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Abstract

Native speakers are sensitive to the frequenciesuttiword phraseghey are faster to
process higher frequency phrases, after controlongll part frequencies (e.g., high:
don’t have to worry vs. low: don’t have to waitjere, we ask whether intermediate-
advanced latéEnglish) learners are also sensitive to the distional properties of
large language units: four-word combinations. Usighrasal-decision task, we show
that learners process multiword phrase frequekeyratives do. This is not restricted
to higher frequency phrases, but occurs acrosdgfjgency continuum: as natives,
learners show multiword frequency effects even wdmmnparing a low frequency
phrase to a higher (but still low) frequency phrdseddition, we show that the effect
is not modulated by the type of English exposurer(ersion vs. classroom). These
results indicate that late language users deveosgitsvity to distributional properties of

large language units at native-like level.
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Introduction
Are late non-native speakers able to develop ndittedexical representations and
processes? One way to address this question iskinygaf non-native learneshow
frequency effects comparable to those of nativalsgrs. The bulk of this literature, to
date, has focused on word frequency effects andti@asn that non-native learners
exhibit lager word frequency effects than nativeaqers — a pattern often attributed to
low frequency words being more weakly represenetie second language (L2)
lexicon compared with the first language (L1) otle “lexical entrenchment account”;
e.g., see Diependaele, Lemhofer, and Brysbaer2(Zot an overview of word
frequency effects in LZrequency effects, however, are not restrictesirtgle words.
Speakers are sensitive to frequency informatianudtiple grain-sizes, including that of
sound combinations, morphemes, syntactic constmstiand two-word combinations
(see Diessel (2007) and Ellis (2002) for review&cent work has shown that native
language users (children and adults) are alsotseng the frequency of compositional
multiword sequences larger than two words (&Agipn & Snider, 2010; Bannard &
Matthews, 2008; Tremblay & Baayen, 2Q01Bor instance, more frequent phrases (e.qg.,
Don’t have to worry) are processed faster thanflesgient phrases (e.g., Don’t have to
wait) after controlling for all substring frequenfworry is as frequent asait, to worry
is as frequent a® wait, andhave to worryis as frequent dsave to waitArnon &
Snider, 2010). Such findings highlight the paralliel the processing words and larger
sequences and suggest that both are represensaditar cognitive mechanisms in
native speakers (Elman, 2009; McClelland et all(2@nider & Arnon, 2012).

Here, we go beyond existing findings to ask whelatr non-native speakers are
able to develop sensitivity to the distributionedjperties of compositional phrases (i.e.,

at least four-word phrases) to the same extenaigenspeakers and whether they do so



in both classroom and immersion settings. This gpe$ias implications for our
understanding of the L2 lexicon and the degreeltihvit is similar to that of native
speakers. While much work has examined single freqliency in L2 speakers (e.g.,
Diependaele et al., 2012; Gollan, Montoya, Cer&afadoval, 2008), less work has
looked at the processing of larger patterns, anst ot has focused on bigram
information, which does not require sensitivitynailtiword frequency, and on the
processing of formulaic language — which is oftearsas a ‘special’ kind of linguistic
stimuli (see more details below). In fact, it h@eb proposed that L2 speakers will not
be sensitive to multiword frequency because theggss words separately without
detecting that some words are more likely to appegether than others (Wray, 2002).
We currently know little about L2 speaker’s sengyito the frequency of
compositional phrases, even though such findingsnaportant for (a) assessing the
similarity between native and non-native processing (b) evaluating the claim that L2
learners differ from native speakers particulanlyheir sensitivity to multiword
frequency. Examining L2 speakers’ sensitivity toltord frequency also bears on the
more general question of the representation of svardl larger patterns: finding that L2
speakers show frequency effects for both would ecda single-system view of
language where words and larger patterns are medesd represented by the same

cognitive mechanism (Bybee, 1998; McClelland et2010).

In the current study, we ask if intermediate-adeahlc?2 speakers of English are
sensitive to the frequency of both single words fana-word phrases (after controlling
for all part frequencies). We examimdether this occurs only for very high frequency
phrases — which non-native speakers may attensl donay to speed up lexical
processing — or whether, as is the case for napeakers, non-native speakers are

sensitive to multiword frequency across the contmuincluding to that of lower



frequency phraset addition,we explore whether the type of L2 exposure (imnoersi
vs. classroom) will influence non-native speaksesisitivity to multiword frequency.
Since the sequences we look at are compositiondlr{at idiomatic), they are more
likely to be acquired implicitly than through exgtiinstruction. It is possible that
immersion settings — which typically promote marglicit learning — will lead to
greater sensitivity to multiword frequency in noatimes compared to classroom
settings. Finally, looking at the effect of bothnd@nd multiword frequency on L2
speakers allows us to see if lexical entrenchmiéetta larger patterns as well. If it
does, we would expect L2 speakers to show stradngguency effects than natives for
both words and phrases. Taken together, the fisdwnll further our understanding of
the structure and nature of L2 lexical represeoatand their similarity to native
processing. Before turning to the experiment, weeke the relevant literature in more

detail below.

L1 Multiword frequency effects. Evidence for parallels between words and phrases

In the domain of L1 processing, the question of femwguage users process multiword
phrases has been the object of much debate. Theawoviews in this debate differ in
whether they assume that single words and largaspk are processed via the same or
different cognitive mechanisms. The “words-and-sukgpproach (Pinker 1991, 1999;
Pinker & Uliman, 2002; Prince & Pinker, 1988) praema dual-system view of
language that distinguishes between units thastared in the lexicon and ones that are
computed by grammar. In this perspective, wordscamdpositional multiword phases
are processed by different cognitive mechanismsdsvare “stored” while multiword
phrases are computed by combining words using aslesnstrains. The “words-and-
rules” approach argues that frequency effects ange for “stored” but not for

“computed” forms (Ullman & Walenski, 2005), givimige to the prediction that words



will show frequency effects but multiword phrasa#l mot. In contrast, the
“emergentist” perspective (Bybee, 1998; McClellan@l., 2010) proposes a single-
system view of language whereby all linguistic aigrece — be it words or larger
sequences — is processed by the same cognitiveameohand subject to similar
processing constraints. Consequently, languages aserexpected to develop sensitivity
to the frequency of both words and multiword phsase

Finding multiword frequency effects is more combpktiwith single-system views
of language since they suggest that language dedesarn frequency information about
larger patterns, as they do for wotd3annard and Matthews (2008) were the first to
report the existence of multiword phrase frequegfégcts in a phrase-production task
with two- and three-year old children. Arnon andden (2010) extended these findings
to adults, and showed that such effects are fouad tor low frequency phrases, that is,
whenever a higher (but still low) frequency phrase compared to a lower one. This
indicated that the effect of multiword frequencgmitinuous and is not limited to very
high frequency phrases, which may be stored asyaavacilitate processing, as
suggested by the “frequency-threshold” account€Béi al., 1999; Goldberg, 2006;
Wray, 2002). Thereafter, many other studies haesvatthat children and adults are
sensitive to the frequency of multiword phrasesl, @t this sensitivity affects their
language production, comprehension, and learnimgdiA & Clark, 2011; Arnon &
Cohen Priva, 2013; Arnon & Snider, 2010; Bannari&itthews, 2008; Ellis, Simpson-
Vlach, & Maynard, 2008; Frank & Bod, 2011; RealGaristiansen, 2007; Siyanova-
Chanturia, Conklin, & van Heuven., 2011; Tremblay&ayen, 2010; Tremblay,

Derwing, Libben, & Westbury, 2011).



Are non-native speakers sensitive to multiword frequency?

It has been proposed that L2 learners have difficallearning larger distributional
patterns (e.g., Ellis, 2006; Wray, 2002). Wray (20@n particular, suggests that, in
contrast with child L1 learners, late L2 learnessndt detect that some words tend to be
encountered together, a pattern affected by batialsand cognitive factors. From a
social perspective, the claim is that non-natierers (especially classroom learners)
are not faced with a pressing need to communiedtesh may hinder the development
of native-like processing of larger units. Cogreti, the fact that L2 learners are most
often literate may direct their attention to woedsthe basic unit of processing, at the
expense of learning multiword combinations. Sudatoaants predict that L2 learners
will not be as sensitive as native speakers toimaoit frequency. The question of L2
speakers’ sensitivity to multiword frequency iscatelevant for the debate on whether
the mechanisms used for learning L1 and L2 aredmahtally different and require
separate models and theories (e.g., Bley-VromadQ;20lashen & Muysken, 1986;
Paradis, 2004; Ullman, 2004) or whether similarcpsses underlie both learnings
(MacWhinney, 2008). Finding that L2 speakers amglar to L1 speakers in their
sensitivity to multiword frequency would suggesitthat least on the level of lexical
processing, there are parallels in processing hestiilee two.

To date, most experimental research on the qurestioultiword processing
has been conducted with multiword sequences teatasiner fixed in form and
meaning. The most fixed type of multiword sequerazesdioms (e.gkick the buckeét
which native speakers typically process faster ti@mmidiomatic novel phrases (e.g.,
Gibbs, 1980; Gibbs & Gonzales, 1985; Swinney & &ytl979; Tabossi, Fanari, &
Wolf, 2009; Van Lancker, Canter, & Terbeek, 198)ch a facilitatory effect does not

seem to be present in non-natives (e.g., Conkl®c&mitt, 2008; Siyanova-Chanturia,



Conklin, & Schmitt, 2011; Underwood, Schmitt, & @ad, 2004). Idioms, however, are
not the most appropriate type of multiword sequeriodest Wray’s (2002) hypothesis
because it is not clear they are processed on @tgeword basis: their non-
compositional nature has led researchers to claanthey may be treated as
unanalyzed wholes (Pinker, 1999; for literature s.giporting this non-
compositionality see, for exampl8jbbs, 1992, 1993; Gibbblayak, & Cutting 1989;
Tabossi, Fanari, & Wolf, 2008; Titone & Connine 949

Experimental evidence with more compositional corations does not support
Wray's (2002) prediction: it seems that late notivealearners are able to detect and
learn the co-occurrences of word sequences and Kmetvéome word combinations are
more likely than others. One source of evidenceafrom lab-based training studies
on learning word-to-word co-occurrences where la2rers are exposed to word
combinations during training (i.e., collocationgy.eDurrant & Schmitt, 2010; Sonbul
& Schmitt, 2013; Szudarski & Conklin, 2014). Foraexple, Durrant and Schmitt
(2010) exposed non-native learners of English jectis’e-noun combinations (e.g.,
medical boat) and then asked them to perform a el test to see if the target nouns
facilitated the retrieval of their paired targejeadives. The results suggested that non-
native learners were able to learn adjective-nasnacurrences, even if they only saw
them twice during the training session. These &fdwwever, are not long lasting: the
benefits of such training last two weeks aftemirag (Sonbul & Schmitt, 2013), but
decline after six weeks (Szudarski & Conklin, 2014)

Other studies examine multiword sensitivity in arennaturalistic setting by

comparing the magnitude of two- and three-worduesay effects for L2 learners to
that of native speakers (Siyanova-Chanturia ef@ll1b; Sonbul, 2015; Wolter &

Gyllstad, 2013). For example, in an eye-trackingeziment, Siyanova-Chanturia et al.



(2011b) explored this issue using binomials — paifinsords joined by a conjunction
(e.g., safe and sound, loud and clear). They fahationly natives and higher
proficiency non-natives (but not lower proficienogn-natives) were sensitive to the
most typical binomials’ configuration: processingsafacilitated if binomials were
presented in their frequent configuration (e.gfie sad sound) as opposed to a less
frequent but still correct reversed form (sound safi). However, both natives and
non-natives were faster to process higher frequbim@ymials compared to lower
frequency ones. In another study, Wolter and Gadig2013) found that non-natives
showed sensitivity to the frequency of collocatiées)., human rights, bottom line),
regardless of the L1-L2 congruency of the collcwzdi pairs (i.e., whether the L2-L1
literal translation was felicitous or infelicitougffects of proficiency were observed in
those collocational pairs with an infelicitous L2-translation, and were restricted to
accuracy rates.

Finally, in a study combining behavioral and eyeking measures, Sonbul (2015)
used adjective-noun collocations (litetal mistakée that were more flexible relative to
those used in the two previously mentioned studikat is, although the word
combinations used in previous studies are moredlkexhan idioms (because, as
opposed to idioms, meaning is indeed predicted fitwahof the constituent words),
their word order is usually fixed: for instanceg tieversed combination séfe and
soundsounds unnatural, even if one can still undersisnmeaning. In contrast, an
adjective-noun pair such &stal mistakds not as fixed because it does not exclude
other (less frequent) combinations that still sonatiiral (e.g., awful mistake). Sonbul’'s
(2015) eye tracking measures showed early frequeffiegts in both natives and non-
natives. Behavioral data also showed frequencyfia both groups, which correlated

with proficiency in the case of non-native languagers. Therefore, Sonbul’s results
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indicated that non-natives are not merely senstouenmodifiable and, thus, highly
predictable two-word configurations, but that tladso develop sensitivity to the
relative frequency of word combinations.

Taken together, the current findings on L2 learseiggest that they are sensitive
to multiword frequency like native speakers. Howeedl studies to date have only
explored this sensitivity with rather fixed wordgsences. The only study to date that
has explored this issue with more compositionaldammbinations has used two-word
combinations (Sonbul, 2015). However, finding thatlearners show bigram frequency
effects does not entail that they are sensitivauatiiword frequency: two-word
frequency effects can arise by simply represerttiegelations between two individual
words. Word and bigram frequency effects can b#dyemscommodated via links
between words (or a non-symbolic representatidherh). But frequency effects
beyond the bigram (e.g., phrase-frequency effeetitfor the representation of larger
chains of relations (sequential information), notydoetween single words but also
between word strings of varying sizes. Put diffdse.2 learners may be sensitive to
bigram frequency (as in adjective-noun combinationsghe order of the two content
words in a binomial) without developing sensitivitythe distributional patterns of
larger sequences, as native speakers to. To exdnmsngossibility, we need to examine
frequency effects for fully compositional multiwocdmbinations beyond the bigram in
L2 learners. An additional open question is whethereffect of multiword frequency
on L2 processing is continuous (not limited to higlguency phrases), as it is for
native speakers, or whether it is limited to veightfrequency phrases, which may be
stored as a way to facilitate processing, as stgddsy the “frequency-threshold”

account (Biber et al., 1999; Goldberg, 2006; We802). To address this question, one



11

needs to look at sequences across the entire fiegwentinuum (not only comparing
high and low frequency stimuli).

One additional aspect when addressing this quesstitmconsider how the type of
exposure (immersion vs. classroom) may affect B2rlers’ sensitivity to multiword
frequency. Immersion settings are generally thotglprompt more implicit learning,
while classroom settings lead to more expliciti@agy (e.g., Batterink & Neville, 2013;
Morgan-Short, Steinhauer, Sanz, & Ullman, 2012plEx learning provides L2
learners with information about L2 grammar rulegjioes them directions to find rules,
whereas such instruction is not given in implieddning settings (Norris & Ortega,
2000). Implicit learning is thus more similar tetivay a child learns a first language
and might therefore lead to more native-like prieficy. However, the relative
effectiveness of immersion/implicit versus classnéexplicit training for different
linguistic abilities remains unclear. For examjepne electrophysiological study
where participants were taught an artificial larggiasing either explicit or implicit
training, Morgan-Short et al., (2012) found thalyathe implicit learning conditions
resulted in native-like activation patterns durgygtactic processing. In contrast,
Batterink & Neville (2013) taught native Englishesiikers a reduced set of syntactic
rules in an unknown language (French) using eithelicit or implicit training. Both
training groups (implicit and explicit) showed slamielectrophysiological responses to
those newly acquired syntactic rules. In anothectebphysiological study, Nickels,
Opitz, and Steinhauer (2013) showed that L2 learimea classroom setting (with
minimal immersion L2 exposure) are able to achieative-like brain processing of
speech prosody. In other studies, the relation &etvproficiency and type of exposure
makes it difficult to differentiate the effect ofgficiency from that of learning setting

on the development of native-like processing. F@neple, Bowden, Steinhauer, Sanz,
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and Ullman (2013) found that L2 learners with boissroom and immersion exposure
showed native-like electrophysiological responsesyntactic word-order violations,
while the group with only classroom L2 exposure miad show native-like activation.
However, L2 proficiency was lower in the classrograup, making it difficult (as the
authors acknowledged) to disentangle the poteetiatts of the type of exposure with
those of proficiency in achieving native-like preseng. In sum, while it is not clear
which setting is more facilitative overall, natilike processing of at least certain
aspects of the L2 can be achieved in both learsétigngs.

How could the type of exposure influence learnihgampositional multiword
sequences? Unlike idiomatic expressions — whiclotiem taught explicitly — Ellis
(2002) proposes that learning word-to-word co-o@noe patterns is more likely to be
subject to implicit rather than explicit processéscquisition. The results of the
previously mentioned Durrant and Schmitt's (201t0ylg — where L2 learners acquired
adjective-noun co-occurrences they saw embeddsenitences — is in line with Ellis’
proposal. Participants were not instructed to gaygcious) attention to those
adjective-noun combinations, yet they learned amjeamoun co-occurrences by just
reading the adjective-noun pairs in a sentenceegbriBased on this, one could predict
that sensitivity to multiword frequency will be le&d better through immersion
settings (which give rise to more implicit learnipgpcesses) than through classroom

settings (which utilize more explicit learning pesses).

The current study

The current study has several goals. The firstraath goal is to explore whether late
non-native speakers of English are able to devedmgitivity to compositional
multiword phrase frequency across the continuumor Btudies indicate that non-

natives show frequency effects for relatively fldeitwo-word combinations. However,
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this does not necessarily mean that they are alssitere to the distributional properties
of larger chunks of language. To address this goalvill use the same phrasal-
decision task as in Arnon and Snider (2010, Expentni): we compare reaction times
to pairs of four-word phrases that differ only imeoword, are controlled for part
frequency and plausibility but differ on phrasegirency (e.g., Don’t have to worry vs.
Don’t have to wait). If L2 learners are sensitisenultiword frequency, they should
respond faster to the higher frequency variantsugéeitems across the frequency
continuum to see if non-native speakers are seadii multiword frequencgven at

low frequency ranges, as is the case for nativaksps.

As a secondary goal, véxamine the possibility that sensitivity to multitslo
frequency is affected by the type of English expegimmersion vs. classroom). Prior
studies are inconclusive about the extent to wimghersion (as opposed to classroom)
settings benefit the achievement of native-likecpssing. However, it is possible that
immersion settings — where learning is more imphawill lead to better learning of the
distributional properties of multiword sequencest #re compositional — like the ones
we examine here. To test this possibility, we coraganultiword frequency effects
between two types of non-native speakers with inéeliate-advanced levels of English
proficiency who differed in the setting in whichethused English at the time of testing:
participants in the “immersion group” were livingan English speaking country,
whereas participants in the “classroom group” liwetheir country of origin and were
exposed to English only through their studiesate getting a Translation and
Interpreting degree with English as their ‘A’ larzge).

In addition to the experimental task (i.e., thegsai-decision task), we also
included a word lexical decision task (LDT) for tweasons. First, we want to ensure

that our non-natives are sensitive to the occug@icmaller units of language for
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which frequency effects have been repeatedly regort literature (i.e., words): it
would be hard to expect phrase frequency effea®mnative language users if they
did not show the typical word frequency effect. @eat; we want to see if the finding
that L2 speakers show a stronger frequency for svtirdn native speakers carries over

to multiword phrases.

Method
Participants

Seventy-nine participants took part in the studyrative, and 52 non-native
speakers of English). Native participants had Ehgéis a first and dominant language.
This native group was composed of undergraduatsiévia, and PhD students, as well
as individuals who were not enrolled in any uniugrgrogram but who had jobs
requiring a degree. Non-native participants hadiBngs an L2 and they had never
used this language in any context except for ab@ssrinstruction (i.e., English lessons)
before adolescence. All non-natives were classdgetiaving £ommon European
Framework CEF) English proficiency level of upper intermedi@CEF = B2) or lower
advanced (CEF = C1). This means that they weretahlee English with sufficient
structural accuracy and vocabulary to particip&cgvely in most formal and
informal conversations in practical, social andfessional topics. This proficiency
level was estimated through the Lexical Test fovdttted Learners of English
(LexTALE; Lemhofer & Broersma, 20123n English vocabulary size test that is often
used to estimate tt@ommon European FramewoiREF) proficiency level.

Non-native speakers were divided into two groug®eting to their type of
English exposure: there were 27 participants inrtiraersion exposure group (18

females and 9 males) and 25 participants in tresc@m exposure group (21 females
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and 4 males). Participants in the immersion expgoguup had a variety of languages
as their L1(Spanish (n=9), Catalan (n=3), Mandér&#8), Dutch (n=2), Italian (n=2),
Creole (n=1), Korean (n=1), Nyanja (n=1), PolishX}) Portuguese (n=1), Romanian
(n=1), and Turkish (n=1)). All participants in tlgsoup were studying (degree, Master,
and PhD programs) or working (post-doctoral redearmon-academic jobs requiring a
degree) in the US at the time of testing. Partiipan the classroom exposure group
had either Catalan or Spanish as arf Most of them were studying towards a BA in
Translation and Interpreting at thimiversitat Pompeu Fabr@JPF, Barcelona, Spain).
Table 1 reports the comparison between the thi@gpgrof participants in age and
educational attainment. There were no significaif¢rd@nces between the native and the
immersion exposure groups either in age<t1.51, p <.14) or educational attainment
(ts2 = 1.44, p < .16). Participants in the classroomosxre group were 7.6 years
younger (0= 7.3, p <.0001) and had lower educational attemt (t0 = 3.14, p <
.003) than those in the immersion exposure groadidfpants in this classroom
exposure group were 5.73 years younger than timobe inative group{g = 6.76, p <
.0001), but these two groups did not differ in extional attainment{g = 1.44, p <
.16). Age and education attainment differences betwhe classroom exposure group
and the other two reflect the fact that most pgudicts in the classroom exposure group

were still undergraduate students of the Transladind Interpreting degree.

(Table 1 about here)

Table 2 reports details on age of English acqoisjtexposure, and proficiency of
the two non-native groups. Participants in thestla@em exposure group started
acquiring English and became fluent in that langueaylier than participants in the

immersion exposure group. What is relevant, howasehat all non-natives started
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acquiring English during childhood (ranging fronbo314 years old), but none of them
became fluent in English before adolescence. $iadicipants in the classroom
exposure group were students of Translation aredgngting, they were regularly
exposed to English, but only in classroom settifigpese participants had never lived in
an English speaking country more than three conisecweeks, and it had been at least
one year since their last stay (if any) in an EstgBpeaking country. Participants in the
immersion exposure group were exposed to Englighlagy in a native context
because they worked or studied in an English-spgatountry (i.e., US). The time
spent in the US varied between three months anehsesn years.

All non-natives answered an English exposure qoieséire with a twofold
purpose. First, it served to rule out that the hwa-native groups differed in the amount
of English exposure through other language-relatddities — i.e., watching TV,
listening to the radio/music, classroom instrucifioe., English lessons not including
those in the Translation and Interpreting degre@encase of participants in the
classroom exposure group), or self-instructiono8dcit served to make sure that
participants in the classroom exposure group wetexposed to English in immersion-
like settings with family and friends. In this qtiesnaire, participants rated from O
(none at all) to 10 (very much) their daily expasto English in different
contexts/activities (family, friends, reading, faheducation, self-education, watching
TV, and listening to the radio/music). The totalaamt of English exposure (i.e., 70,
collapsing the seven contexts/activities) did ntiedsignificantly between the
classroom and the immersion exposure groups. Haward unsurprisingly,
participants in the immersion group had more exposuEnglish in their daily life
because they were living in an English-speakinghtgu Participants in the immersion

group were exposed to more English with friends gharticipants in the classroom
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exposure group. There was not much exposure tadbnigl a family context in either
group. But, probably due to some participants enithmersion contexts having
English-speaking partners, the amount of exposuEnglish in a family context was
slightly higher in this immersion exposure groulatige to the classroom exposure
group. Participants in the immersion exposure gnege also slightly more exposed to
English from reading, probably due to having act¢egsurnals, newspapers, and books
mostly in that language. Perhaps the higher expdasuEnglish of the immersion group
contributed to participants in this group showikighgly larger vocabulary size as
measured through LexTALE than their classroom cenpairts. Despite this, the two
non-native groups did not differ in self-assessedli§h proficiency in any language
domain (speaking, reading, and listening). This massured through theteragency
Language RoundtablgLR) language skill self-assessmejiestionnair¢United States
Federal Government; http://www.govtilr.org/): noatives answered “yes” or “no” to
90 statements about English skills (e.qg., | ran¢lgyer, have to ask speakers to

paraphrase or explain what they have said).

(Table 2 about here)

Tasks

Word Lexical Decision Task (LDT)

In this task, participants had to judge whethehe#Edhe eighty presented strings of
letters was a real word in English (e.g., breadjair(i.e., pseudoword, e.g., solk). Half
of the items were words and the other half wereige@ords. Participants were
instructed to respond as quickly and accuratelyossible using the keyboard. The task
was presented in a single block of about 5 mintitasparticipants completed in

between the two blocks of the experimental tagk, (ihe phrasal-decision task). Each
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trial began with the presentation of a fixationmdor 500 milliseconds (ms) followed
by the presentation of the string of letters fod B®s. The next trial began after
participants responded or after 1500 ms had pa3éediask was run using DMDX

(Forster & Forster, 2003).

Materials

Words.Words were divided into twenty high frequency woaasl twenty low

frequency words using CELEX database (Baayen, Ri@pek, & Gulikers, 1995).

High and low frequency words did not differ in sjdle, phoneme, or letter length. High
frequency words had a larger number of sensesvelat low frequency words (see

Table 3).

(Table 3 about here)

PseudowordsAll pseudowords were constructed by replacing anmare letters from
the original set of words. The number of letteydaeed depended on the length of the

original word.

Phrasal-Decision Task

Participants had to judge if the four-word Engldirases that appeared on the screen
were possible sequences in English or not. Implessdrnuences were incorrect due to
scrambled word order (e.g., | saw man the) or inggmpate prepositions (e.g., Jump
during the pool). Phrases appeared at once (i.&eir entirety) in the middle of the
screen and participants were instructed to respsrglickly and accurately as possible
using a keyboard. The task was divided in two domkabout 5 minutes each, which
were separated by the LDT task. The order of ptasien of the blocks was

counterbalanced between participants. Each trgdubevith the presentation of a
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fixation point for 500 ms. The phrase was then gmé=d and stayed visible on the
screen until participants responded or until 30@0had passed. The task was run using

DMDX (Forster & Forster, 2003).

Materials
Experimental phrase®e used the same materials as those in Arnon aid@S2010,
Experiment 1), which were constructed using a 2llieniword corpus resulting from
the combination of two spoken corpora, the Switemtdaorpus (Godfrey, Holliman, &
McDaniel, 1992) and the Fisher corpus (Cieri, Mijli& Walker, 2004). These two
corpora were based on American’s phone conversatwinich guaranteed that the
experimental set of phrases was typically usegpamsaneous speech. This
experimental set was composed of 26 pairs of phr&dwases in each pair (a) differed
only in the final word (e.g., Don’t have to worrg.nDon't have to wait), (b) differed in
phrase-frequency (high vs. low), but (c) they did differ in the frequency of the final
word, bigram, or trigram, or in plausibility (se@pendix A for complete item list). In
order to reduce possible priming effects from sgéivo very similar phrases, only one
variant appeared in each block and block orderceaster-balanced across
participants. To avoid incomplete intonational ges the last word in each phrase was
never a determiner. Similarly, no phrase ended ailemonstrative (e.g., that), which
could be interpreted as a modifier (e.g., pathatboy). In addition, to increase the
reliability of the frequency estimates for low fremncy phrases, all first 3-grams (e.g.,
Don’t have to) had a frequency over 30 per milliang the last word in the 4-gram (the
one differing between the two phrases in each paiqys had a frequency of at least
50 per million.

In the original study (Arnon & Snider, 2010), the @hrases were divided into two

frequency bins, a high bin (15 phrases) and a oW1l phrases) that differed in their
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cutoff: while the cutoff point between the high dod frequency variants was 10 per
million in the high frequency bin, it was one peitlion in the low frequency bin. High
and low frequency phrases were equally plausibteerhigh frequency bin (high: 6.7,
low: 6.7,W=113.5, p > .5), and in the low frequency birgthi6.6, low: 6.4\W = 43.5,
p >.1) — see Arnon and Snider (2010) for detdlsua the ratings on plausibility. The
division into bins was done to test the predictizet speakers show frequency effects
across the continuum and not only for high freqyestorase. Since that has already
been demonstrated, and since treating frequenaybasary variable may lead to a loss
of information, in the current study, we collapse two bins and treat all item pairs as
belonging to one set that ranges from very lowdsgy (0.2 per million) to high
frequency (27 per million). The important featufdhee items is that they span the

frequency continuum and are paired to minimizeetfiect of part frequencies.

Fillers. In addition to the experimental phrases, there \Bdréllers. Sixty-eight of

these fillers were grammatically incorrect phra&eg., | saw man the, Jump during the
pool). The remaining sixteen fillers consisted mrgmatically correct phrases that were
added to have the same number of grammaticallgcband grammatically incorrect

phrases.

Results

Word Lexical Decision Task (LDT)

Responses under 200 ms and over two SD from tha peracondition (high frequency
vs. low frequency) were excluded. This resultebgs of small percentages of data per
frequency condition in each group of participart$(42%). Participants in all three

groups were highly accurate in their responsessaaronditions (see Table 4).
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(Table 4 about here)

We analyzed the results using mixed-effect modedowing Barr, Levy,
Scheepers, and Tily (2013), we use the maximalaaneiffect structure justified by the
data. We used log(response times) as the predret@ble to reduce the skewness in
the distribution of response times. All reporteddeis had low collinearity [vif's < 1.8].
To further reduce the effect of any remaining c@érity, we tested the effect of our
variables of interest through model comparisonsiaddded only ones that
significantly improved the model. To test the effetlexical frequency on native and
non-native speakers, we ran a model with frequéhicjh vs. low) and group (native,
L2-classroom, L2-immersion) as fixed effects, wdlas the interaction between
frequency and group — to see if the effect of feetuy differs between native and non-
natives. We had number of senses and trial-nunsoadditional fixed effects (this was
done to control for the difference in mean numidesemses between the high and low
frequency items). The model had participant an iés random effects, as well as a by
participant random slope for frequency (high vs)lo

Significance was obtained using the ImerTest pgeka R [Formula: f1 <- Imer
(log (RT_clean) ~ freg*group + dmdx_order + numssan+ (1+freq|subject) + (1|item),
data=subset (use))]. As predicted, the effectxitt frequency was significant: across
groups, participants were faster to respond tdifie frequency words (518 ms, SD =
79) compared to low frequency ones (607 ms, SDG;[A8 -.08 (SE=.01), p <.001).
However, the effect of lexical frequency was stemig the non-native groups (natives:
45 ms, SD = 27; immersion: 105 ms, SD = 74; classrdl17 ms, SD = 63), as
reflected in the significant interactions of frequg and the two L2 groups
(frequencyXimmersion = .07 (SE=.01), p <.001; frequencyXclassro@m:.09

(SE=.01), p <.001). Both non-native groups wereraWN slower than the native
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speakers (immersiof:= .08 (SE=.01), p < .01; classroofw .01 (SE=.03), p <.001).
The effects of trail number and number of senseag wet significant (trail numberl =
-.001 (SE=.001), p > .09; number of senges:-.001 (SE=.001), p > .1).

In summary, these results showed that non-nataesvéll as natives) are sensitive to
the frequency of occurrence of single words (Figiteand that they show a larger
lexical frequency effect than native speakers,aaslieen found repeatedly in the past
(e.g., Diependale et al., 2012). This is of impacgafor our study because it would be
hard to expect phrase-frequency effects in theradgsef the extremely robust effect

word frequency effect found for L2 learners.

(Figure 1 about here)

Phrasal-Decision Task

Responses under 200 ms and over two SD from tha mege excluded. This resulted
in loss of small percentages of data in each godygarticipants<£ 6.3). Participants in

all three groups were highly accurate in their oeses to phrases and fillers (see Table

5).

(Table 5 about here)

We analyzed the results using mixed-effect moddisnodels had the maximal
random effects structure justified by the desigar(it al., 2013). We used
log(response times) as the predicted variabledoae the skewness in the distribution
of response times. We added the log frequencyeofitial word, final bigram and final
trigram as controls (we used log frequencies toeobifor non-normal distributions).
These were the only substrings that differed betvtke high and low variant of each

pair, and while their frequency was matched, weta@dto make sure that any effect of
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frequency was caused by phrase-frequency and betrgng-frequency. These
frequencies were calculated from the same corped igsselect the target items. In all
analyses, we checked for collinearity between itteddfeffects (e.g., between phrase-
frequency and the frequency of the final bigrang eeduced it by regressing one of the
collinear factors (the factor of interest, if onasnnvolved) against the collinear
covariates, and using the residuals of these reigresinstead of the original variables
in the final models we report. All reported mode#l low collinearity [vif's < 2.5]. To
further reduce the effect of any remaining collntyawe tested the effect of our
variables of interest through model comparisonsiaddded only ones that

significantly improved the model.

Sensitivity to multiword frequency in native anchymative speakers

To test the effect of multiword frequency on natarel non-native speakers, we ran
a model with logged (phrase-frequency), frequeypet(high vs. low) and group
(native, L2-classroom, L2-immersion) as fixed efégave well as the two-way
interaction between logged (phrase-frequency) aadpy— to see if non-native speakers
are as sensitive to multiword frequency as natpeakers across the continuum. We
also had trial-number, block (first vs. second)niver of letters, and the relevant
substring frequency measures (unigram4, bigrangdam?2) as additional fixed effects.
The model included random intercepts for particiand item, as well as a by-subject
random slope for logged (phrase-frequency).

As predicted, the effect of multiword frequencgsasignificant: across groups,
participants were faster to respond to the highjtfemcy variants (see Table 6): higher
frequency led to shorter reaction times (high-fiagry = 1023 ms, SD = 378; low-
frequency = 1073 ms, SD = 40Dz -.03 (SE=.01), p < .01), leading to a phrase

frequency effect of 50 ms, which is similar to thepported in Arnon and Snider (2010).
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Unlike the word frequency data, the magnitude efdffect did not differ between
native and non-native speakers, or between theytaugps of non-native speakers (non-
significant interactions between logged(phrasetfezgy) and L2-classroom grouf:=
-.002 (SE=.005), p > .7, L2-immersion grofp= .001 (SE=.05), p > .7). Interestingly,
there was no difference in overall reaction timesdeen the immersion learners (1027
ms, SD = 161) and native speakers (958 ms, SD =12506 (SE=.01), p > .28), but
the classroom group (1210 ms, SD = 187) had slogation times compared to
native-speakerg(= .02 (SE=.05), p < .01). Unsurprisingly, havingrmletters led to
slower reaction timeg(= .05 (SE=.005), p < .001). Participants wereslasterall in

the second block3(= -.06 (SE=.007), p <.001), but reaction timesv&d down with
increasing trial numbeB(= .003 (SE=.001), p <.05). The effect of bigramd &igram
frequency was not significant (bigranf8= .007 (SE=.01), p > .5, trigram@= .02
(SE=.01), p > .15), but the effect of the final ddrequency was marginal in the
unexpected direction: participants were somewlmatest when the final word was more
frequent p = .01 (SE=.009), p = .055). Note however, thatitéyxas were tightly
controlled for part frequencies and were not desigio span the lexical frequency
continuum.

(Table 6 about here)

These results replicate the ones found in Arnah&mider (2010) for native
speakers — adults are sensitive to multiword fraquefter controlling for all substring
frequencies — and extend them to two groups ofmaiive speakers. Non-native
speakers showed multiword frequency effects siniddahose shown by native speakers
in both learning settings. To further explore tifea of multiword frequency on non-
native speakers, and to see if they are affectdatidoiength of time spent in an English-

speaking country, we conducted an additional amsalgsking only at the immersion
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group. Since there was variability in the time gparthe US by participants in this
group (ranging from three months to seventeen y@ssadded length of stay, and its’
interaction with phrase-frequency as additionaldesc(see Table 7). As in the previous
analysis, participants were faster to responddbdr frequency phrasef €£.-03
(SE=.01), p < .01). While learners who had spengéo in the US were faster overdl (
=-.02 (SE=.01), p < .05), this did not interacthwphrase-frequency = .004

(SE=.001), p > .9).

(Table 7 about here)

We also inspected whether non-natives’ phrase éecy effects were associated
with variables particularly relevant for foreigmtuage users such as proficiency level
or amount of current L2 exposure. The magnitudidefirequency effects for phrases
was not correlated with any of the proficiency meas (not correlated with LexTale or
with any of the ILR self-assessment scales;sa# 0.22, alps > .11).

In sum, our analyses show that (a) native and radivaespeakers are sensitive to
multiword frequency across the frequency continuand (b) that this effect is similar
in both learning settings. These results repligaten and Snider’s (2010) study
showing thatanguage users are sensitive to the frequency of ws@mbinations at the
level of multiword phrases, and that this ocawen at low frequency ranges —i.e.,
whenever a higher (but still low) frequency phrases compared to a lower one.
Crucially for our purposes, non-native languagesjsa both the immersion exposure
group and the classroom exposure group, showeshthe pattern of results as natives.
That is, the frequency effects for phrases wergraflar magnitude in the three groups
of speakers, and that occurred regardless of anedr.e., the classroom exposure
group) showing overall slower response latenciksdive to the other two (the native

and the immersion exposure groups).
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Discussion
The objective of the present study waslébermine whether late L2 learners learn
distributional properties of relatively large lamge sequences as efficiently as L1
speakersAfter confirming that both native and non-natiyeakers of English were
sensitive to the frequency of occurrence of singbeds, we compared their sensitivity
to multiword frequency using a phrasal-decisiok {@gnon & Snider, 2010). In
addition, we also examined whether any potentighgd frequency effect in non-native
speakers would be restricted to the highest freqqupairs — i.e., whenever a very high
frequency phrase is compared to a lower (but\sity high) one. Finally, we compared
the magnitude of the effect between two groupsoofmative speakers (immersion vs.
classroom) to examine the effect of learning sgttin multiword processing. The
results indicated that non-native speakers weseasitive as natives to the frequency
of multiword phrases along the continuum (i.e.odts lower frequency phrases),
regardless of the type of exposure (immersion lesscoom): there was no difference in
the magnitude of the frequency effect betweenhheetgroups of speakers (native,
immersion-L2, classroom-L2).

The findings replicate the effect of multiword ftesncy on native speakers (Arnon
& Snider, 2010): using the same items, we fountl$paakers respond faster to higher
frequency phrases. These findings further highligbtparallels in processing words
and larger phrases — both words and compositionéilword phrases display frequency
effects. Such findings pose a challenge for duatesys views of language, which
differentiate between words and compositional pFsde.g., Pinker, 1999), and are
instead supportive of single-systems of languagg, (Bybee, 1998; Christiansen &
Chater, 1999; McClelland et al., 2010) where alyliistic material is processed by the

same cognitive mechanisms. It is worth acknowleglgnowever, that there are other
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ways to capture frequency effects in addition ®ttho views presented above. For
instance, in the “Adaptive control of though-ratdintheory (ACT-R; Anderson et al.,
2004), phrase frequency effects are thought tecell set of computations that
constrain the retrieval of chunks (i.e., elemetdsesl in declarative memory that in our
case would be phrases). These computations inthedeequency and recency of
retrieval of each particular chunk, and also theated utility value. This value is
determined by how often the production of that ¢hwas satisfactory. That is, given
multiple competitor chunks that can be activatedartain contexts, how often that
particular chunk led to satisfactory productioraigiven context (see Patil, Hanne,
Burchert, De Bleser, and Vasishth (2016) for anl@mgntation of this framework for
sentence processing). Regardless of the preciselmseéd to capture frequency effects,
the results highlight the need of any model toltde o account for both word and
multiword frequency effects.

More importantly, the results provided an affirmatanswer to our main question:
late non-native speakers are able to learn infaomatbout the frequency of multiword
phrases to the same extent as native speakerdifidirsg extends prior research that
documented frequency effects for rather fixed wapchbinations in non-native
speakers (e.g., Siyanova-Chanturia et al., 2011diteV& Gyllstad, 2013) in several
ways. First, unlike Wolter and Gyllstad’s work, thlerases used in this study were
compositional and non-formulaic, and unlike Siyam@hanturia et al.’s, work there
were broader in scope than binomials. This meaatsiibn-natives are not only
sensitive to fixed and highly predictable multiwaxpressions, but to more fine-
grained information about how multiple words con&in a language (e.qg., tHadon’t
like the ideas more frequent thandon’t fancy the ideaeven though both are

grammatical and plausible). Second, this goesimwith results showing that non-



28

native speakers are sensitive to the frequencglafively flexible adjective-noun pairs
(e.g., fatal mistake, Sonbul, 2015), and showsittatcurs beyond the bigram and in a
wider range of phrases (not only adjective-noun moations) Third, the fact that non-
natives showed similar frequency effects as naewes at low frequency ranges
excludes the possibility that they are only leagrimose word combinations that occur
with extremely high frequency, and can thereforeneenorized as unmodifiable
wholes. Instead, the findings suggest that non+eatare able to detect and learn that
some word combinations are more likely than otharaddition, the fact that our non-
natives were “only” at upper intermediate and loagvanced levels of English
proficiency means that this ability does not regdunctionally native levels of English
proficiency. Finding that L2 learners at this lewéproficiency show multiword
frequency effects presents additional evidencenagaVray’s (2002) proposal that L2
learners process words separately without detetitisigsome words are more likely to
appear together than others. What's more, thisrfqohdicates that L1 and L2 learning
show parallels in at least certain aspects, sucerstivity to the distributional
properties of multiword sequences — under a siagétem view of language, this means
that the parallels between the processing of wandsphrases for native speakers also
holds for non-native speakers. This goes in lind wie view that the similarities
between L1 and late L2 learning are more strikiramntthe differences and, therefore,
that unified theoretical models rather than sepavats are needed to account for the
mechanisms used for L1 and L2 learning (MacWhin2€%3).

One important question in assessing non-nativabtyato develop native-like
lexical processing is how this is affected by prigincy levels. In our study, phrase
frequency effects did not seem to be modulatedrbftgiency levels: the magnitude of

the phrase frequency effect did not correlate it of the L2 proficiency measures
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(self-reports or th&nglish vocabulary size tesexTALE). Prior studies about the
ability to develop sensitivity to multiword co-oacences (restricted to two-word
combinations) also did not show clear proficienffgas. For example, Siyanova-
Chanturia et al. (2011b) did not observe proficiedi¢ferences in non-natives’
sensitivity to the frequency of binomials (e.gfesand sound), but only in their
sensitivity to the binomials’ most typical configiion (e.g.safe and sounds opposed
to sound and sajeln Wolter and Gyllstad’s (2013) study higherfiz@ncy L2
learners were more accurate only when collocatipaas had an infelicitous L2-L1
translation. Finally, Sonbul (2015) found profictgreffects in non-natives’ sensitivity
to adjective-noun pairs (e.g., fatal mistake) ia biehavioral measures but not in the
eye-tracking measures. However, there is one irapolimitation in the conclusions
that can be drawn from both our study and priodist all of them use a relatively
narrow range of proficiency levels, because leahave to be able to understand and
complete the tasks. Studies testing non-nativesigeity to multiword co-occurrences
need to test participants that have achieved &iveljaadvanced level of proficiency.
This, in turn, reduces non-natives participantsialality in terms of proficiency levels,
which may hinder the detection of any potentialfigrency effect. The lack of
variability may also impact our ability to detecatedation between single word
representation and multiword representation. piissible that information on how
often different words appear together cannot bieiefftly learnt if the lexical
representation of those words is weak. The lactoatelation between the single word
frequency effect (in the LDT task) and the phrasgudency effect (in the phrasal-
decision task) suggests a negative answer to tigstipn. However, our non-native
speakers may not vary enough in the strength gfesiword lexical representations in

the same way they do not vary enough in proficideggls.
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The comparison between the LDT results and thesphdecision task revealed an
interesting contrast: while non-natives showedrgjer word frequency effects
compared to native speakers, they did not shovetargiltiword frequency effects. The
counterintuitive phenomenon of larger lexical freqay effects in L2 speakers has been
repeatedly reported in prior studies with singledsd(e.g., Diependaele et al., 2012,
Duyck, Vanderelst, Desmet, & Hartsuik&2008; Gollan et al., 2008; Gollam al.,

2011; Lemhofeet al, 2008; Van Wijnendaele & Brysbaert, 2002; Whitf&ditone,
2012), and has driven different theoretical acceatiout L2 lexicon integration. One of
the most accepted explanations for this phenomenthre “lexical entrenchment
account”: the effortful discrimination between al&requency word and its neighbors
is due to L2 words being more weakly representetieriexicon. Although this
weakness is conceptualized differently by the wegieersions of this account (e.g., L2
reduced resting levels, lower L2 lexical precisjonijs argued to be the result of a
generally lower proficiency in L2. The “lexical @ehchment account” would, in
principle, be as applicable to multiword phrases &sto single words. If this were the
case, we would expect stronger phrase frequenegtsefin non-natives (relative to
natives). However, this exaggerated frequency eifegon-natives was not observed in
our phrasal-decision task or in prior studies us$wgrword combinations. One
possibility is that there is a larger multiwordduency effect in L2 speakers, but it was
not detected because of the cutoff point betwegh &nd low items. That is, it is
possible that the mean frequency difference betwegnand low frequency items is
much smaller in the studies using multiword combares than in studies using single
words. This is the case of our study: in our pHrdsaision task, the mean frequency
difference (per million words) between the high &na frequency variants was 16.33

and 2.76 for phrases in the high and low frequénicy(see original study by Arnon &
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Snider, 2010). In contrast, the difference betwaigh and low frequency words (in the
LDT) was clearly higher (103.85). Nevertheless, thbeor not this is the (only) reason
why non-natives’ typically show stronger frequemdiects (relative to natives) in
single words but not in phrases is unclear and éatlfurther research.

With regards to our secondary question, our daggests that immersion settings —
which prompt more implicit learning — do not leadricreased sensitivity to multiword
frequency information relative to classroom sesirgvhere learning is typically more
explicit. Instead, our results suggest that nolivaapeakers in both settings show
native-like sensitivity to the distributional progies of multiword phrases. This finding
goes in line with the results of prior researchvging that immersion exposure is not
necessary to develop native-like cognitive mechmasjsat least for some aspects of L2
processing (e.g., the ability to use prosodic taeyntactic parsing, Nickels et al.,
2013). Note, however, that our study and also @iodies comparing learning settings
cannot rule out that classroom learners may alge haen exposed to the L2 in
immersion-like contexts as well. Non-natives mayekposed to immersion-like
contexts through a variety of out-of-class actest{e.g., interacting with foreign work
mates, watching films in original version, readiagure books, etc.), as well as
through certain classroom materials (movies, soeigs). What we can conclude is that
living in a native context is not necessary to diepeensitivity to multiword frequency.
However, whether this is because such sensitiatyarise through both implicit and
explicit learning or because classroom learneram@exposed to immersion-like
contexts is a matter for further research.

In conclusion, the results of this study suggest #tquiring a second language
after childhood does not result in a lack of sengjtto distributional information at the

phrase level. Like native speakers, L2 learnersansitive to the frequency of four-
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word compositional phrases across the continuuen avupper-intermediate levels of
proficiency. Moreover, these effects were found milar extent regardless of current
exposure setting (classroom vs. immersion). Thiesknigs highlight additional

parallels between the lexical processes of nativkren-native speakers. Further
research is needed to understand when such ségsitwvelops, whether it is found
also in lower proficiency levels, and the degrew/ich it is dependent on implicit vs.

explicit learning mechanisms.
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Appendix A. Materials used in the Phrasal-Decision Task, withftequency per

million words.

10.

11.

12.

13.

A lot of places
A lot of days

A lot of work
A lot of years

All over the place
All over the city

Don't have to worry
Don't have to wait

Don't know how much
Don't know how many

Go to the doctor
Go to the beach

How do you feel
How do you do

| don't know why
| don't know who

| have a lot
| have a little

| have to say
| have to see

| want to go
| want to know

It's kind of hard
It's kind of funny

On the other hand
On the other end

10.45
0.55

14.7
1.9

21.45
0.65

15.3
1.4

12.8
7.8

16.7
5.65

29.6
4.95

35.15

26.45
8.95

15.4
0.95

9.1
2.95
13.3
7.2

27.15
3.95

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25

26

Out of the house
Out of the game

Where do you live
Where do you work

A lot of rain
A lot of blood

Don't have any money
Don't have any place

Going to come back
Going to come down

Have to be careful
Have to be quiet

| have a sister
| have a game

| have to pay
| have to play

| want to say
| want to sit

It was really funny
It was really big

Out of the car
Out of the box

We have to wait
We have to leave

You like to read
You like to try

9.75
0.7

44.8
2.6

4.65
0.2

2.35
0.25

1.35
0.4

5.9
0.15
4.9
0.1

1.8
0.1

3.6
0.2

2.65
0.15

0.2

1.65
0.25

1.55
0.1
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Table 1.Mean (SD) age and educational attainment brokehdnguage group (native,

immersion exposure, and classroom exposure).

Native Immersion exposure  Classroom exposure
Age (years) 26.85 (4.06) 28.74 (5.1) 21.12 (1.24)
Educational attainment 5.89 (1.5) 6.48 (1.53) 5.82)

Educational attainment values range from 1 to & (lless than High School, 2 = High School, 3 =
Professional Training, 4 = Some College, 6 = SomsdGate School, 7 = Masters, 8 = PhD).



45

Table 2. &lf-report information on English acquisition, exgpme, and proficiency of the two

non-native groups of participants (immersion expesand classroom exposure).

Average (SD) Range Average (SD) Range p-value
English acquisition (years)
Age start acquisition 10.26 (2.92) 3-14 7.4 (2.52 3-12 .0001
Age became fluent 20.7 (5.84) 13-32 16.16 (2.03) 3-22 .001
Current Exposureto English
Family (0-10) 1.56 (2.64) 0-10 0.36 (0.7) 0-3 .033
Friends (0-10) 6.93 (2.56) 1-10 3.88 (2.11) 0-8 0001
Reading (0-10) 7.89 (1.95) 3-10 6.44 (2.71) 2-10 .031
Classroom inst. (0-10) 5.93 (4.17) 0-10 6.64 (B.08 0-10 .49
Self inst. (0-10) 3.3(3.71) 0-10 4.32 (2.88) 0-10 27
Watching TV (0-10) 6.52 (3.03) 1-10 6.68 (3.22) 1- 77
Radio/music (0-10) 6.19 (2.39) 2-10 6.8 (2.68) 01-1 44
TOTAL (0-70) 38.63 (11.22) 23-70 34.68 (11.16) BP- 21
Months in an English- 40.93 (47.08) 3-205 2.44 (2.2) 0-12 .0001
speaking country
LexTALE score® 0.59 (0.18) 0.25-0.93 0.52 (0.13) 0.25-0.8 .08
Self-rated English proficiency (ILR)*
Speaking 78.7% (15.66) 46-100 78.68% (12.96%) 44-95 .99
Reading 87.74% (11.86) 62-100 87.68% (12.8%) a2-10 .82
Listening 79.67% (18.03) 40-100 80.64% (12.81%) -100 .95

Immersion exposure

Classroom exposure

" No participant in the classroom exposure groupeHared more than three consecutive weeks in arlising
speaking country; the number of months reported feethe sum of all the periods abroad.
“p-values are the result of t-tests comparing th@énsion exposure group versus the classroom expasaup.

§ Score range: 0-1, higher scores indicate bettgfoqmeance (ot scoring method; Huibregtse, Admiraal, &

Meara, 2002).

¢ We computed the percentage of “yes” answers it émoguage domain (39, 21, and 30 statements in the
speaking, reading, and listening domains, respalgliv
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Table 3.Mean (SD) frequency and logarithmic (Log) frequeasyvell as number (N)

of syllables, phonemes, letters, and senses ofdhes used in the two conditions (High

frequency and Low frequency) of the LDT.

Word frequencyCELEX)
Log frequencyCELEX)
N. Syllables

N. Phonemes

N. Letters

N. Senses

High frequency Low frequency t p-value
109.3 (133.99) 5.45(2.85) 6.17 .0001
2.2(0.27) 0.77(0.18) 19.48 .0001
1.15(0.37) 1.15(0.37) <1 999
3.4(0.6) 3.6(0.82) <1 .38
4.50) 4.3(0.87) <1 5

8.8(4.24) 5.25(3.51) 2.89 .01
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Table 4.Accuracy rates (% correct) per frequency condifjbigh and low) and

pseudo-words in each group of participants in thegte Word Lexical Decision Task.

Native Immersion exposure Classroom exposure
High frequency 95.74 96.3 98.8
Low frequency 88.89 87.59 86.6
Pseudo-words  93.15 87.63 86.64
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Table 5.Accuracy rates (%) per phrases and fillers in egobup of participants in the

Phrasal-Decision Task.

Native Immersion exposure Classroom exposure
Phrases 98.6 96.2 94
Fillers 90.3 86 85.2
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Table 6:Mixed-effect regression. Significance obtained gishe ImerTest package in

R. Formula: log(RT.clean) ~ log(chunk.freq) * groupfistBlock + dmdx.order + nchar +

log(unigram4) + bigram3.r + trigram2.r + (1 + log(eunk.freq) |

subject) + (1 | Uniqueltem).

Fixed Effects Coef. SE t p-value
Intercept 6.01 .01 49.78 <.001
Log(phrase-freq) -.03 0.1 -3.06 <.001
Group-immersion .06 .05 1.06 >.3
Group-classroom .02 .05 41 <.001
Block-second -.06 .007 -9.06 <.001
Trial-num .003 .004 243 <.05
Num-letters .05 .005 10.14 <.001
Log(unigram4) .01 .009 1.96 =.055
Log(bigram3) .007 .01 061 >0.5
Log(trigram?2) .02 .01 1.44 >0.1
Log(phrase-freq) X group-immersion .001 .005 0.35 >0.7
Log(phrase-freq) X group-classroom -.002 .005 -38 >0.7
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Table 7:Mixed-effect regression only with immersion leam&ignificance obtained

using the ImerTest package inAdrmula: log(RT.clean) ~ log(chunk.freq) * timeUSirstBlock

+ dmdx.order + nchar + log(unigram4) + bigram3.r trigram2.r + (1 + log(chunk.freq) |  subject) +

(1 | Uniqueltem).
Fixed Effects Coef. SE t p-value
Intercept 6.01 .01 45.75 <.001
Log(phrase-freq) -.03 .01 -2.68 <.001
timeUS -.02 .01 -25 <.05
Block-second -.05 .01 -4.08 <.001
Trial-num .004 .002 0.99 >.03
Num-letters .06 .005 11.13 <.001
Log(unigram4) .01 .009 156 >.01
Log(bigram3) -.002 .01 -0.2 >0.8
Log(trigram?2) .02 .01 157 >01
Log(phrase-freq) X timeUS -.001 .01 0.12 >0.9
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Figure 1. Mean response latencies as a functiovoad frequency (high vs. low), and
Group of Participants (Native, Immersion exposare] Classroom exposure) in the
Single Word Lexical Decision Task. For the sakeisfialization, mean RTs are shown

in milliseconds instead of log(RT).
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Footnotes

! This does not mean, however, that multiword ptease stored in the lexicon or
treated as unanalyzed wholes. Indeed, languags asenrlso sensitive to the frequency
of the smaller parts of multiword phrases, indiogtihat they have an internal structure.
2 Participants’ L1 varied much more in the immersjooup than in the classroom
group. Nevertheless, only six participants in thenersion group had an L1 with a non-
Latin script. All results reported in this articlemain the same when those six
participants were removed from the analyses.

3 An alternative explanation for the larger wordgiiency effects in non-natives is that
of language competition effects, which is basedhenwo languages of a bilingual
being simultaneously activated by the conceptustiesy (for a detailed rationale of this
account, see Diependaele et al., 2012). This fdsteguals to discriminate a given
word from both its L1 and L2 neighbors. Considetingt (a) any lexical discrimination
process is particularly costly for low frequencyrd®with high frequency neighbors,
and that (b) L1 words are assumed to be of higleguency than L2 words, the larger
frequency effect in L2 is the result of the strangempetition from L1 words. As with
the “lexical entrenchment account”, the languageetition account would also
predict larger multiword frequency effects in naative speakers, which were not

found.



