in

L1.

Language Effects

Unlike the Backward Translation task, where the L1 and L2 items were processed in
different contexts, the blocked design of the SCAT allowed a direct comparisorantilL2 in
the same language users. Significant differences between the lamgueaagdound quite early in
word processing, beginning at around 200ms post-target onset. The P2 component (P200/N200
in Liu et al.'s (2006) study) was larger in L2 items than L1 items. Unlikesthdts from Liu et
al. (2006), the P2 component in anterior region was stronger in later sessions. Givegirthat t
sample had one year of L2 learning and ours had much less, this could reflect ibendentof
lexical processing as shown by the P2 component. In contrast, the occipitalityeigetinis
window was reduced in later sessions, which perhaps indicated less visuadipgpoesulting

from experience with the L2 visual wordform.

L1 was significantly more negative than L2 from 300ms to around 500ms at all sites but
the effect was strongest in central and posterior regions. The N400 resaltezpthe findings
of Midgley et al. (2009) where less proficient English-French and FE&nghsh bilingual
speakers both showed similar effects. The current study extended theirbygshitsving
converging evidence with Chinese as an L2 of a different writing systece ie two
languages are dissimilar, one might expect very different languagesgesda these initial
learners. The current effects were particularly notable because theyeatat a very early time

point in L2 vocabulary learning (~16hrs), without formal instructions. Additionallyfowed



that another language effect at this initial period of learning in a late@neffect occurring
around 500-700ms that increased in strength in later sessions. This eft@dhaticate

development of a later-onset N400-like component, since L2 elicit a later N4@deral.

Conclusions

In sum, a group of initially naive native English speakers learned Chinesetehara
through 10 automated lab sessions. A number of ERP components measured during the course of
the study showed changes in response to learning. An early posterior positvevafédound
for the newly acquired L2 words, likely indicating increased visual processiteg. draterior
negativity was evoked by L2 items in both tasks, especially in complete |leakrggraeral
pattern emerged between learners of varying degrees of learningsuweitk an anterior
negative shift in complete learners and a posterior positive shift in incortgdeters. The
difference could be related to strategy use or individual differences téeit lahguage learning
ability. Even in a controlled environment, there appeared to be many factors thlaaftect
learning performance at this early stage of learning vocabularies m B2n€€ompared to L1
words, L2 words evoked an enhanced P2 component and a smaller N40O0. A late anterior effec
around 500-700ms was also observed at later sessions. These language effastpreeieted
and showed a similar pattern to L2 learners of other alphabetic languagestisgpthat these
learning effects could be extended to the learning of a different wsiyistgm. Finally, it was
found that processing of L1 items changed from the by learning the see@uitialents in a
new L2 that belonged to a different writing system and did not share orthographic or
phonological features. This suggested that languages that a person knows at@nat\ysbr

isolated but start to interact with each other with minimal contact.



There are convincing behavioral and ERP changes in the current laboratairyglea
study showing changes in initial L2 vocabulary acquisition. However, the cstugiyt only
employed a set of vocabularies in the visual modality, whereas naturaldgarigaening relies
heavily on phonological and interactive processes. It will be an interegte@sgion to determine
whether laboratory learners could take advantage of additional phonological itdortoa
cement their L2 knowledge. Questions remain also on whether learners in theotgldeeaning
paradigm acquired L2 words in the same way as those in a traditional classroeraréhe
speculated differences due to the method of obtaining L2 information, but how thesaffeiciht
initially naive learners need further empirical testing. As individu&tigihces appear to emerge
in this relatively homogeneous group, cognitive and motivational factors that irdlu&nc
vocabulary learning should be identified and explored as well. Languagenteand usage are
both highly dynamic processes that change with experience even in adulthdeat; stutlies in

how the changes occur will benefit the understanding of bilingualism and L2 kparnin
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