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Unlike native speakers, nonnative speakers perceive speech sounds through the
prism of their native language (L1), which sometimes results in phonological ambiguity
in their second language (L2). For example, Japanese learners experience difficulty
discriminating English /r/ and /l/ sounds, which may lead to a lexical confusion between
English words minimally different on this phonological contrast (e.g., “rock” and “lock™).
While L1 comprehenders can rely on context to disambiguate meaning of spoken words,
it is unclear whether L2 comprehenders have access to the same mechanisms, owning to
their 1) smaller vocabularies and weaker semantic associations between words; ii) use of
shallow syntactic processing and decreased sensitivity to morphosyntactic violations; and
ii1) slowed meaning integration and prediction mechanisms.
Across four experiments, both behavioral and electrophysiological, this

dissertation research aims to examine how information gleaned from the phonological
level is brought together with that derived from the larger linguistic context. In particular,

we are interested in identifying the extent to which different kinds of contextual

information (semantic, morphological and syntactic) can potentially be utilized by L2



Russian speakers (as compared to native Russian speakers) for shaping interpretation of
individual words, especially if they are perceptually ambiguous.

The results indicate that approximate and unstable nature of L2 phonological
representations leads to phonolexical ambiguity in the L2, causing minimal pairs to
become temporarily perceptually indistinguishable. Unlike phonolexically unambiguous
words, ambiguous incongruent words do not incur processing costs associated with
contextual integration, suggesting that L2 comprehenders disambiguate meaning through
accessing their semantic, syntactic and morphological characteristics despite low-
resolution phonological information. Syntactic and semantic contextual constraints
appear to produce a stronger context effect than morphological constraints for both L1
and L2 groups. Although L2 representations may differ from those in L1 in that they may
lack phonological specification and detail, the mechanisms associated with the use of
contextual information for meaning resolution in auditory sentence comprehension are
essentially the same in the L1 and the L2. The outcome of this dissertation work has

widespread implications, both theoretical and pedagogical.
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1 Introduction

1.1 Overview

Ambiguity is present at many levels of language processing, including semantic
(bearmay refer to an animal species or to the act of supporting), syntactic (bearcan be a
noun or a verb), orthographic (when bear is heard, it may be interpreted as the word
“bear” or “bare”), and perceptual (in the presence of noise, bear may be easily confused
with pear. This dissertation is concerned with yet another kind of ambiguity, to which
we refer as “phonolexical”. We believe that such ambiguity is characteristic of second
language (L2) processing and originates from ambiguous phonological representations in
the L2. Unclear, fuzzy phonological representations may render spoken word recognition
problematic by making similar-sounding words highly confusable (or even
homophonous). For example, Japanese speakers of L2-English experience difficulty
discriminating /r/ and /1/, leading to confusion between English words minimally different
on this phonological feature (as in rock and lock). In other words, if perceptual correlates
of phonological representations are unstable in the L2, lexical representations may also
become insufficiently differentiated. Phonolexical ambiguity is different from perceptual
ambiguity (for example, due to noise) in that it is systematic and affects certain
phonological contrasts, usually those that are not represented in the speaker’s native
language (L1).

Despite pervasive ambiguity in speech, the human brain is remarkably capable of
converging on the intended interpretation of a word in a matter of mere milliseconds, a
feat that is achieved through the real-time interaction of the bottom-up and top-down

information. A key to the speed and efficiency of spoken word recognition is likely to be



contingent not only on the ability to synthesize information as it arrives from these two
sources, but also on the ability to actively anticipate the upcoming input. Indeed, decades
of research in cognitive science have established that the brain’s ability to generate
predictions about future events is a fundamental principle underlying many cognitive
processes (Hawkins, 2004), including language comprehension (for an overview, see
Chow, 2013; DeLong, 2009; Federmeier, 2007; Lau, 2009). For example, linguistic
predictions, built up incrementally over the course of a sentence or other higher-order
language context, can be used to pre-select certain semantic features or even pre-activate
lexical items (Delong, Urbach, & Kutas, 2005; Federmeier & Kutas, 1999; Laszlo &
Federmeier, 2009) and to predict syntactic relationships between words (Marslen-Wilson
& Tyler, 1980; Tyler & Warren, 1987).

This dissertation makes an implicit assumption that although not all top-down
information has to be of predictive nature, more often than not, sentential context is
actively involved in constructing representations, on the basis of which hypotheses about
upcoming signal are formed. Over a series of experiments, we manipulate the predictive
power of different types of context (semantic, morphological and syntactic) in order to
investigate how top-down contextual information contributes to resolution of
phonological ambiguity in auditory speech comprehension. While it is a well-established
fact that native speakers can utilize rich contextual information to compute online
linguistic predictions during language comprehension, little is known about how sensitive
nonnative speakers are to such contextual expectations due to i) smaller vocabularies and
weaker semantic associations between words; ii) their use of shallow syntactic processing

and decreased sensitivity to morphosyntactic violations. We adopt a synergistic approach,



which consists in synthesizing evidence from a variety of experimental techniques (both
behavioral and neurocognitive) and from different levels of linguistic analysis (acoustic-
phonetic, word level, sentence level) in order to elucidate the mechanisms underlying the

use of contextual cues for ambiguity resolution in the L2 compared to the L1.

1.2 CQutline of the dissertation

This dissertation is based on a set of beliefs about what distinguishes native
versus nonnative speech comprehension. One of the critical beliefs is centered around the
idea that phonology plays a crucial role in spoken word recognition and acts as an
activation code to the mental lexicon. Chapter 2 compares and contrasts the differences in
native versus nonnative phonological acquisition, summarizes the properties of the two
systems and outlines how they affect bottom-up processing in the two populations.
Because bottom-up information has to be combined with top-down information in order
for speech comprehension to happen, we review evidence on L1 and L2 speakers’ use of
contextual information for meaning resolution while outlining differences and
similarities. Another belief is based on the idea that the level at which lexical processing
and word recognition are carried out serves as a functional locus of the interaction
between the bottom-up and the top-down input. To this end, we review some influential
models of spoken word recognition and outline the assumptions they make.

Chapter 3 identifies the main motivating questions and hypotheses that the study
aims to address. A brief description of the target phonological feature is provided and
preliminary evidence from pilot experiments is reviewed.

Chapter 4 examines the consequences of L2 phonolexical ambiguity for word

identification and explores how different kinds of sentence-level contextual cues are



utilized for processing of ambiguous and unambiguous words by L2 compared to L1
listeners during sentence comprehension. Three behavioral experiments—Iexical decision
task (LDT) in context, translation judgment task (TJT), and self-paced listening (SPL)
task—are reported. The goal of the LDT is to identify the contextual cues that are most
effective for resolving ambiguity by quantifying their relative effects (e.g., facilitation or
inhibition) on word recognition. The TJT provides evidence in favor of phonolexical
ambiguity at word level. The SPL task aims to test how phonolexically ambiguous words
are processed during real-time auditory comprehension, and which contextual
information constrains word identification the most.

Chapter 5 presents electrophysiological (EEG) evidence on processing of
phonolexical ambiguity in morphology. The EEG study capitalizes on the findings from
the behavioral experiments and examines the temporal parameters of morpho-
phonological processing in auditory sentence comprehension by L1 and L2 listeners.

Finally, the last chapter, Chapter 6, synthesizes the empirical findings reported in

this dissertation and discusses their theoretical and practical implications.



2 Spoken word recognition in L1 and L2

2.1L1 spoken word recognition

2.1.1 The role of phonology: Speed and efficiency

Phonology plays a crucial role in spoken word recognition as it determines which
acoustic/phonetic properties of sounds are used in the language to signal lexical and
grammatical distinctions and extracts relevant segmental and suprasegmental information
from the speech signal to guide such decisions. Language-specific phonological behavior
is largely driven by innate learning programs and is accomplished very early in life. As
early as six months of age, infants have already established vowel prototypes (Kuhl,
Williams, Lacerda, Stevens, and Lindblom, 1992) and continue phonological “tuning” to
their native language sounds throughout the first year of life while gradually losing
sensitivity to nonnative sounds and contrasts (Kuhl, 2004; Polka and Werker, 1994;
Werker and Tees, 1984; Werker, 1995; for review, see Aslin, Jusczyk, and Pisoni, 1998).
As infants begin to build a vocabulary and learn word meanings and forms, they add
more phonetic detail to refine their phonological representations of lexical items and
grammatical morphemes. This process is necessitated by the functional need to
differentiate among a growing number of similar-sounding words as well as word forms
(especially in morphologically rich languages) which enter the developing lexicon
(Jusczyk, 1986; Mills, Prat, Zangl, Stager, Neville, and Werker, 2004; Swingley and
Aslin, 2002). Such early phonological specialization and refinement is conceived of as a
necessary mechanism needed to cope with the variability in the speech signal that is due
to allophonic variation and inherent variance, which arise from a number of causes,

including vocal tract differences across speakers, dialectal variation, speech rate,



phonological processes (coarticulation, neutralization, etc.), environmental context and
noise. The developing phonological system has “to learn” to make a distinction between
what is acoustically/phonetically different and phonologically different on the one hand,
and between what is acoustically/phonetically different but phonologically irrelevant, on
the other.

Another demand imposed on the phonological system concerns the need to
interpret as much of the incoming auditory information as possible and as quickly as
possible (even in non-optimal conditions), because speech unfolds in real time, and one
cannot go back in time to the part of the utterance that was not well-heard when the
utterance has already been uttered. Thus, the phonological system “learns” to act fast and
use numerous acoustic-phonetic cues to the identity of sounds that are relevant for
meaning distinction. Indeed, electrophysiological studies demonstrate that phonemic
categorization happens very early in speech processing—about 100 to 280 ms after
stimulus onset (Dehaene-Lambertz, 1997; Naitinen et al., 1997). At this stage, all of the
irrelevant phonetic details are ignored (i.e., they are not included in the final outcome of
the phonological analysis) while functionally significant information used to encode
meaning contrasts is preserved (Dehaene-Lambertz, Dupoux, and Gout, 2000; Kazanina,
Phillips, and Idsardi, 2006). Importantly, the brain’s response (e.g., in the form of
mismatch negativity) to a change in the phonemic status of a sound can be elicited in the
absence of the subject’s attention (Né&itidnen, 1995), which indicates an obligatory,
effortless and automatic nature of phonemic categorization as far as the native language

1s concerned.



Such properties of the phonological system are critical for successful word
recognition. When sound hits the ear and enters the auditory system, relevant acoustic-
phonetic information is extracted and is mapped onto corresponding phonological
representations in the brain. While the units of phonological representations (phonetic
segments, phonemes, distinctive features, syllables, spectral templates, or component
articulatory gestures) are still widely debated, most influential models of spoken word
recognition agree that the phonological information acts as a sort of activation code to the
mental lexicon (Logogen model by Morton (1969); Lexical Access from Spectra (LAFS)
by Klatt (1979); TRACE model by McClelland and Elman (1986), and Elman (1989); the
Cohort model by Marslen-Wilson (1987); Shortlist by Norris (1994), and Norris,
McQueen, Cutler, and Butterfield, (1997),]; the Distributed Cohort Model (DCM) by
Gaskell and Marslen-Wilson (1997); ARTWORD by Grossberg and Myers (2000);
PARSYN by Luce, Goldinger, Auer, and Vitevitch. (2000)). Using the metaphor of
Altmann (1997), “a sequence of sounds is much like the combination to a safe; the
tumblers in a combination lock fall into place as the correct sequence of rotations is
performed” (p. 71). Similarly, lexical representations in the lexicon are activated on the
basis of sequences of sounds unfolding in time. It is generally agreed that in the process
of matching up the auditory input with the lexical representations, not just one, but
multiple candidates get activated in the lexicon and start competing with each other for
final selection. This notion of multiple access and competition of lexical candidates is the
central component of connectionist models, such as TRACE, and models in the Cohort
tradition. What is most crucial for the connectionist models is the total amount of

phonological overlap between the input and the target lexical representation relative to



the overlap with other candidates. Thus, for example, the input /blels/ will be recognized
as a token of placebecause there is a high degree of overlap between /blels/ and /plels/
(they are said to be phonological neighbors), and because there is no existing word blace
and no other close competitor. In contrast, the Cohort model (Marslen-Wilson, 1987,
1989; Marslen-Wilson, Moss, and van Halen, 1996; Marslen-Wilson and Zwitserlood,
1989) makes strong claims about directionality and sequentiality of the lexical selection
process, arguing that the phonological information contained at the beginning of a word
defines the cohort of word candidates. For example, hearing /ra!/ will activate all the
words in the listener’s mental lexicon that share this onset sequence, such as rye, rice,
right, ripe, rhymeetc. This initial pool of activated word candidates constitutes the initial
word cohort. As more of the word is heard, the size of the cohort is reduced until there
remains only one candidate that still matches the sensory input. On hearing /ralt/, for
example, the lexical processor will choose the word right as the best-fitting candidate
among all the activated candidates (it is the only word that passes the “goodness of fit”
criterion). This fit reflects the quality and the quantity of the match between the sensory
input and the lexical form representation (Frauenfelder, Scholten, and Content, 2001). A
critical factor determining when a word can be recognized is, therefore, the point at
which it becomes unique—its uniqueness point (UP). Naturally, the word’s UP is a
function not just of the word itself, but also of the size of the cohort, i.e., the number of
the word’s possible competitors. Thus, many short words do not become unique until the
word offset because they tend to have many competitors, but the UP in longer words can

often happen before the end of the word (Luce, 1986; Tyler, 1984). By the same token,



the word’s UP occurs later in the word if the word is part of an inflectional paradigm (in
highly inflected languages).

Empirical evidence for multiple lexical access and the contingency of lexical
choice comes from cross-modal priming tasks. In a study by Zwitserlood (1989), native
Dutch speakers heard incomplete sequences, such as the string /kap!t/, which can be the
onset of the Dutch words kapitein(“captain”) and kapitaal (“capital”). The sound stopped
at the /t/ in /kap!t/ and the listeners saw a visual probe, which was associatively related to
either captain (e.g., ship) or capital (e.g., money). Reaction times needed to make lexical
decisions about the probes were compared with reaction times to the same probes
embedded in the middle of control words, which were not semantically related. Priming
effects, relative to the control condition, were observed for both ship and moneywhen
they were inserted after the /t/ in /kap!t/. In the case when the probes were presented at
the end of the word, e.g., after /n/ in /kap!te!n/, only the probe related to the target sound
was facilitated (i.e., the word meaning ship in Dutch, but not money. In other words,
both candidates (captain and capital) were activated as long as they were compatible with
the auditory input. Once the auditorily presented word reached its UP, the competitor was
dropped off, or deactivated. Additional evidence in favor of multiple activation of
semantic codes comes from studies examining lexical ambiguity (Onifer and Swinney,
1981; Seidenberg, Tanenhaus, Leiman, and Bienkowski, 1982; Swinney, 1979;
Tanenhaus, Leiman, and Seidenberg, 1979). In very general terms, such studies
demonstrate that different meanings of a polysemous word (e.g., the word bankcan refer
to either the edge of a river or a financial institution) get activated when the listener

encounters a polysemous word in sentence comprehension tasks.



In light of the evidence demonstrating that sensory input “activates” not just one
word, but a whole class of possible lexical candidates, it follows that successful word
recognition should be contingent on the ability of the phonological system to encode and
categorize acoustic-phonetic information efficiently and accurately in order to prevent
spurious activation of irrelevant candidates and, thus, overload the lexical system. With
the goal to examine the role of phonological representations in word recognition, some
studies set out to inspect the effect of the phonological mismatch between the auditory
form and the lexical form. Marslen-Wilson and Zwitserlood (1989), for example, showed
that a phonological mismatch of only one phoneme blocks lexical access to the target.
They observed that in a cross-modal priming task, a prime such as honing(which means
“honey” in Dutch) facilitated recognition of the target bij (“bee” in Dutch) whereas
rhyming primes such as woning (means “dwelling”) or foning (a nonword) were
ineffective in priming the target word, although in a study by Connine, Blasko, and
Titone (1993) nonword rhyming primes (such as foning) were found to activate rhyming
targets. Andruski, Blumstein, and Burton (1994) manipulated the voice onset time (VOT)
in the prime’s initial consonant (e.g., reducing the VOT in the voiceless stop /p/ in pear
will make the word sound more like a bear) and observed that responses to targets (e.g.,
fruit) were faster after pear than after an unrelated word (bean and that the priming
effect became smaller as the VOT in the prime’s initial consonant decreased. Moreover,
they also found that lexical decision times to pairs where primes had a voiced-stop
counterpart (e.g., peam bearn were slower than they were to pairs where primes had no

voiced-stop lexical competitor (kingN ging).
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Because of the temporal nature of speech (the “left to right” analysis of the
spoken word), disruptive effects of phonological mismatch are more noticeable in word-
initial than in word-final position. However, even though the mismatching segment can
arrive late in the word, when it does arrive, it can impede word recognition. Using a
fragment priming technique, Soto-Faraco, Sebastidn-Gallés, and Cutler (2001)
demonstrated that fully matching primes facilitate decisions to a target word, whereas
mismatching primes with a mismatch embedded in the middle of the word inhibit
responses. In a similar vein of research, Slowiaczek and Hamburger (1992) and
Hamburger and Slowiaczek (1996) showed that a phonological mismatch at the end of
the word can also interfere with the word recognition processes. Specifically, they
showed that, the greater the initial phonological overlap is between the two words, the
greater interference costs there are for the lexical system. Thus, word-initial phonological
overlap of only one phoneme (e.g., greerNgoal) results in a facilitatory effect on
recognition of the target word, while a 3-phoneme overlap inhibits lexical access (e.g.,
greerN grief). Besides word position, word length appears to matter for the size of the
disruptive effect of the phonological mismatch: it has been shown that it affects
recognition of short words to a greater extent (Gow, 2001) than long words, which can
still be recovered (Connine, Blasko, and Titone, 1993). Another determinant factor in the
size of the phonological mismatch effect on word identity concerns phonetic similarity
between the word’s original sound and the substitute sound (McQueen, 2007): the more
dissimilar the two sounds are (i.e., separated by a larger number of distinctive features, as
in /t—n/ compared to /t—p/), the more disruptive the phonological mismatch effect is for

lexical access (Marslen-Wilson et al., 1996).
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Examining the results of the above studies, one could argue that, if word
recognition had to rely solely on accurate, discrete phonemic information to access
correct lexical candidates, the process would have been impossible because, unlike
printed language, spoken language does not consist of separate, discrete events like letters
on the page. Individual speech sounds like vowels and consonants overlap in their
articulation, and their interpretation is contingent on the interpretation of adjacent sounds.
Let us consider the following example from Altmann (1997). If a native speaker of
English pronounces the phrase ‘a thin bookGn a non-deliberate manner, instead of
articulating the /n/ in thin and closing off the word with the tip of the tongue against the
back of the upper teeth, the speaker might pronounce /m/ instead of /n/, thus assimilating
the word-final sound in thin to the following /b/ sound in the word book so that the
resulting phrase may sound something like ‘a thim boolO Speech is abundant in examples
of similar assimilation (or coarticulation) processes (e.g., vowels influenced by the
voicing of the subsequent consonant, or by its nasality), which are, in essence, a temporal
overlap of the acoustic cues to two distinct phonetic segments (Fowler, 1984; Marslen-
Wilson, 1989; Warren and Marslen-Wilson, 1987; 1988). Gaskell and Marslen-Wilson
(1996) used cross-modal repetition priming to examine the effects of phonological
assimilation on lexical access. In one condition, these changes were characteristic of
natural assimilation processes (e.g., /b/ for /d/ before a subsequent labial sound /p/, as in
‘That was awickib prank}; in another condition the same phonological substitutions
violated assimilation rules (as in ‘That was a wickib ganm@® The activation of the
underlying base word, wicked by the phonologically changed auditory prime, wickib,

was reflected in the time taken to make a lexical decision to the base word, which was
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presented to participants visually at the offset of the prime word. They observed faster
reaction times in the first condition compared to the second, suggesting that phonological
changes in an unviable context for assimilation disrupt lexical access. This argument was
later supported with a phoneme monitoring task (Gaskell and Marslen-Wilson, 1998).
Evidence from studies using cross-spliced stimuli (e.g., switching around the final
consonants in Scoopand scootwhile preserving the initial segment of the words such that
the vowel contains acoustic information consistent with the original word-final
consonant) shows that the phonological system of an adult native speaker can use this
coarticulation information to its advantage as anticipatory cues to the identity of an
upcoming segment: as the listener hears one segment, he will also hear partial cues to the
next sound (Marslen-Wilson, 1989). In auditory lexical decision tasks, identity-spliced
words were responded to more rapidly than were cross-spliced words (McQueen, Norris,
and Cutler, 1999), and cross-spliced words (e.g., Soak were responded to more slowly
than cross-spliced nonwords (e.g., shoal (Streeter and Nigro, 1979; Whalen, 1982,
1983). In speech gating tasks with stimuli contrasting in place of articulation (scoogN
scoo}, manner of articulation (Spoul spousg or voice onset time (IockN log), subjects’
responses started to diverge well before closure of the alignment point. Moreover, spliced
words had later isolation and recognition points than unspliced words (Warren and
Marslen-Wilson, 1987, 1988), suggesting that splicing is more disruptive for anticipatory
cues to word identity because it brings coarticulatory information into potential conflict
with the new incoming phonetic information belonging to a different word. Dahan,
Magnuson, Tanenhaus, and Hogan (2001) conducted a visual-world version of a

subcategorical mismatch study, where participants’ eye movements were monitored as
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they followed spoken instructions to click on a picture of a named referent (e.g., nef.. On
some trials, the referent’s name had been spliced with an existing word, on others—a
nonword. People were found to fixate on the target picture more slowly when the onset of
the target word came from a competitor word (e.g., neck than from a nonword (e.g.,
nep.

The common conclusion about the above studies is that the interfering effect of
cross-splicing on lexical access depends on lexical factors, i.e., whether the target word is
a word or a nonword, and whether its constituents come from words or non-words). This
suggests that subcategorical information (acoustic-phonetic cues resulting from natural
phonological processes) actively participates to the ongoing phonemic categorization
process and, therefore, contributes to lexical selection processes. Although there exist
different accounts of how the phonological system copes with such acoustic-phonetic
variability in the signal, such as tolerance-to-mismatch accounts, underspecification
accounts, and inferential accounts (for review, see Marslen-Wilson, Nix, and Gaskell,
1995; Gow, 2001; Mitterer, Csépe, and Blomert, 2006), it is agreed that the presence of
even a small amount of mismatching information (e.g., violation of a phonological
assimilation rule) can be enough to disrupt word recognition.

Overall, evidence points to an active, dynamic and efficient phonological system
which is established early in life and which is able to integrate various sources of
information—phonetic, featural, segmental and suprasegmental—in a as much detail as
necessary, and deliver this information to the lexical system in an immediate and
continuous manner. Once this information reaches the lexical level, it is used to restrict

the class of possible lexical choices while the word is still unfolding in time. Therefore,
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we can say that the role of phonology in word recognition is to guide and constrain
lexical access and eliminate spurious competition among lexical candidates, thereby

allowing for speed and efficiency of word recognition.

2.1.2 Context effects in L1 spoken word recognition

Understanding natural speech necessarily entails not only attending to low-level,
phonological information but also to higher-level processes (e.g., lexical processes,
syntactic processes, etc.) and their interaction, and therefore engages numerous higher-
order factors which critically mediate the analysis of spoken input (Poeppel, Idsardi, and
van Wassenhove, 2008). The terms ‘bottom-up’ and ‘top-down’ are sometimes used to
distinguish between the processing of information derived from perceptual sources and
information derived from higher-order processing levels, respectively. In bottom-up
processing, low-level units are progressively included into higher-level ones, while in
top-down processing, higher-level units are believed to contribute continuously to the
way in which low-level units are processed. For example, in natural language situations,
there is often some amount of noise present (several people talking, talker differences,
environmental noise, etc.), which can affect the incoming speech signal in the way that
some phonetic features can be degraded or lost. Normally, this should not affect speech
comprehension and communication in healthy, normal-hearing people listening to their
native language. This is because there is much redundancy inherently built in the speech
signal to make communication reliable, and the lexical processor is able to combine the
degraded information from sound segments and the context and to select the word that
represents the best fit, i.e., consistent with both. Because native speakers have robust

phonological decoding/encoding strategies, on the one hand, and effective semantic,
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syntactic, and morphosyntactic processing strategies, on the other hand, this results in
efficient and automatic bottom-up and top-down procedures. Moreover, the speed with
which speech comprehension happens suggests that information from these different
levels of processing must somehow interact, and interact early on and in a fast manner. It
has been proposed that the mental lexicon is the “place” where information derived from
the sensory level is integrated with higher-level contextual (semantic and syntactic)
information (Marslen-Wilson, 1989). While no one disputes the fact that higher-order
contextual information plays a crucial role in recognition of spoken words in a sentence,
there is a greater controversy about the nature and the precise time course of information
integration that exists among psycholinguists. In essence, several approaches are possible
here: a) higher-order properties of speech become available very early in the lexical
selection process and can “assist” the perceptual analysis of the input at the preselection
stage; b) sensory level information receives priority in word identification whereas
higher-order cues become available later on in the process of lexical selection and serve a
function of amplifying the perceptual cues emerging in the signal; and c) bottom-up
analysis of the incoming speech happens incrementally and in parallel with the top-down
analysis, and integration of information coming from both sources occurs as the word
unfolds in time. Different research methodologies and stimulus materials have been used
to support the above claims; that is why findings are not easily generalizable.

The first type of evidence of the higher-order constraints in speech
comprehension comes from studies that investigate the question of whether contextual
processes can exert an influence on phonetic-acoustic analyses. Such studies usually use

acoustically manipulated speech (e.g., masking in noise, phoneme distortion, acoustically
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synthesized stimuli) in order to quantify contextual effects in speech recognition. For
example, Remez, Rubin, Pisoni, and Carrell (1981) used sine-wave speech sentences to
demonstrate how their perceived intelligibility depends on the listener's prior knowledge
of the linguistic content of the sentence. They argued that the “pop-out” effect (when the
sine-wave speech sentence suddenly becomes intelligible) is a top-down process
produced by higher-level knowledge and predictions that the brain is making concerning
the incoming sounds that can potentially be heard as speech. Another example in support
of the direct role of context in spoken word recognition comes from studies using speech
in noise (SPIN) paradigm, where speech intelligibility is evaluated in contextually
constrained and unconstrained sentences with different signal-to-noise ratios (SNRs).
Results from these studies demonstrate that identification of words is more accurate in
contextually constrained sentences than in unconstrained sentences with the same SNR
(Cervera and Gonzalez-Alvarez, 2011; Kalikow, Stevens, and Elliot, 1977). One more
paradigm in which contextual factors were directly demonstrated to override information
derived at a phonetic-phonological level is the phoneme restoration task. Using this task,
Warren (1970) observed that, when a noise replaced a certain phoneme in a word
embedded in a meaningful sentence, listeners were unaware that the phoneme was
missing, and were unable to accurately localize the substituted noise within the sentence.
A more recent study by Liederman, Gilbert, McGraw Fisher, Mathews, Frye, and Joshi
(2010) modified the standard restoration paradigm by masking the initial phoneme in the
target words (which were also minimal pairs, e.g., peasvs. bee$ with 100 milliseconds
of pink noise and embedding them in contextually congruent or incongruent sentences.

Upon the presentation of the sentence, listeners had to indicate which word they heard. It
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was found that, in the case of the contextual information incongruent with the target
word, the listeners reported hearing the word consistent with the sentence interpretation
rather than the target more often (e.g., beeinstead of pea)

Other studies take a somewhat different approach to examining how the context
and the sensory information interact. Rather than overlapping or masking speech sounds
with noise, they manipulate the phonological make-up of the word and observe how
context contributes to resolving such perceptual ambiguity. For example, Miller, Green,
and Schermer (1984), Connine (1987), and Connine, Blasko, and Hall (1991) used a
voicing continuum that ranged from a voiced stop to a voiceless stop (e.g., bath and
path). Each token was embedded in sentence contexts semantically biased toward the
voiced or the voiceless counterpart, as in “She needs hot water for the_Oversus “She
likes to jog along the _”. Using a phoneme labeling technique, it was found that
listeners were more likely to label tokens from the midrange of the voice-voiceless
continua as forming a word consistent with the semantic bias—a finding similar to what
we have seen in the aforementioned studies. Analogous results were also demonstrated
with regard to the syntactic constraints on word identification (Isenberg, Walker, and
Ryder, 1980). A continuum of /t"!#"/ tokens was constructed and embedded in sentences
either before the word go or gold (e.g., “We tried """/go/gold” and O"""/go/gold is
essentidl). Listeners were asked to identify the critical tokens as to or the It was found
that they reported hearing to more often in the go context and hearing the more often in
the gold context, indicating the effect of syntactic category assignment on word
identification in the presence of perceptual ambiguity. Importantly, however,

identification of endpoint stimuli (containing phonologically unambiguous tokens) was
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not systematically influenced by the context in all the above studies. Also of interest is
the fact that consistent responses were not faster than inconsistent responses in the case of
midrange (ambiguous) tokens, but in the case of endpoint (phonetically unambiguous)
tokens, context-consistent responses showed a reaction time advantage compared to
context-inconsistent responses (Connine, 1987). In summary, the reaction time pattern for
the phonetically ambiguous condition suggests that two lexical items should be equally
available and that the semantic context should play a crucial role in the final lexical
decision. At the endpoints of the continua, however, the unambiguous phonetic-
phonological information contained at the word onset forces the lexical processor to
commit to a lexical candidate early on in the process even though the lexical candidate
may be anomalous with respect to the sentence context. In this case, reaction time lag in
the context-inconsistent condition reflects a later, additional analysis (reanalysis) of the
lexical hypothesis, i.e., the context-bias cost.

Because we know (see previous section) that even incomplete auditory input can
activate a whole set of lexical candidates, the question of interest then is whether the
contextual information can help “preselect” the relevant lexical candidates while the
auditory input is still unfolding. The second class of studies we review below asks
exactly this question and relies on methodologies examining the timing of such
integration.

In the previous section, we introduced the definition of the word’s uniqueness
point—the point at which the word can be unambiguously chosen by the lexical system
over a set of the word’s competitors. We also claimed that the larger the number of

competing lexical candidates, the more postponed in time is the word’s UP. Besides the
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cohort size, however, sentential context has also been shown to influence a word’s UP.
Confirming evidence comes from studies showing that words are recognized earlier in
utterance contexts than when the same words appear in isolation (Marslen-Wilson and
Tyler, 1980), suggesting that, with prior context, the correct lexical candidate is chosen
when the sensory input is still ambiguous. For example, in gating tasks (Grosjean, 1980),
in which subjects have to identify a word based on progressive presentation of word
fragments (“gates”), fewer gates are necessary to identify the word correctly in a highly
constraining context as opposed to low constraining context (Craig, Kim, Rhyner, and
Chirillo, 1993; Salasoo and Pisoni, 1985; Tyler, 1984; Tyler and Wessels, 1983; 1985).
This means that information from higher levels of processing (such as semantic,
syntactic, pragmatic) must become available early in the word-recognition process to be
combined with incomplete sensory information in order to narrow in on the target word,
otherwise there would have been no contextual advantage. Additional evidence in favor
of the facilitative role of context on word recognition comes from studies examining
lexical ambiguity resolution. We have already mentioned that multiple meanings of a
polysemous word get activated when the listener hears the word (e.g., hearing the word
bankwill activate meanings related to river or money. If an ambiguous word is presented
in isolation, the only basis for meaning selection is the dominance of the various
meanings (Simpson and Burgess, 1985). Conversely, when an ambiguous word appears
in a sentence context, meaning selection is guided by both meaning frequency and
contextual constraints, with the contextually appropriate meaning of the ambiguous word

activated more strongly than the inappropriate one (Lucas, 1999; Moss and Marslen-
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Wilson, 1993; Rayner, Pacht, and Du, 1994; Tabossi, Colombo, and Job, 1987; Tabossi,
1988; Tabossi and Zardon, 1993).

Proponents of the Cohort model explain these findings from the position of the
“bottom-up priority” principle (Marslen-Wilson and Tyler, 1980; Marslen-Wilson, 1987;
1989). They reject the concept of contextual preselection and claim that the signal is the
primary means by which listeners recover meaning, while context plays a secondary (but
nonetheless strong and rapid) role. They argue that contextual information is not used to
determine which words are considered for recognition, but is used subsequently to
influence later stages of word selection. Sentential information, therefore, has the effect
of strongly amplifying the cues already emerging in the signal so that activation of the
correct lexical candidate is significantly increased, while activation of the competitors is
greatly decreased. The argument is based on several sources of evidence dating back to
Swinney (1979). He was the first one to use a cross-modal associative priming task to
demonstrate that both meanings of an ambiguous word are activated at the offset of that
word regardless of whether the preceding context biased interpretation of the word in one
or the other direction, but that shortly after the presentation of the word, only the
contextually appropriate meaning remains active. Zwitserlood (1989) continued this line
of research and probed different word positions to determine how soon contextual
constraints affect the activation of different word candidates in a cross-modal lexical
decision task. To test this, she presented cross-modal probes that were associatively
related to contextually appropriate and inappropriate words at various positions before
and concurrently with the target word. The results show that at the first two probe

positions—before the target word and at the onset of the target word—there is no
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advantage of context for lexical access: response times to related probes following a
strongly constraining context and an unrelated control context do not differ compared to
unrelated probes. Therefore, responses at these word positions replicate the pattern
previously found for words presented in isolation. It is only at the third probe position
that the context effect starts to emerge, and only in strongly constraining context as
opposed to weakly biasing context condition. At this probe position, the auditory
fragment duration is equal to the word’s UP established in the prior gating task,
suggesting that the auditory signal is already sufficient to differentiate a word from its
competitors. A study by Moss and Marslen-Wilson (1993) casts some doubts on
Zwitserlood’s conclusions. They used a similar paradigm as Zwitserlood, but varied the
nature of the semantic relationship between the visual probe and the preceding auditory
fragment. They found that closely associated target probes (e.g., hen were primed by the
preceding auditory fragment (e.g., chickern even when it was much shorter than the
word’s UP (e.g., chi- instead of chicker) compared to the responses to unrelated words.
More importantly, the effect was context-independent, i.e., it was present even when the
preceding context did not provide any contextual support (e.g., “When she was looking
through the photographs, Tracey found a rather odd one of som®. ¢hicontrast, RTs
to target probes that were less strongly related (e.g., chickenand farm, or chickenand
beak to the auditory prime produced a different pattern. In this case, priming effect
turned out to be context-dependent. For example, only farm showed a RT advantage after
a sentence about places where chickens might be bred, but only beak showed a RT
advantage after a sentence about chickens catching worms at early target positions. Such

findings suggest that, after all, a strongly constraining context plays a more active,
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predictive role in lexical access than simply amplifying the outcome of the bottom-up
analysis at a post-access decision stage.

Electrophysiological evidence also speaks in favor of the more active role of
context in lexical access of spoken words. Several studies have investigated this issue by
manipulating perceptual and contextual information in the sentence so that it either
matched or mismatched, and showed that event-related brain potentials (ERPs) start to
vary even before a word’s UP has been reached depending on the contextual
appropriateness of that word. For example, Van Petten, Coulson, Rubin, Plante, and
Parks (1999) established the UPs for a set of spoken words with the help of the gating
technique and used these words as congruous and incongruous sentence completions in
an ERP study. For example, a constraining sentence “It was a pleasant surprise to find
that the car repair bill was only seventeen ” could end with either a) a cohort
congruous word (e.g., dollars); b) a rhyme incongruous word (e.g., scholarg; c¢) a cohort
incongruous word (e.g., dolphing; or (d) a fully incongruous word (e.g., burden$. The
time course of elicited brain-related potentials time-locked to the words” UPs was then
examined, and it was found that all three incongruous conditions elicited a significantly
larger N400 than the congruous words. However, fully incongruent and rhyme
incongruent words elicited an N400 response about 200 milliseconds before the words’
UPs, whereas the onset of the N400 response to the cohort incongruous words was
delayed by some 200 milliseconds. The results suggested that the onset of the N400
effect reflects the moment at which the acoustic input first diverges from the semantically
defined expectation, which the authors refer to as discrepancy pointTherefore, they

concluded that higher-order semantic processes begin to operate on the partial and
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incomplete results of perceptual analyses without waiting for the completion of the word
identification process. Liu, Shu, and Wei (2006) replicated results of Van Petten and
colleagues with an ERP study on spoken word recognition in Chinese. They also
observed that, relative to the rhyme incongruous condition, the N400 response in the
cohort incongruous condition was delayed by some 200-300 milliseconds. In addition,
they demonstrated that the onset of the N400 diverged earlier in highly constraining
(200-300 ms window) compared to low constraining (300400 ms window) sentences,
and diverged earlier in the maximal onset mismatch and first-syllable mismatch (200-300
ms) than in the minimal onset mismatch (300—400 ms) condition'. Connolly and Phillips
(1994) also observed a divergence in the timing of the brain response to cohort
incongruent versus plain phonologically incongruent but semantically congruent words.
Whereas cohort incongruent words (e.g., luggageinstead of luck in the sentence “The
gambler had sstreak of bad luggage elicited an N400 response, words with an initial
phoneme, different from that of the highest cloze probability word but still semantically
plausible (e.g., gloveinstead of handin “Don caught the ball with his glov®, elicited an
earlier brain response, which the authors termed the phonological mismatch negativity
(PMN) effect (also known as N200). Words that were semantically incongruent and also
had an unexpected initial phoneme given the sentence’s context (e.g., “The dog chasd
our cat up the queé) elicited both N200 and N400. The authors claimed that the N200
response reflects context effects in very early acoustic/phonological processing at the

juncture of the lexical access stage and the earliest point in the lexical selection stage,
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while the N400 amplitude is modulated by semantic expectancy, and is more dependent
on memory, context, and integration processes.

In summary, evidence from electrophysiological studies points to the fact that
listeners start predicting the upcoming word candidates based on sentential constraints
and even wider discourse constraints (Berkum, Zwitserlood, Brown, and Hagoort, 2003)
even before they encounter the word itself. That is why they need less acoustic signal to
realize that an unfolding word is not going to fit the context than they need to identify the
word in isolation based on its uniqueness point. This means that lexical selection process
cannot uniquely depend on the information derived from the sensory input. Instead,
collective evidence reviewed in this chapter seems to suggest that the lexical processor
has to resolve two sets of constraints—sensory and contextual. Sensory constraints
originate at the bottom-up level of processing where the incoming acoustic signal
undergoes acoustic-phonetic analysis and its goodness of fit is evaluated. Contextual
constraints derive from the goodness of fit of the lexical item to the unfolding context or
discourse. Together, these constraints must converge to define a unique intercept—the
best fitting lexical candidate, and the speed and the earliness of such convergence

suggests some sort of functional parallelism in the speech comprehension system.

2.2 L2 spoken word recognition

2.2.1 The role of phonology: Ambiguity and fuzziness

Unlike native speech perception, which is robust, automatic, and efficient even in
non-optimal conditions, L2 speech perception is notoriously problematic even in highly
proficient and experienced L2 listeners. Phonetic segments that are phonologically

contrastive in the L2, but not in the L1, are often miscategorized and misconstrued by L2
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speakers, which leads to inadequate identification of L2 phonemes and renders spoken L2
comprehension difficult (Strange and Shafer, 2008).

Perhaps, the best-known documented evidence in the second language acquisition
(SLA) literature is the difficulty that Japanese listeners experience with the perceptual
discrimination of the English /r/ and /I/ contrast, as in rock versus lock, because these are
perceived as allophonic variants of the same phoneme in Japanese. Although such
difficulty is more pervasive at the beginning stages of language acquisition, advanced,
highly functional Japanese speakers also demonstrate a perceptual deficit (Goto, 1971;
Lively, Logan, and Pisoni, 1993; Lively, Pisoni, Yamada, Tohkura, and Yamada, 1994;
McClelland, Thomas, McCandliss, and Fiez, 1999; Miyawaki, Strange, Verbrugge,
Liberman, Jenkins, and Fujimura, 1981; Takagi and Mann, 1995).

Another well-described example concerns the perceptual difficulty of the Catalan
/e/-/$/ contrast for Spanish speakers. Unlike Spanish, Catalan has two mid vowels of
different height, one high /e/ and one low /$/, which are used to distinguish between
words, e.g., /te/ “take” and /t$/ “tea.” With a variety of research methods and
experimental paradigms, Spanish speakers were systematically demonstrated to perform
rather poorly on the tasks involving this Catalan contrast compared to the control group
of Catalan-dominant speakers (Bosch, Costa, and Sebastian-Gallés, 2000; Navarra,
Sebastian-Gallés, and Soto-Faraco, 2005; Pallier, Bosch, and Sebastian-Gallés, 1997;
Pallier, Colomé, and Sebastian-Gallés, 2001; Sebastian-Gallés, and Soto-Faraco, 1999;
Sebastian-Gallés, Rodriguez-Fornells, de Diego-Balaguer, and Diaz, 2006). This
evidence is particularly striking because such perceptual discrimination difficulty is

observed even in highly proficient Spanish-dominant Spanish-Catalan bilinguals, who
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received an early and extensive exposure to Catalan and who use both languages in their
everyday life. Similar results were obtained by Lee-Ellis, Idsardi, and Phillips (2009) and
Lukyanchenko and Gor (2011), who reported a degraded sensitivity to certain
phonological contrasts in heritage speakers’ less dominant language.

Existing theories of L2 speech perception attempt to explain L2 listeners’
phonological difficulties by drawing on the idea of cross-linguistic differences and
similarities expressed by Evgeny Polivanov and Lev Shcherba back in late 30-s of the
20th century (Polivanov, 1931; Shcherba, 1939). This view is related to the notion that
the native phonological system which is acquired very early in life acts as a ‘sieve,’
filtering out the phonetic properties in the L2 speech signal that are not relevant for the
L1 system (Polivanov, 1931; Trubetzkoy, 1969). Along these lines, Best’s Perceptual
Assimilation Model (PAM) (Best, 1995), a more recent PAM-L2 model (Best & Tyler,
2007), the Speech Learning Model (Flege, 1993), and the Native Language Magnet
(NLM) Model (Kuhl, 1991) likewise claim that perceived similarity between L1 and L2
sounds impacts the way the new L2 sound is assimilated into the shared phonological
space. According to the NLM model, L1 sounds act as perceptual magnets ‘absorbing’
L2 sounds into the same L1 category so that L2 sounds happen to be ‘caught’ in the
perceptual space of the L1 prototype. The PAM distinguishes different patterns of L2
sound discrimination based on the degree of similarity between L1 and L2 sounds. Thus,
discrimination is the easiest when contrasting L2 segments are assimilated to separate L1
categories (‘two-category pattern’). It deteriorates when the two L2 segments differ in
their perceived L1 category goodness (‘category goodness pattern’). When

phonologically distinctive segments in L2 are perceived as equally good exemplars of a
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single L1 category (‘single category pattern’), discrimination is most difficult (e.g.,
Japanese listeners mapping English /r/ and /l/ or Spanish listeners mapping Catalan /e/
and /$/ onto a single L1 category).

It is important to know how the native phonological system affects perception of
L2 contrasts and to predict relative difficulties in the acquisition of L2 phonology.
However, listeners suffer from the difficulties of sound perception only to the extent that
their word recognition and speech comprehension is affected (Broersma and Cutler,
2011). For example, if the L1 phonological system sometimes prevents accurate L2
perception (e.g., rock versus lock), such lack of phonemic dissociation will, naturally,
have implications for lexical access and retrieval. However, while the representational
aspects of non-native language phonology have been vastly explored in numerous
studies, the impact of the phonological deficit on L2 lexical access has been under-
investigated (Trofimovich, 2008), except for a number of studies reviewed below.

First evidence comes from studies investigating speech perception in balanced
bilinguals. For example, Pallier and colleagues (2001) used a medium-range auditory
repetition-priming paradigm to investigate word recognition by Spanish-dominant and
Catalan-dominant bilinguals in a lexical decision task and found that the Spanish-
dominant listeners, but not the Catalan-dominant listeners, showed a repetition-priming
effect for minimal pairs involving a phonological contrast distinctive in Catalan but not in
Spanish (e.g., /net"/ “granddaughter” vs. /n$t"/ “clean”). The authors concluded that the
Spanish-dominant participants perceived these minimal pairs as homophones, thus
suggesting that phonological ambiguity entailed lexical ambiguity. Using a lexical

decision task, Sebastian-Gallés, Echeverria, and Bosch (2005) demonstrated that the
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Spanish-dominant Spanish-Catalan bilinguals tended to accept nonwords created by
substituting the Catalan /e/-/$/ contrast as words significantly more often than the
Catalan-dominant bilinguals and significantly more often than nonwords with the
substitution of the control vowel contrast, /i/-/u/, which is common in both languages. In
a subsequent study, Sebastian-Gallés and colleagues (2006) corroborated their behavioral
findings with electrophysiological evidence (ERP). They found that Catalan-dominant
bilinguals and Spanish-dominant bilinguals differed in terms of the elicited error-related
negativity (ERN) component, which is normally associated with error detection and
response conflict (Falkenstein, Hoormann, Christ, and Hohnsbein, 2000; Yeung,
Botvinick, and Cohen, 2004). In particular, Catalan-dominant bilinguals showed ERN
differences between their erroneous responses to nonwords and correct responses to
words in the /e/-/$/ condition, whereas Spanish-dominant bilinguals showed no
differences between the two types of responses. In fact, their correct responses to real
words and their incorrect responses to the critical nonwords showed the same degree of
uncertainty. The authors argued that they simply failed to notice errors in the critical
nonwords most of the time.

Similarly to that in bilinguals, phonological difficulties in late L2 learners were
also demonstrated to have consequences for lexical access and retrieval. For example, a
series of experiments examined recognition of L2 English spoken words by L1 Dutch
listeners (Broersma, 2002; 2005; Broersma and Cutler, 2011; and Diaz, Mitterer,
Broersma, and Sebastian-Gallés, 2012). Word recognition was assumed to be contingent
on the listeners’ ability to discriminate between confusable phonemes in the L2. To

illustrate the point in question, Dutch lacks the English /a&/-/$/ vowel distinction, which
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could lead to the word flashbeing interpreted as fleshby Dutch speakers of English. This
is exactly what the findings demonstrated. In auditory lexical decision tasks, Dutch
listeners accepted nonwords (e.g., lemp as real English words (e.g., lamp more often
than English listeners did. In a cross-modal priming task, nonwords extracted from word
or phrase contexts (e.g., lemp from eviL EMPire led to increased activation of
corresponding real words (lamp) for Dutch, but again not for native speakers of English.
This finding is in agreement with the data from balanced bilinguals and supports the idea
that the lack of perceptual discriminability of a particular L2 phonological contrast can
cause ambiguity at the lexical level.

We should add a word of caution here that inability to perceive an L2 phoneme
distinction is not the only source of L2 phonolexical ambiguity in the L2. In a different
study, Broersma and Cutler (2008) showed that although a given L2 contrast may be
present in the L1, it can still lead to lexical confusion. For example, in Dutch, consonants
can be contrasted on the basis of consonant voicing, except for the cases when they occur
in the word final position. It was shown that although Dutch speakers of English can
discriminate voiced/voiceless consonants in English quite accurately, they nevertheless
tend to accept non-words such as groof or flide as real English word counterparts groowe
and flight, and show priming effects from these nonwords to real words in a cross-modal
priming task. Thus, L1 phonotactic constraints seem to be exerting influence on how L2
sounds are perceived.

Importantly, L2 listeners’ lexical-phonological ambiguity is not confined to just
difficulties with discrimination between minimal pairs involving particular L2 phonemic

contrasts. Evidence from eye-tracking studies demonstrates that words that are distinct
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overall, can become temporarily indistinguishable. Thus, hearing pandaactivates pencil
for Dutch listeners (Weber and Cutler, 2004), and rocketactivates locker for Japanese
listeners (Cutler, Weber, and Otake, 2006). The results of the Russian-English translation
priming study (Cook and Gor, 2012) indicate that phonolexical ambiguity can occur even
at a more global level and involve lexical items which differ from each other in more than

one phoneme but share a substantial amount of form-related information (e.g., I"#$%" N

finovast/, “story”—news”). This finding shows that, because L2 lexical access is
compromised by the uncertainty about the form-meaning mappings of the two words with
partially overlapping phonology, the difference between the two lexical items can
become blurry and one word can easily be substituted for another based on the similarity
of the phonological form.

Taken together, evidence from studies of L2 spoken word recognition provides
support for the close interaction of phonology and lexical knowledge at different stages
of the word recognition process, and illustrates the point that phonological ambiguity
created by less precise perception of L2 phonological distinctions can result in lexical
ambiguity. It should be borne in mind, however, that distinguishing phonologically
ambiguous minimal pairs is probably not the greatest challenge L2 listeners face. After
all, there are not so many of them. But having to cope with spurious competition and
overall fuzziness of lexical representations as a result of such phonological ambiguity
will make word recognition much more difficult, time-costly, and less efficient. For
example, when native speakers of English hear the word rock they are able to extract the

correct meaning of the word through mapping each sound segment in the word onto a
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corresponding phoneme and through matching up the resulting phoneme string with the
correct lexical candidate. Thus, robust phonological information can effectively
contribute to the lexical search and narrow down the list of the possible lexical candidates
at early stages of processing (e.g., rock will be selected over lock, mock, rack, robetc.).
Because L2 phonological representations are very often vague, approximate and lack
granularity, this leads to a lot of confusion in the system and fuzziness in bottom-up
activation, which in turn, cause spurious activation of irrelevant lexical candidates. In the
above example, the word rock may not only activate the right candidate rock, but also a
competing word lock, along with the other competitors from their corresponding cohort
sets. So even though the L2 listener knows fewer words than the native listener,
activation of multiple lexical candidates will increase the overall competition over and
above the competition that L1 listeners have to deal with. We have seen that even small
perceptual confusions at the phonological level may lead to the activation of “phantom”
competitors—the words that are not actually present in the speech signal but are similar
to parts of the words that are present (Broersma and Cutler, 2008). In short, a good part of
the notorious difficulty and slowness of L2 speech processing could be due to the
increased competition of lexical candidates, because, admittedly, the more competition
there is and the longer it persists, the more slowly words are recognized (Norris,
McQueen, and Cutler, 1995; Vroomen and De Gelder, 1995). This is not to say that
increased competition due to “low-resolution” phonological representations necessarily
has to disrupt L2 listeners’ speech comprehension. After all, in natural speech situations,

L2 listeners can exploit other cues to meaning resolution, such as prosodic, pragmatic,
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contextual, and even visual and gestural. In the next section, we will review the role of

sentential context in L2 spoken word comprehension.

2.2.2 Context effects in L2 spoken word recognition

Like in the L1, word recognition in the L2 is never solely determined by phoneme
recognition because the auditory signal is weakened and reduced in natural speech
(especially in less formal registers) and can sometimes be contaminated with noise.
However, unlike in the L1, L2 listeners also have to cope with the consequences of
imperfections in phonetic-phonological processing. It is believed that, in the face of
insufficient phonetic information, L2 speakers use the same mechanisms for resolving
uncertainties in speech comprehension as L1 speakers, e.g., using contextual cues. It
should be noted, however, that the role of context has received relatively little attention in
the SLA research. Available evidence points to two opposing views on whether L2
speakers favor bottom-up or top-down strategies in speech comprehension. The first type
of evidence suggests that nonnative speakers appear to be predominantly bottom-up
processors and tend to rely heavily on low-level information, while native speakers use
both bottom-up and top-down processing more interactively. Presumably, L2 speakers
focus too much attention on identifying sounds and words that they have no time or
working memory capacity left for building higher-level units of meaning (Baker, 1985;
Berne, 2004; Block, 1992; Randall, 2007). For example, Hassan (2000) writes that
learners try to understand every word in a listening text in order to make sense of it, but
fail to distinguish the key words that are most important for comprehension. Focusing on
every word, therefore, increases processing costs, which impede the comprehender’s

ability to follow the overall meaning of the text. Vogely (1995) examined L2 learners’

23



performance on listening comprehension and their self-reported use of bottom-up or top-
down listening strategies. She found that the strategies the learners reported using the
least were top-down strategies, that is, their ability to anticipate, guess, and infer meaning
from context. She also found that, as the students’ comprehension began to break down,
they found themselves resorting to bottom-up listening strategies rather than top-down.
Contrary evidence also exists, which indicates that L2 comprehenders do rely on
higher-order information to aid them in compensating for gaps in understanding. Field
(2004) cites a classroom-based study that suggests that L2 learners tend to construct a
schema relating to the topic of a listening text and to use it to guide their processing of
incomplete bottom-up information. The study showed that whenever the learners did not
understand certain words in the text, they tended to replace them in their oral productions
with similar-sounding words that fit their preconstructed schema. For example, in a text
about travel one student substituted the word mapfor matand another one used the word
bridge instead of ledge. Motivated by similar observations, Field conducted an
experiment where he intentionally substituted highly predictable words at the end of
semantically constraining sentences with similar sounding words (e.g., “We arrived at the
airport on time, then wéad to wait two hours for the traihwhere train replaced the
better-fitting plane). The substitute word was always less predictable but nonetheless
acceptable in the context. The learners were asked to write down the last word in each
sentence. He found that the recovery of the original, better-fitting word ranged from 15%
to 62% of the responses, which provided positive evidence for L2 speakers’ reliance on

higher-order, contextual information for meaning resolution.
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Hu (2009) and Hu and Jiang (2011) conducted a series of cross-modal priming
tasks to examine the effect of semantic context on word recognition in Chinese L2
speakers of English. Participants were asked to perform a lexical decision task on
contextually congruent, neutral or incongruent visual targets preceded by auditorily
presented context, e.g., “The girl mailed the letter without a stamp/sticker/storie2
participants demonstrated facilitation in recognition of context-congruent targets
compared to incongruent and neutral targets.

Additional evidence in favor of L2 learners’ use of context comes from studies on
listening to speech in noise (SPIN), in which researchers consistently find that words in
predictable sentence contexts are identified more easily than words spoken in isolation or
embedded in unpredictable sentence contexts in all noise levels (Bradlow and Bent, 2002;
Cutler, Garcia Lecumberri, and Cooke, 2008; Gor and Lukyanchenko, 2012; Kalikow,
Stevens, and Elliott, 1977; Mayo, Florentine, and Buus, 1997). We should bear in mind,
however, that although L2 listeners seem to benefit from sentential context in
identification of words across all noise conditions, they nevertheless show a smaller
contextual advantage compared to native speakers of the language in high noise
conditions (e.g., Gor and Lukyanchenko, 2012).

Context effects in L2 processing have also been reported in studies using
electrophysiological methods. For example, L2 speakers have been systematically shown
to produce an N400 effect in response to semantically incongruent words, although it is
qualitatively and quantitatively different from the N400 response observed in native
speakers both in reading (e.g., Ardal, Donald, Neuter, Muldrew, and Luce, 1990; Moreno

and Kutas, 2005; Ojima, Nakata, and Kakigi, 2005; Proverbio, Cok, and Zani, 2002;
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Weber-Fox, Davis, and Cuadrado, 2003) and in listening (e.g., FitzPatrick and Indefrey,
2007; Hahne, 2001; Hahne and Friederici, 2001; Mueller, Hahne, Fujii, and Friederici,
2005). First, L2 groups usually display a delayed peak latency of the N400 response
(approximately 20-40 ms) as well as its longer extension (about 400 ms longer) compared
to native speakers. Second, the amplitude of the N400 response in L2 speakers is usually
smaller, although not always statistically smaller. A delayed peak of the N400 response
may reflect a slowdown or decrease in efficiency of semantic processing mechanisms and
automatic word identification in the L2, while longer extension of the N400 effect may
be indicative of the information integration costs, i.e., L2 participants take longer to
integrate the word with context than native listeners. This might be the result of their
uncertainty with respect to vocabulary knowledge and use (Hahne, 2001). Additionally, a
tendency of the N400 to peak on the left side of the scalp has been observed in bilinguals
compared to monolinguals, suggesting that different neural generators might be involved
in response to semantic errors in monolinguals and bilinguals. Despite this, most ERP
researchers agree that there are more similarities than differences between L1 and L2
speakers in terms of the underlying mechanisms for lexical-semantic processing (for
review, see Moreno, Rodriguez-Fornell, and Laine, 2008; Mueller, 2005; 2006).

In contrast, studies that investigate integration of morphosyntactic information in
L2 populations provide more controversial evidence. For instance, Hahne (2001) and
Hahne and Friederici (2001) tested L1 Russian and L1 Japanese learners of L2 German
on syntactic and semantic violations in German sentences. Although both L2 groups
exhibited an N400 response to semantic violations, only native speakers of German

showed both an early left anterior negativity (ELAN) and a P600 response for syntactic
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violations involving word category substitutions. Neither L2 group showed an ELAN
response; the P600 was reduced for the Russian learners of German, and was absent in
the Japanese learners of German. Instead, Japanese speakers showed a greater P600 for
the correct sentences compared to the native speakers. Similarly, Weber-Fox and Neville
(1996) also included a syntactic condition (phrase structure, specificity and subjacency
constraint violations) in their ERP study of Chinese-English bilinguals and found a
reduced asymmetry in the early components (ELAN and N400) and an absence of the
P600 effect for some of their bilinguals, although their responses to semantic violations
differed from those by native speakers only quantitatively. It has been suggested that the
lack of early negativity components, such as ELAN and LAN, in L2 speakers as opposed
to native speakers indicates that L2 speakers do not employ the same early, highly
automatic syntactic processing mechanisms as native speakers. The absence of the P600
effect, on the other hand, is indicative of the L2 speakers’ difficulty with late syntactic
repair processes for the syntactically incorrect sentences.

Electrophysiological responses in L2 populations have been shown to be strongly
modulated by L2 speakers’ proficiency and familiarity with the L2 structure (Ardal et al.,
1990; Kutas and Kluender, 1994; Moreno and Kutas, 2005; Weber-Fox and Neville,
1996). For example, Hahne (2001) and Hahne and Friederici (2001) point out that their
Russian participants who participated in the ERP study provided a larger number of
correct grammaticality judgments in the syntactic condition than the Japanese group on
the behavioral measure, perhaps because they had greater language proficiency.
Moreover, while the syntactic structures like those used in the German test sentences

(prepositional phrases) in the study are familiar to native Russian speakers, they do not
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occur in Japanese. More recent studies on L2 morphosyntactic processing provide
corroborating evidence that proficiency plays a crucial role, and that an (E)LAN can be
elicited in non-native speakers provided they are very fluent. In the study by Rossi,
Gugler, Friederici, and Hahne (2006), high-proficiency L2 learners of German and L2
learners of Italian showed the same ERP components as native speakers of those
languages for all syntactic violations. For the word category violation, they displayed
both an early anterior negativity (ELAN) and a late P600. For morphosyntactic
violations, they showed an anterior negativity (LAN) and a P600. In their comprehensive
review of ERP studies on syntactic processing in L2, Steinhauer, White, and Drury
(2008) argue that although absence of (E)LANSs is, indeed, a typical pattern for late L2
learners (in line with Weber-Fox and Neville, 1996; Hahne, 2001; and Hahne and
Friederici, 2001), this pattern holds only for less proficient L2 learners. At low levels of
proficiency, the morphosyntactic violations are not yet recognized as such by L2 learners,
and so the anomalies are perceived as a lexical problem, hence an N400 effect is
observed (Osterhout et al., 2006). With the beginning of grammaticalization and
proceduralization of L2 knowledge, the learner begins to identify the structural nature of
the problem, and attempts to integrate morphosyntactic information with other sources of
information available in the input, which results in a (usually delayed) small P600 in case
of the difficulty of such integration due to syntactic violations. As proficiency increases,
the P600 amplitude also increases and starts to resemble that of native speakers, whereas
at native-like levels of proficiency, L2 speakers display LAN-like components preceding

the P600 component, very similar to native speakers.
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To summarize, research on higher-order processes in L2 listening comprehension
is quite sparse, and available evidence cannot be easily generalized because it comes
from studies with very different research orientation (such as instruction-oriented SLA,
psycholinguistic studies, studies employing cognitive neuroscience methods). In a
nutshell, L2 listeners appear to be relying on the same higher-order processing
mechanisms as do native speakers in listening comprehension, but these mechanisms may
be not very efficient, delayed in time, or present to a varying degree depending on the
learner’s proficiency and the language domain (e.g., syntax or semantics). Thus, while
semantic processing suffers the most from the reduced size of L2 speakers’ lexicon and
weaker semantic associations, syntactic processing seems to be affected by the lack of
grammaticalization and proceduralization of morphosyntactic structures. In any case,
proficiency and experience with the L2 play a critical role in determining the success and
the extent to which L2 speakers will benefit from higher-level information and its

integration with the lower-level information in speech comprehension.
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3 The present study

3.1 Introduction

In Chapter 2, we reviewed evidence demonstrating that the phonological system
of native speakers and that of L2 speakers are drastically different. Native language
phonological behavior is largely driven by innate learning programs and is accomplished
very early in life. It is fast, efficient, automatic, and robust. However, such early L1
phonological specialization has detrimental effects on the subsequent abilities of humans
to learn the sound system of a new language. A wealth of evidence from research on L2
phonological acquisition and perception demonstrates that even highly proficient L2
speakers experience difficulties with L2 sound perception. This is not to say, however,
that L2 speakers are completely “deaf” to certain phonological contrasts, or do not form
L2 phonological representations of difficult contrasts at all (cf. Dupoux, Pallier,
Sebastian-Gallés, and Mehler, 1997; Dupoux, Peperkamp, and Sebastian-Gallés, 2001;
Dupoux, Sebastian-Galles, Navarrete, and Peperkamp, 2008). That would mean a great
simplification of the problem they face. Instead, we believe that L2 speakers’
phonological representations are “fuzzy” and unstable (i.e., lacking detail and
specification) (Cook, 2012; Cutler et al., 2006; Weber and Cutler, 2004). That is why
they demonstrate a great individual variability in perceptual sensitivity under different
tasks and listening conditions: although they may score within the native range on some
perceptual tasks (e.g., categorization tasks), other tasks seem to exert more demands on
the perceptual system (e.g., tasks tapping into processes of lexical access and selection)
(Diaz et al., 2012). L2 speakers may also have a problem with specific instantiations of a

phonological contrast (e.g., in certain word positions) while demonstrating good
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perceptual discriminability of the same contrast in other phonological environment
(Broersma and Cutler, 2008; Lukyanchenko and Gor, 2011). Besides difficulties with
certain phonological contrasts, inefficient interpretation of phonological processes, such
as assimilation, neutralization, reduction, segmentation, etc., may add to the overall
perceptual “fuzziness” and make listening to an L2 a particularly fragile component of
language competence. Even highly functional L2 users who experience little effort with
reading, writing, or speaking acknowledge that auditory comprehension is cognitively

more difficult, less automatic, and is prone to break-downs (Broersma and Cutler, 2011).

3.2 Motivating questions

Because difficulties in L2 auditory comprehension are pervasive but insufficiently
accounted for in the SLA literature, it seems necessary to explain when and under what
circumstances L2 speech comprehension breaks down and how L2 comprehenders
recover from breakdowns. To this end, the following objectives need to be addressed:

1. Identify and describe difficult aspects of L2 phonology, such as
contrastive features;

2. Examine what implications they have for the lexical level (word
recognition);

3. Quantify how and when phonological difficulties are resolved (omate

resolved) athesentence level.

3.3 Phonological feature under examination

Although numerous SLA studies have addressed the question of L2 phonological

acquisition and have described the difficulties that L2 learners face in acquiring L2
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phonologies (see Section 2.2.1 for review), they have focused on a limited number of
phonemic contrasts (/t/-/1/, /&/-/e/, etc.) and language pairings (e.g., L1 Japanese—L2
English, L1 Dutch—L2 English, etc.), with the L2-English being the focal L2-language
in many of these studies. Besides, while some of the L2 phonological difficulties have
been exhaustively described (e.g., the /r/-/I/ confusion for the Japanese speakers of
English), others have been under-examined and many remain unidentified.

The novelty and the main contribution of this dissertation study is that it presents
new experimental data on the acquisition and processing of an L2 phonological feature
rather than an individual phonological contrast. Although the question about
representational primitives has not been uncontroversially resolved, there are linguistic
data indicating that phonological features (e.g., distinctive features, Jakobson, Fant, and
Halle, 1951) are the smallest blocks of language. These features specify a number of
properties of a phoneme, such as place and manner of articulation, voicing, nasality, lip
rounding, etc. From a linguistic point of view, a set of abstract hierarchically organized
features allows the identification of acoustically variable exemplars of natural classes of
speech sounds, and is sufficient to explain the robustness of speech recognition across
different conditions like accent/dialect variation, variability in the rate of speech,
different contexts and levels of environmental noise (Lahiri and Reetz, 2002). Because
phonological features are defined in terms of both articulatory (Halle, 2002) and acoustic
properties (Stevens, 2002), they provide the fundamental link between action
(articulatory, motoric gestures) and perception (auditory patterns).

This dissertation examines a phonological feature of consonantal palatalization

([# soft]) in the Russian language. Russian presents an almost unique case where the
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opposition of hard (unpalatalized) and soft (palatalized) consonants permeates almost the
entire consonantal system and is used contrastively, e.g., +), (“weight”, /vies/—t),-
(“the whole of”, /viesl/)*. Usually, soft consonants are interpreted as the ones having a
secondary articulation (the raising of the middle part of the tongue towards the hard
palate) as compared to the corresponding hard ones. Hard consonants can also have
additional articulation—velarization (or the raising of the tongue towards the roof of the
mouth). In addition, in CV syllables, the feature “flows” at the syllable level as well as at
the segmental level, i.e., the process of consonant-vowel accommodation ‘“smears”
featural information and distributes it over the syllable. While in English the effect of
vowels on consonants is usually greater, the opposite seems to be true for Russian: the
consonants are more stable and independent of the vowels, and it is the vowels that
accommodate themselves to the consonants through coarticulation (Howie, 2001).
Therefore, the most salient cues to the softness of a consonant in a CV syllable in Russian
are mainly contained in the formant transitions of the following vowel (Bondarko, 2005;
Kochetov, 2002)

Several studies have shown that the distinction between hard and soft consonants
in Russian poses perceptual difficulty for English-speaking learners of Russian
(Bondarko, 2005; Diehm, 1998). According to the predictions of the speech perception
models reviewed in Section 2.2.1, such difficulty can be explained by the fact that
English speakers of Russian assimilate Russian hard and soft consonants into a single
category because English does not make such a distinction in consonants (with the

exception of some cases of allophonic palatalization as a result of consonant

ABCD! $*1'1 *;+-$'(1 (+,,+11,." 1 &'1E*1 %)6,%+**1)6! /) 1 F6$%'(1 -)%*)%'%,*1 $%! /1$,$%0G! BHD! $%! *7;+1%-1$;,!
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accommodation to front vowels and the light variant of the English /1/). Such perceptual
difficulty is exacerbated by the fact that the realization of hardness or softness in
consonants does not have one single articulatory or acoustic correlate for all consonants
in Russian; rather, it depends on the properties of every particular consonant, both place

and manner of articulation (Kochetov, 2002).

3.4 Preliminaryevidence

In order to measure the level of L2 perceptual difficulty of the hard/soft
consonantal contrasts and identify which contrasts and which positions present most
difficulty, two AX phonetic discrimination experiments with L2 Russian speakers with
intermediateto advancegroficiency =10 (reported in Lukyanchenko and Gor, 2011)
and advancetb superiorproficiency (n=32) (reported in Chrabaszcz and Gor, in press)
were previously conducte@&xperimental manipulations included the type of consonant,
word position, and phonetic environment.

The results demonstrated a significantly reduced sensitivity to the [+ soft]
consonant contrasts in L2 listeners for word-final positions (relative to the L1 data)
(Figure 1). Moreover, perceptual difficulties were not instantiated equally for all
contrasts; discrimination of an L2 contrast presented a gradient difficulty, which
depended on the phonetic properties of individual consonants (such as placelananner

of articulation) phonetic environment, and word position.
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Figure 1. The results of the two pilot AX discrimination tasks with intermediate (A) and
advanced (B) L2 speakers of Russian.

After we established under what circumstances [+ soft] consonants presented
perceptual difficulty for L2 listeners, we set out to examine whether it affected their word
discrimination in sentences. In our second pilot experiment (reported in Chrabaszcz and
Gor, in press)contextually congruent or incongruent target words differing on the basis
of consonantal hardness/softness were embedded in semantically, syntactically, and

morphologically constraining sentences, e.g., ."/ ,$$#0(1(, 2%3$ *$)&
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*3(#4 | [*3(#4 1" (Mpriibyl/—/bprdibyll) ™ ,%™5(6 , #$1- T7(/ $*$'&™()/ (“We
were told that the train has arrived/*profit to the station with a big delay”). After each
sentence, both congruent and incongruent words (arrived and profit) appeared on the
computer screen, and listeners selected which word they heard in the sentence. The task
therefore tested whether L2 listeners could identify the word correctly based on the
phonological form of the word, even when it was incongruent with the context, or they
were biased by the context to choose the wrong, but contextually appropriate, word. The
results demonstrated that, under the circumstances of unfaithful, unstable phonological
perception, L2 listeners utilized contextual information for meaning disambiguation, but
to a different degree. Morphological and syntactic cues appeared to be more effective
than semantic cues in constraining the choice between two phonolexically ambiguous
words (Figure 2).

While the findings from the pilot experiment provide some new insights into the
problem of phonolexical ambiguity resolution and add to our understanding of which
contextual information is most useable in L2 speech comprehension, they do not tell us
much about the processing underlying such ambiguity resolution and about the temporal
aspects of meaning resolution. Because the interpretation of the accuracy data was based
on inferences from the measures taken at the endpoint of processing (i.e., a button press
after sentence presentation) rather than continuously, it is difficult to reveal the more
dynamic aspects of L2 sentence processing under the given test conditions. It is not
possible to tell from the given data whether contextual effects took place during listening,

or at the stage of word selection. In the latter case, the listener’s word choice may reflect
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post-hoc word identification strategies and post-sentence analysis rather than real-time

contextual bias.
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Figure 2. Context bias effect for the L2 group in the pilot listening discrimination task.

3.5 Research questions

Finer-grained, more implicit, online measures capable of capturing the ongoing
processes of listening behavior are needed to address the issue of how L2 listeners
resolve phonolexical ambiguities in speech comprehension, if they do. Besides
quantifying the relative effects of different types of contextual information on
phonolexical ambiguity resolution, we need to understand how and when bottom-up
information interacts with different types of contextual information to establish an
interpretation of the utterance. Several studies have examined how phonological,
semantic and syntactic information interact in online listening comprehension (e.g.,
Connolly and Phillips, 1994; van den Brink et al., 2001; VanPetten et al., 1999), but those

studies mainly focused on the population of L1 speakers who listened to sentences in
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optimal listening conditions. As we have argued in Section 2, data from native speakers
do not always generalize to populations of L2 speakers because certain aspects of their
processing may be different. For example, L2 learning shows well-attested age and
proficiency effects, while higher-order processing mechanisms in the L2 are slower, less
efficient, less automatic and more cognitively taxing. These constraints might
fundamentally alter or limit the types of information available to L2 speakers during
comprehension. On the other hand, those studies that have looked at the use of contextual
cues in L2 processing, examined them in isolation from each other, focusing on either
syntactic processes or semantic processes, making it very difficult to generalize the
findings across studies and different methodological paradigms.

A primary objective of this dissertation research is to understand how information
gleaned from the phonetic-acoustic level is brought together with that derived from the
larger linguistic context—and in particular, how different kinds of contextual information
(semantic, morphological and syntactic) are processed, both neurally and cognitively, and
how they shape the interpretation of individual words, especially if they are perceptually
ambiguous. In relation to the main research objective, several research questions are
proposed:

RQ 1. Does difficulty with discrimination of phonological contrasts lead to

phonolexical ambiguity in the L2?

RQ 2. What are the consequences of L2 phonolexical ambiguity for auditory

sentence comprehension?

RQ 3. Do L2 listeners utilize contextual information for meaning resolution in

online auditory sentence comprehension?
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RQ 4. Do L2 listeners utilize different kinds of contextual information, such as

semantic, morphological and syntactic, for meaning resolution to the same

degree?

RQ 5. What is the time course of integration of phonological information with

higher-order contextual information in L2?

RQ 6. How does auditory sentence processing compare in L1 and L2 in terms of

the use of contextual information and the temporal aspects of context effects?

Three behavioral studies (Lexical decision task in context, Translation judgment
task, and Self-paced listening task) and one electrophysiological (EEG) study will be
administered to pinpoint the differential effects and the real-time properties of context on
spoken word recognition among L2 Russian speakers in comparison to the native Russian
speakers. The outcome of this work has widespread implications, including elucidating
the separable mechanisms employed by L1 and L2 listeners and identifying the
difficulties that L2 listeners face when processing phonologically ambiguous input.
Importantly, the study has pedagogical implications. It will inform educators about the
contextual cues which are routinely employed or underused by L2 learners, and this
knowledge may promote the development of more effective teaching tools for improving

L2 speech comprehension.
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4 Sentencdevel context effects in L1 and L2 auditory sentence
comprehension: Behavioral evidence on processing of
phonolexi@l ambiguity

4.1 Introduction

We espouse a viewpoint according to which spoken word comprehension
proceeds in several steps: activation, selectionand integration (Marslen-Wilson, 1987).
First, bottom-up phonetic-acoustic information is received incrementally, analyzed and
mapped onto stored representations, activating a set of possible lexical candidates. There
can be many lexical candidates competing for selection, but as the spoken word unfolds
in time, lexical candidates are dropped or become less activated as soon as they no longer
correspond to the unfolding auditory signal. Selection of the intended lexical candidate is
said to take place when only one candidate remains that matches the acoustic signal the
best, i.e., has the highest level of activation compared to other candidates. The selected
word is uniquely characterized by certain phonological, morphological, syntactic and
semantic attributes, which need to be integrated into the ongoing sentential or discourse
context for the comprehender to arrive at the intended interpretation of the utterance.

As a rule, comprehenders make use of all available linguistic cues to build
expectations for particular items or item features; thus, speech comprehension is said to
be anticipatory, or predictive, to allow for the pre-activation of those items or features.
For example, following a sequence of words such as ‘I like my coffeewith cream
and...”” there is a high expectation for a specific lexical item, “sugar”, as well as a
syntactic category of a noun and a morphological template. People are sensitive to the
contextually arising expectations at each word, but there may be a difference in how

different expectations operate. Semantic information is built up incrementally over the
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course of a sentence or an utterance to facilitate word recognition. For example, words
are recognized progressively faster the later they appear in the sentence (Marslen-Wilson
& Tyler, 1980), and the N400 effect is reduced over the course of the sentence (Kutas,
Van Petten, & Besson, 1988; Van Petten & Kutas, 1991). Syntactic context information
also affects word recognition, but its influence seems to be more localized (Gibson,
2006). For example, although word recognition is facilitated by syntactic context, it is
local phrase structure and not global syntactic structure that drives these effects
(MacDonald, Pearlmutter, & Seidenberg, 1994; Marslen-Wilson & Tyler, 1980;
Trueswell, Tanenhaus, & Kello; 1993; Tyler & Warren, 1987).

As we have argued in previous chapters, native speakers have effective semantic,
syntactic and morphological processing strategies. They also have more experience with
the structural properties and distributional patterns of words, phrases, and sentences, as
well as with the socio-cultural context (schema). This allows them to take advantage of
the higher-order information and build linguistic predictions to speed computation of
incoming words through pre-activation and preprocessing as well as to integrate discrete
information derived at different levels of analysis into higher-order structures in a rapid,
continuous manner, even when they have to comprehend speech in non-optimal listening
conditions (i.e., noisy or ambiguous speech input).

With regard to L2 speakers, it has been proposed that they rely on similar
cognitive and cortical mechanisms for speech comprehension, but these mechanisms are
heavily mediated by language proficiency and are often slower, less automatic,
idiosyncratic, and lacking precision even in advanced L2 speakers. Although the

cognitive system mediating the semantic-conceptual level is believed to be common
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across L1 and L2 (Kroll and Stewart, 1994), L2 morphasyntacticknowledgeacquired
after puberty is represented rather differently from that of L1 (Johnson and Newport,
1989). Clahsen and Felser (2006a, 2006b) claim that even though the basic architecture
of the processing system is the same in the L1 and L2, shallow morphosyntactic parsing
predominates in L2 processing. According to their influential shallow structure
hypothesis (SSH), the representations which adult L2 learners compute during processing
contain less morphosyntactic detail than those of child and adult native speakers and lack
complex hierarchical structure and abstract, configurationally determined elements
(Felser, Roberts, Marinis, and Gross, 2003; Papadopoulou and Clahsen, 2003). On this
assumption, L2 grammar does not provide the kind of morphosyntactic information
required to process nonlocal grammatical phenomena in native-like ways.

Support for such view comes from numerous studies on morphosyntactic
acquisition and processing by L2 speakers. For example, longitudinal studies show that
L2 speakers continue to have difficulty in accurately using grammatical morphemes in
spontaneous speech despite an extended period of language exposure and practice (e.g.,
Jia, 2003; Lardiere, 1998). From a psycholinguistic perspective, Jiang (2004; 2007; 2011)
investigated comprehension of morphological agreement by L2 speakers using a self-
paced reading task. Across several experiments, he observed that L2 speakers, unlike L1
speakers, were not sensitive to grammatical violations (e.g., plural —s marking) when a
similar grammatical element was not instantiated in the learners’ L1. Mecartty (2000)
examined the relationship between lexical and grammatical knowledge in L2 listening
comprehension and found that although both grammatical knowledge and lexical

knowledge were significantly correlated with listening comprehension, only lexical
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knowledge explained a significant proportion of the wvariance. Several
electrophysiological studies also provide corroborating evidence that L2 comprehenders
are more sensitive to semantic as opposed to morphosyntactic expectations in sentence
processing. For instance, in Hahne (2001) and Hahne and Friederici (2001), L1 Russian
and L1 Japanese comprehenders of L2 German demonstrated an N400 response to
semantic violations similarly to the native speakers, but neither L2 group showed an
ELAN response, and only Russian group showed a reduced P600 while it was completely
absent in the Japanese group, suggesting difficulty with syntactic processes.

Based on similar evidence, the prevailing view in the SLA literature holds that L2
comprehension relies primarily on semantic and pragmatic heuristics coupled with lexical
semantic information and that morphosyntactic and inflectional information is generally
underused. However, studies that directly compare semantic and morphosyntactic L2
processing within the same experimental set-up are not many, and the picture is far from
being complete. For example, it is not clear whether L2 listeners will benefit from
semantic and morphosyntactic contextual cues to a similar extent to disambiguate the
identity of words during speech comprehension. If they are more sensitive to the lexical-
semantic content of the utterance (as some of the literature suggests), they should be
relying on semantic cues to process phonolexically ambiguous words. If, however, they
pay more attention to morphosyntactic cues, those should prevail in word
disambiguation. Let us consider an example of hypothetical phonolexical ambiguity
created by the confusion between /r/ and /I/ sounds. Such ambiguity may be resolved at
sentence level with the help of lexical-semantic context, in which the word lock, for

example, has a very low cloze probability (1b) in comparison with the word rock (1a).
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(1)  a.Iclimbed a rock for the first time in my life.
b. I climbed a *lock for the first time in my life.
Similarly, syntactic and morphological information can help disambiguate meaning in
phonologically ambiguous contexts, as in (2), where a verb is expected to occur after the
auxiliary didnOg2a), but not an adverb (2b).
(2) a. He didn’t arrive until noon the next day.
b. He didn’t *alive until noon the next day.

Since no previous study has investigated the effects of different types of
contextual information on phonolexical ambiguity resolution within the same
experimental set-up, the present set of studies takes on an exploratory research goal to
examine how different contextual cues (semantic, morphological, and syntactic)

contribute to the identification of phonologically ambiguous words in the L2.

4.2 Experimentl: Lexical decision task in context

The main objective of the lexical decision task (LDT) was to investigate context
effects (semantic, morphological, syntactic) on spoken word recognition in L2 and L1
listeners. These effects were compared in contextually constraining and unconstraining
sentences. For the L2 group, the effects were examined under two conditions: when
lexical access and selection were hypothesized to be i) perceptually unimpaired, or ii)
perceptually impaired due to the difficulty of discrimination of the phonological contrast
involved in meaning differentiation of the two words.

The design of the experiment was based on the assumption that context effects are
incremental and predictive. In contextually constraining sentences, by the time the

listeners encounter the target word, they are expected to have pre-activated lexical
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candidates that are consistent with the context. By the time they hear the first sounds of
the target word, they are expected to verify their lexical hypothesis, deactivate irrelevant
competitors and make a selection in favor of the most desirable candidate. Thus,
constraining context should have a facilitative effect (faster response latencies) on the
recognition of the context-congruent target. If the target word is incongruent with the
listener’s expectations, an inhibitory effect (longer response latencies) will ensue.

For the L2 listeners, the predictions were as follows. If they do not experience
perceptual difficulty with the target words, they were expected—similarly to the L1
listeners—to show a facilitative effect for context-congruent targets and an inhibitory
effect of context-incongruent targets in constraining sentences. Accordingly, error rate
was expected to increase for incongruent targets. On the other hand, if L2 listeners
experience phonolexical ambiguity with the target words, their word recognition latencies

and error rate should not differ for congruent and incongruent targets.

4.2.1 Participants

L1 group included 24 native speakers of Russian (mean age 32, range 23-58; 20
females). Most of them were college graduates, six participants were graduate students,
and one had a doctorate degree. L2 group included 34 American speakers of Russian as a
second language (mean age 29.5, range 21-50; 20 females). Eighteen participants had a
college-level degree, the remaining participants were graduate students or had a graduate
degree. For all of them English was their first and dominant language, while Russian was
their second strongest language (mean age of onset of acquisition was 17.67 years old).

All L2 speakers were screened for the study based on their language proficiency.

Prior to the experiment, they were asked to fill out a language background questionnaire
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about their language learning experience, rate their language proficiency in different
linguistic domains on a scale from 1 (minimum) to 10 (maximum), and complete a 25-
item proficiency cloze test. Their average score on the cloze test was 21.74 out of the
maximum of 25 (Table 1). Twenty-seven out of the 34 participants reported having taken
the ACTFL Oral Proficiency Interview (OPI), a widely recognized language proficiency
test. Eight of these people had received a score of 2+ on the Interagency Language
Roundtable (ILR) scale (Advanced High on the ACTFL scale); sixteen people—a score
of 3 (Superior); three people—a score of 3+ (Superior)’.

Table 1. Linguistic profile of L2 participants in the behavioral experiments.

Mean SD
Age when started learning Russian 17.67 2.79
Length of living in Russia (years) 2.72 2.28
Formal instruction in Russian (years) 6.03 1.56
Self-rated pronunciation 7.15 1.46
Self-rated oral proficiency 7.03 1.09
Self-rated listening proficiency 7.76 1.13
Self-rated reading proficiency 7.56 1.35
Self-rated writing proficiency 6.65 1.45
Self-rated knowledge of grammar 7.24 1.30
Cloze test (Proficiency measure) 21.74 1.80

4.2.2 Design and materials

The stimulus materials consisted of four 240-item sets, which were
counterbalanced across four presentation lists such that no participant saw the same item

more than once. Items in each set were manipulated across several parameters: context
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type (constraining, neutral), condition (semantic, syntactic, morphological), target type
(congruent, confusable, unrelated and nonce targets), and block type (critical, control,
filler).

Context manipulation specified the relationship between the target and the pre-
target carrier sentence, where the carrier sentence could be either contextually
constraining (n=120 per list) or neutral (n=120 per list). In constraining sentences, the
pre-target context created a semantic or a structural bias in favor of a certain expectation
for the sentence-final word (target), e.g., 8)&97:" &%$,%"1 ,%"3("96 :'(;9 (! 7:"<"
(":93"%'$ ,&91,") *41- (“Grandfather took an ancient book from the bookcase and
blew off the dust”), where the target word *41- (“dust”) is semantically highly
predictable. In neutral carrier sentences, no expectations for the target word were created.
They always started with the sentence =)>2", +4 9,147(%) ,1$+$E (“Now you will
hear the word...”) followed by a target, e.g., *41- (“dust”). The neutral sentence,
therefore, served as the baseline against which the effectiveness of contextual constraints
on word recognition was assessed.

Besides creating a semantic contextual bias, carrier sentences could also be
syntactically and morphologically constraining. For example, the target-preceding
context in the following sentence biases the listener’s expectations in favor of a certain
syntactic category, i.c. a verb: ?!+$1'$+"'4> $1&"% ,$$#0(1, 2%%$ ;))3"1 %$1-:$

2%%$*3(#41 (“An excited soldier announced that the general just arrived”), although the

semantic content of the target can potentially vary (e.g., ate, leff etc.). Similarly, target-
preceding context can constrain the target word morphologically, i.e., create an

expectation for a certain morphological form. In the following sentence, @$,1)
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+2)3"7)> ,,$34, A$/" ") B$2)%  ;$+$3(%- (“After the yesterday’s quarrel, Roman

does not want to talk™), an infinitive form and not any other form of the verb is expected”.

As in the syntactic condition, the semantic content of the target word can vary (e.g., to
eat, leavegtc.).

At the stage of the creation of the experimental sentences, a cloze test was
administered, where 18 native speakers of Russian were asked to supply the missing last
words in the test sentences. The sentences were then recalibrated based on the cloze test
score such that the target words in the semantic condition were highly semantically
predictable (M = 72.2%, SD = 28.8), in the morphological condition—highly
morphologically predictable (M = 94.1%, SD = 15.6), but not highly semantically
predictable (M = 19.9%, SD= 17.2), and in the syntactic condition—highly syntactically
predictable (M = 93.4%, SD= 12.4), but not highly semantically predictable (M = 24.3%,
SD=22.7). Overall, out of a total of 120 constraining sentences there were 32 sentences
in each condition (i.e., semantic, syntactic, morphological) per list (the remaining 24
items were fillers, 120-(32*3) = 24).

Target words always occurred in the word-final position and could be either real
Russian words or nonce words. Real words could either constitute a logical and
grammatical ending of a sentence (congruenttargets) or be inconsistent with the
preceding context (incongruent targets). Incongruent targets were of two types,
confusable and unrelated Confusable targets were phonologically similar to the

congruent targets except for the realization of the word-final phoneme. The same words

AR(,.)T70.L ¥+ A¥1)BL 424" $)%4 1+ 06),1:71+(41 &)1:.)()0$-(! $%! 964! 0$5+%! -)%,+:,<! 37,1
&)1;.)*4%, -, $-<13+-"T*+], +4I' (-1 145+ $)%*16)11'-+1,'$%!/) 121" +0)14<! +1+1/+11+6+11)!
&I &) 1) ()0$-(1*8%-+1 . +1,'10+,1/)12%1 $%! | $*1-)%2$,$)% 1'1+1-)%,1%,+21)%! , +1 3*$*1)6! , +!
&)l;.)()0$-'(!6)1&!)%(4<!+808!&#"$%&' IM;+'E JngsJTJL}@!"#"$%& (*;+'E wiLvx=i12=x358l

58



were used as congruent and confusable targets, but the condition in which they occurred
was balanced across the lists. Unrelated targets were also incongruent with the preceding
sentential context but were not phonologically related to the highly predictable, congruent
targets. Nonce words in the experimental conditions were created such that they had an
initial phonological overlap with the congruent and confusable targets and differed only
in the final consonant. For example:

Congruent target: Mike has two siblings, an older brother and a younger

sister
Confusable target: Mike has two siblings, an older brother and a younger

system
Unrelated target: ~ Mike has two siblings, an older brother and a younger

object
Nonce target: Mike has two siblings, an older brother and a younger
sisteb

Congruent, confusable and unrelated targets were balanced according to word
length, lemma and surface frequency as best as possible given the materials design
constraints (see Table 2).

Importantly, because the primary goal of the experiment was to compare the
effects of different contextual constraints on resolution of phonolexical ambiguity in
auditory word recognition, all test items were divided into two matching experimental
blocks—critical and control. An additional, filler, block (n = 48 items) was added to
balance the ratio of words to nonce words. All target words in the filler block were nonce

words that complied with the Russian phonotactic rules and included a root manipulation.

59



Table 2. Materials design and the targets’ properties in the lexical decision task.

- Number of Lemma Surface
~ 8 phonemes frequency frequency
S T Target Translatio
M S type Example n M SD M SD M SD
o Congr "(O* mother 3.5 0.5 668 933 319 526
E Conf "() checkmate 35 05 668 933 319 526
& Unrel  +(, gas 35 05 863 467 259 126
“ Nonce "(- na na na na na na na
_ .o Congr ./0* to take 4.1 1.1 2604 428.6 586 111.9
&2 Conf ./0 brother 41 1.1 2604 4286 58.6 1119
= £ Unrel 012, downward 4.1 1.1 737 69.1 735 69.1
“ Nonce ./(" na na na na na na na
8, Congr +303/2)* to speak 6.2 05 361 690.6 361 128.2
% _ Conf +303/2)  speaks 6.2 05 361 690.6 361 128.2
Jé < Unrel +303/2%  we speak 6.2 05 361 7148 44 71
§ Nonce +303/24 na na na na na na na
o Congr 5/(" temple 3.6 0.5 88 625 254 199
E Conf  5/(6 a snore 36 05 8 625 254 199
& Unrel 738+ debt 36 05 681 283 22 96
“ Nonce 5/(4 na na na na Na na na
= .8 Congr 92/ grease 3.6 0.7 2029 298 356 404
£ 2 Conf 92 lived 3.6 0.7 2029 298 356 404
3 & Unrel A in vain 3.7 0.7 e6l1.1 37.7 61 377
“ Nonce 925 na na na na na na na
§° Congr 8;.2° we love 6.5 1.5 918.1 686.1 21.6 20.3
E = Conf 8;.2<* youlove 6.5 1.5 918.1 686.1 21.6 20.3
£ “ Unrel 8;.2) loves 6.5 1.5 918.1 710.2 206 19.7
= Nonce 8;.24 na na na na na na na

Note: Congr = congruent, Conf = confusable, Unrel = unrelated

In the critical block, the congruent and confusable targets were distinguished on

the basis of the consonant hardness or softness, [+ soft], in the word-final position, e.g.,

"% (“checkmate”, /m=t/y—/"%- (“mother”, /m=t/). The target minimal pairs did not

always share the same orthographic representation; however, they were phonologically

the same phonologically except for the final consonant (e.g., #'1)% (“ballet”, /b="li$t/)—

#$1)%- (“to be sick”, /b=li$t'/)). As has been explained in the previous sections, the [+
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soft] distinction is phonological in the Russian language, i.e., it can change the meaning
of a word. Our earlier study (Lukyanchenko and Gor, 2011) showed that the [+ soft]
contrasts occurring in the word-final position are more difficult for L2 speakers than
those occurring word-initially. That is why all congruent/confusable targets were chosen
in such a way that the meaning of a word could be changed by substituting the hard
consonant at the end of the word with a soft consonant, and vice versa. In the semantic
condition, the [+ soft] consonant contrast distinguished two nouns in the
Nominative/Accusative form: /" % (“checkmate”, /m=t/)—/" %- (“mother”, /m=t/).
Unrelated targets were also nouns in the Nominative/Accusative form. In the syntactic
condition, the phonological distinction marked different parts of speech, e.g., a verb and a
noun, as in #3"% (“brother”, /br=t/)—#3"%- (“to take”, /br:tj/). Unrelated targets also
belonged to a different (and context-incongruent) part of speech, an adverb. In the
morphological condition, two verbal forms were contrasted, a verb infinitive and a 3™
person singular form in the nonpast tense: ;$+$3(% (“speaks”, /g=v=irit/}—;$+$3(%-
(“to speak”, /g=v=hr'it/). The unrelated target was a present tense form in the 2" person
plural, ;$+$3(/ (“we speak”, /g=v=tr'im).

The control block was similar to the critical block in every aspect except that the
congruent and the confusable targets (also minimal pairs) differed on the basis of
phonological contrasts common to both Russian and English and did not pose any
discrimination difficulty for L2 speakers of Russian. As in the critical block, the semantic
condition contrasted nouns in the Nominative/Accusative case: ,9& (“court”, /sut/)—,9*
(“soup”, /sup/) (/t/ and /p/ are both voiceless stops but they are easily differentiated by the

place of articulation in both Russian and English). In the syntactic condition, the minimal
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pairs belonged to different parts of speech, e.g., nouns vs. verbs vs. adverbs. The
morphological condition included a comparison of verbs in the 2™ person plural, 2™
person singular, and 3™ person singular in the present tense. For a full list of items used
in this task, see Appendix A.

All sentences were recorded by a native speaker of Russian using a normal speech
rate. Target words were spliced out of the recorded sentences and pasted into congruent
and incongruent sentences at the end of the sentences such that they did not differ
physically and acoustically across the conditions. There were a total of 144 words and 96
nonwords per each list. In order to ensure that the participants are attending to the pre-
target context, comprehension of the sentences was evaluated with occasional
comprehension questions (n=24) following congruent trials. Eight practice sentences

were added at the beginning for task familiarization.

4.2.3 Procedure

The experiment was delivered with the remote DMDX software (Forster and
Forster, 2003). Participants were randomly assigned to one of the four presentation lists.
Stimuli in each list were presented in a semi-random order such that the sentences from
the same condition did not occur adjacently. The participants were instructed to listen to
the sentences presented through headphones and judge whether the last word (the target)
in the sentences is a real Russian word or not. The target was separated from the rest of
the sentence by a 500 ms interval and was marked by an appearance of a fixation cross on
the screen. Participants were asked to respond as soon as they saw the cross, but not
earlier. After the response, feedback and reaction time latency were briefly displayed on

the screen, after which a new sentence started playing automatically. If participants did
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not respond within 8 seconds, presentation moved on to the next sentence. On some
trials, sentences were followed by Yes/No comprehension questions after the lexical

decision was made. The total duration of the experiment was about 50-60 minutes.

4.2.4 Results

In order to make sure that the participants attended to the pre-target part of the
sentence, their error rate in response to the comprehension questions was analyzed. L1
listeners made 3.4% errors (SE = 0.9%), L2 group made 8.2% errors (SE = 0.9%);
accordingly, the data from all participants were retained for further analyses. Next,
participants’ word recognition performance was examined. It was characterized by two
outcome variables: error rate (ER) and reaction time (RT). All participants’ mean error
rate and reaction time data are presented in Appendix B.

Only RTs to correct responses were included in the RT analysis, which resulted
in a 7% data rejection. RT and ER data were fed into two mixed-design ANOVAs (for
RT and for ER) with language (2 levels: L1 or L2), context (2 levels: constraining or
neutral), block (2 levels: critical or control, filler block was not included in the analysis),
condition (3 levels: semantic, morphological or syntactic), and target (4 levels: congruent,
confusable, unrelated or nonce) as independent variables. All significant effects and
interactions of the ANOVAs are presented in Table 3.

Table 3. ANOVA output for reaction time and error rate data in the lexical decision task.

Reaction time Error rate
Effects and interactions D
f F test p value F test p value
language 1 6.56 <0.05 15.62 <0.001
context 1 15.07 <0.001 144579 <0.001
block 1 4.30 <0.05 26.335  <0.001
condition 2 73.50 <0.0001 74.865  <0.001
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target 3 103.01 <0.0001 113.01  <0.001
language:context 1 0.73 0.39 2.844 0.09
language:block 1 16.74 <0.0001 7.368 <0.01
context:block 1 1.42 0.23 15469  <0.001
language:condition 2 3.47 <0.05 6.667 <0.01
context:condition 2 1.91 0.15 10.052  <0.001
block:condition 2 2.52 0.08 0.679 0.51
language:target 3 7.27 <0.0001 5942 <0.0001
context:target 2 26.35 <0.0001 43.22 <0.0001
block:target 3 2.54 0.05 27.164 <0.0001
condition:target 6 8.25 <0.0001 26.84 <0.0001
language:context:block 1 1.02 0.31 2.419 0.12
language:context:condition 2 0.08 0.93 0.976 0.38
language:block:condition 2 1.61 0.20 0.859 0.42
context:block:condition 2 9.64 <0.0001 1.027 0.36
language:context:target 2 0.10 0.91 0.7 0.50
language:block:target 3 5.89 <0.001 12.893 < 0.0001
context:block:target 2 2.03 0.13 1.454 0.23
language:condition:target 6 0.89 0.50 5.879 <0.0001
context:condition:target 4 1.13 0.34 4391 <0.001
block:condition:target 6 1.91 0.08 6.433  <0.0001
language:context:block:condition 2 726  <0.001 0.074 0.93
language:context:block:target 2 1.32 0.27 0.173 0.84
language:context:condition

‘target 4 1.18 0.32 1.676 0.15
language:block:condition:target 6 0.53 0.78 3.242 <0.001
context:block:condition:target 4 0.52 0.72 0.209 0.93
language:context:block:condition

‘target 4 0.99 0.41 0.688 0.60

Separate ANOVAs were run for the two experimental blocks in order to examine
whether constraining sentential context facilitated word recognition in L1 and L2
listeners. The results of the omnibus F tests together with p and Cvalues are presented in
Table 4. According to our predictions, context should facilitate recognition of congruent
targets in contextually constraining sentences compared to incongruent targets (both
confusable and unrelated) in the L1 group in both critical and control blocks. For the L2

listeners, we predicted a similar pattern of context effects in the control block, but we
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expected to see additional facilitation for incongruent confusable targets in the critical

block. Post-hoc Tukey HSD comparisons support our predictions.

Table 4. Separate ANOVA outputs for reaction time and error rate data for the
constraining condition in the lexical decision task.

ERROR RATE
L1: critical L1: control
Df F test pvalue C F test pvalue C
condition 2 11.440 <0.001 0.020 11.76 <0.001 0.02
target 3 23.082 <0.001 0.057 30.85 <0.001 0.08

condition:target 6 8.355 <0.001 0.042 7.70 <0.001 0.04
Residuals 1140

L2: critical L2: control
Df F test pvalue C F test pvalue C
condition 2 11.77 <0.001 0.01 16.37 <0.001 0.02
target 3 14.35 <0.001 0.03 57.11 <0.001 0.10

condition:target 6 7.56 <0.001 0.03 5.31 <0.001 0.02
Residuals 1620

REACTION
TIME
L1: critical L1: control
Df F test pvalue C F test pvalue C
condition 2 2.56 0.08 0.01 24.89 <0.001 0.05
target 3 15.34 <0.001 0.04 14.45 <0.001 0.04

condition:target 6 3.36 <0.01 0.02 1.35 0.23 0.01
Residuals 1037

L2: critical L2: control
Df F test pvalue C F test pvalue C
condition 2 6.77 <0.01 0.01 9.15 <0.001 0.01
target 3 12.88 <0.001 0.03 20.53 <0.001 0.04
condition:target 6 3.61 <0.01 0.01 1.76 0.104 0.01

Residuals 1490

For the error rate data in the control block, a higher word recognition error rate

was observed for both types of incongruent (confusable and unrelated) targets compared
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to congruent targets for both language groups, especially for the syntactically constrained
sentences (L1: p < 0.001, L2: p < 0.001). Comparisons of response latencies almost
mirror the error rate results. For the L2 group, significantly longer reaction times were
observed when the listeners encountered incongruent targets (confusable and unrelated)
compared to when they had to judge congruent targets (p < 0.001) suggesting an
inhibitory effect. The RT difference between confusable and unrelated targets was not
significant (p = 0.42). L1 group showed inhibition for incongruent targets in the semantic
and syntactic conditions compared to the congruent targets, but no significant RT
difference was observed in the morphological condition. In the critical block, LI
participants made significantly more errors judging incongruent targets (both confusable
and unrelated) compared to congruent targets (p < 0.001), especially in the syntactic
condition. L2 participants showed an overall significant error rate difference between
congruent and unrelated targets (p < 0.001), but not between congruent and confusable
targets (p =0.106). In terms of reaction time, L1 listeners responded significantly more
slowly to confusable and unrelated targets compared to congruent targets (p < 0.001),
suggesting inhibition. The difference between the two types of incongruent targets did
not reach significance (p = 0.44). In conformity with our predictions, L2 listeners did not
show an RT difference between congruent and confusable targets (p = 0.74) across all
context conditions, but showed an inhibition effect for unrelated targets compared to
congruent targets (P < 0.001) in the morphological and the syntactic conditions. Figures 3

and 4 graphically present the ER and RT mean data, respectively.
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Figure 3. Participants’ word recognition error rate in contextually constraining sentences
in (A) critical and (B) control conditions of the lexical decision task.
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Figure 4. Participants’ response latencies to word recognition in contextually constraining

sentences in (A) critical and (B) control conditions of the lexical decision task.

Apart from examining whether constraining sentential context has an effect on

word recognition, one of our main research questions aimed to investigate how different
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kinds of contextual information, such as semantic, morphological and syntactic, are
utilized for meaning resolution, and whether they are utilized to the same degree by L1
and L2 comprehenders. Because ERs and RTs associated with word recognition in a
particular condition (semantic, morphological, or syntactic) may be affected by item-
specific properties (e.g., word frequencies, cloze probabilities) in that condition, it is not
fair to compare mean differences between congruent and incongruent targets in
contextually-constraining sentences across context conditions with the goal to establish
the magnitude of the context effect. Instead, we evaluated context effects against the
neutral condition, which served as a baseline. Context effects were calculated as a
difference in mean RT and ER for the same targets when they occurred in constraining as
opposed to neutral sentences for corresponding conditions. Thus, for each target in the
critical and control condition, three data points were compared: when it occurred within a
neutral carrier sentence, when it occurred with congruent context, and when it occurred
with incongruent context. Figures 5 and 6 graphically present context effects for RTs and
ERs across the two blocks for the two language groups. Positive differences in RTs and
ERs suggest a facilitative role of the context on word recognition; negative RTs and ERs
suggest an inhibitory role of the context. While faster RTs were expected for congruent
targets occurring in constraining relative to neutral sentences (facilitation) across all
conditions and bocks, longer RTs and higher ERs (inhibition) were expected for the

incongruent targets.
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Figure 5. Context effects on word recognition error rate in (A) critical and (B) control
conditions of the lexical decision task.

Note. Context effects are calculated as a difference in mean error rate (ER) between
neutral and constraining sentences for corresponding conditions. Standard errors (SEs)
are calculated as a square root of the sum of squares of SEs of the means to be
compared: Vsel? +!1" I'', Positive ERs suggest a facilitative role of the context on word
recognition; negative ERs suggest an inhibitory role of the context on word recognition.
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Figure 6. Context effects on word recognition time latencies in (A) critical and (B)
control conditions of the lexical decision task.

Note.Context effects are calculated as a difference in mean reaction time (RT) between
neutral and constraining sentences for corresponding conditions. Standard errors (SEs)
are calculated as a square root of the sum of squares of SEs of the means to be
compared!W/!" I'" 1 11" I Positive RTs suggest a facilitative role of the context on word
recognition; negative RTs suggest an inhibitory role of the context on word recognition.

Post-hoc Tukey HSD comparisons carried out for different target types provided

some mixed results. For congruent targets, contextual constraints did not affect accuracy
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of word recognition by L1 or L2 listeners in either the critical or control blocks (ER
differences are around zero in Figure 5). With regard to response latencies, facilitative
context effects were observed in the morphological and syntactic conditions of the critical
block, and the semantic condition of the control block for L1 speakers, and the
morphological condition of the control block for the L2 speakers (Figure 6).

As far as incongruent targets are concerned, both confusable and unrelated words
elicited on average more errors compared to the congruent words in both control and
critical conditions in the L1 group suggesting test-takers’ difficulty of overcoming
incongruency and integrating the target word with the rest of the sentence. The syntactic
condition created the strongest bias effect, particularly for the confusable targets (p <
0.01). L2 group performed similarly to the L1 group in the control condition, showing the
greatest context bias effect for the confusable targets and a pronounced bias effect in the
syntactic condition, but their error rate for the confusable targets was not different in the
critical block.

Reaction time data for the L1 group suggest an inhibitory effect of context on the
recognition of incongruent targets (both confusable and unrelated targets) in the semantic
and syntactic conditions in the critical block and the morphological and syntactic
condition in the control block. L2 group demonstrated an inhibitory effect of context on
recognition of both confusable and unrelated targets across all conditions in the control
block (semantic, p < 0.05; morphological, p < 0.05; and syntactic, p < 0.01). Although
context bias effect was present for confusable (except for the semantic condition) and
unrelated targets in the critical condition, it was diminished compared to the control block

and the L1 group.
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As far as nonce words are concerned, having a nonce word embedded in a
meaningful sentence helped to reject it faster for L1 listeners, as evident by their RT
latencies in the critical and control blocks. L2 listeners recognized nonce words faster in
constraining sentences in the morphological and syntactic conditions in the critical block

and semantic condition in the control block.

4.2.5 Summary of findings

The lexical decision task was designed to examine whether the difficulty with
discrimination of phonological contrasts creates a phonolexical ambiguity for L2
comprehenders; whether they utilize information derived at higher levels of processing
(semantic, morphological, and syntactic) to deal with such ambiguity at sentence level,
and what kind of contextual information has the strongest effect on word recognition. The
L2 participants’ results were interpreted relative to the L1 participants’ behavior.

When error rate and reaction time data for contextually congruent and
incongruent words were examined, L1 speakers demonstrated an overall strong context
effect on word recognition in both critical and control blocks. In other words, when
sentential context constrained expectations for the upcoming word, and these
expectations were not met, L1 comprehenders experienced a temporary disruption in
word recognition. Previous research evidence predominantly suggests that the word
recognition process is most intolerant of segmental mismatch in word-initial than in
word-final positions (e.g., Allopenna, Magnuson, and Tanenhaus, 1998), but we observed
longer reaction times for both the confusable targets (words with the phonological
overlap in the word-initial position) and unrelated targets (words that diverged

phonologically starting from the first phoneme of the word), and these reaction times
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were not significantly different between each other. This suggests that, in spite of the
initial perfect match of a word, the mismatching sound, when it arrives, effectively
disrupts comprehension flow creating a conflict in expectations. Coupled with the finding
that lexical decision latencies on average did not differ between congruent words in
contextually-constraining sentences and the same words in neutral sentences (contrary to
the literature showing that words are recognized earlier in utterance contexts (e.g.,
Marslen-Wilson and Tyler, 1980)), longer reaction times for contextually incongruent
words most likely reflect sentence integration costs at post-lexical stage of processing
rather than at lexical access stage. This means that, by the time the listeners reached the
contextually incongruent word, they have already constructed a semantic and a structural
“template” of what has to come next, and when the incongruent target blocked the
expected interpretation, they had to recover the intended target. Such breakdown in
meaning integration is also reflected in participants’ error rate data. Their task was to
identify words and nonce words correctly, and although the error rate was very low for
contextually congruent words, it increased for incongruent words. This could be due to
the fact that the disruption of sentence processing was so strong, that having to attend to
conflicting cues at the same time (i.e., having to press a “yes” button when the word does
not fit the sentence) resulted in more error.

L2 participants demonstrated a similar pattern of results to the L1 speakers, but
only in the control block. They also reliably showed an inhibition effect for contextually
incongruent words in reaction time and error rate analyses. In line with our predictions,
L2 listeners’ performance was different in the critical block. While their response

latencies were longer and error rate was higher for the unrelated targets in the critical
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block, they did not demonstrate significant differences for confusable targets compared to
congruent targets. This suggests that they treated incongruent targets as congruent
because they did not notice the phonological mismatch and, therefore, did not experience
a disruption in word identification. Thus, L2 speakers’ perceptual difficulty with the
consonantal hardness and softness in Russian has consequences for lexical processing,
creating spurious lexical candidates. This finding means that when L2 listeners have the
necessary phonological representations in place and can differentiate between the target
phonological contrasts easily, they can rely on their bottom-up strategies to extract the
necessary phonological information to guide them to the correct lexical decision. In
contrast, when phonological representations are fuzzy and unclear, L2 comprehenders
have to rely on contextual information to compensate for the lack of perceptual
resolution.

With regard to the question of which type of contextual information exerts the
strongest effect on lexical expectations, our results point out that for both L1 and L2
groups, reaction time and error rate differences between congruent and incongruent
words in constraining sentences on the one hand, and words in neutral sentences on the
other hand, were the greatest in the syntactic condition. Context effects were the weakest
in the morphological condition. We discuss possible explanations of these findings in the

General Discussion section at the end of this chapter.

4.3 Experimen: Translation judgment task

While the findings of the previous experiment provide evidence in favor of
phonolexical ambiguity and the use of contextual constraints for word recognition by L2

comprehenders, we cannot tell based on the lexical decision data whether words in some
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conditions caused more ambiguity than others. That is why a translation judgment task
(TJT) was designed to provide additional information on the degree of ambiguity and
confusability of words in each condition of the lexical decision task. In contrast to the
LDT experiment, in which test-takers were required to decide whether the target word is
a real word or not, the TJT experiment asked them to choose the correct translation of the
target word, providing therefore more precise data about which words create more
confusability. In addition, the TJT examined whether phonolexical ambiguity resulted in
creating spurious lexical candidates and whether L2 speakers accepted nonwords as real

Russian words as a result of such ambiguity.

4.3.1 Participants

The translation judgment task was only administered to L2 speakers. The same L2

participants who took part in the lexical decision task performed this task.

4.3.2 Design and materials

The experimental items were based on the stimuli used in the lexical decision task
described in the previous chapter. They included a total of 144 items equally divided
among the critical, control, and nonce blocks (48 items each). Critical and control items
had to be counterbalanced in order not to expose the participants to the same translations.
Nonce items were kept constant across the lists. This resulted in two 96-item presentation
lists.

Similarly to the LDT, items in the critical and control blocks were phonological
minimal pairs. Based on the relationship between the two members of the minimal pair,

they could either mark a semantic, a syntactic, or a morphological distinction. Words in
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the critical block differed on the basis of consonantal hardness/softness; words in the
control block differed on the basis of a phonological contrast common to both Russian
and English.

Nonce words were of two types. The first type of nonwords (n=24) was created
from real Russian words by replacing a word-final hard consonant with its soft
counterpart, and vice versa. Such replacement resulted in two sets of nonwords, hard-to-
soft, e.g., &+8- (/dvor’/) instead of &+® (/dvor/, «yard»), and soft-to-hard, e.g., &+3
(/dver/) instead of &+B- (/dver’/, «door»), manipulation. The second type of nonce
words, fillers, included Russian phonologically legal pseudowords with a “broken” stem.

All items are provided in Appendix C.

During stimuli presentation, all items were randomized. Each auditorily presented
Russian word or nonce word was followed by four visually presented translation choices:
a correct English translation, an English translation of a minimal pair counterpart, a
distractor, and “not a real word” option. For example, for the target word #3"%
(“brother”), the options were as follows: 1) brother, 2) to take, 3) jar, 4) not a word. The
order of the translation choices was randomized across trials, but “not a word” choice

always appeared in the fourth position.

4.3.3 Procedure

Participants listened to a list of Russian real words and sound strings that sound
like real words but do not exist in the language. Each sound was followed by a 500 ms
interval, after which four translation options were displayed on the computer screen.
Participants were instructed to match the words with their correct English translations by

pressing the corresponding button (1, 2, or 3) and identify all the non-existing words by
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pressing the button 4 (“not a word” response). After each button press, feedback on the
response accuracy was provided. Participants were allowed to take short breaks after each
32 items. Practice items (n=6) were given at the beginning of the experiment for task

familiarization purposes. The total duration of the experiment was 15-20 minutes.

4.3.4 Results

Subjects’ responses were scored as correct (error = 0) if they chose a correct
translation or identified a nonword correctly, and as erroneous (error = 1) if they
incorrectly chose a translation corresponding to the minimal pair counterpart (for words)
or a real word instead of a nonce word (for nonwords condition). Since other types of
errors were negligible, they were not included in the final analysis. Both error rate data
and reaction time data were collected and analyzed. Reaction times were measured from
the appearance of the English translations on the computer screen till the subject’s button
press. They do not reflect real-time processing costs, and therefore should be taken with
caution. Rather, they indicate a relative ease or difficulty of test-takers’ translation
selection at the post-processing stage of a spoken target. Only reaction times to correct
responses were included in the final analysis and subsequently trimmed at 100 ms and
10,000 ms resulting in 0.7% RT data rejection. Words and nonwords were analyzed
separately.

For the analysis of words, two two-way ANOV As (for error rate and reaction time
variables) with the block (2 levels: critical or control) and the condition (3 levels:
semantic, morphological, syntactic) as the within-subjects independent variables were
carried out. Critically, a significant interaction between block and condition for both error

rate and reaction time data was found (error rate: F(2, 1624) = 21.28, p < 0.001, C=
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0.03; reaction time: F(2, 1342) = 3.7, p < 0.05, G = 0.005). There were also main effects
of the block (error rate: F(1, 1624) = 166.98, p < 0.001, C = 0.09; reaction time: F(1,
1342) = 19.53, p < 0.001, G = 0.013) and condition (error rate: F(2, 1624) = 45.04, p <
0.001, G = 0.05; reaction time: F(2, 1342) = 5.01, p < 0.01, G = 0.007). Post-hoc Tukey
HSD tests indicated that L2 listeners chose incorrect translation for the auditory target
significantly more often in the critical block compared to the control block for each of the
corresponding conditions (p < 0.001). Within blocks, error rate was not significantly
different among the three conditions in the control block, but in the critical block,
participants made more errors in the semantic compared to the morphological and the
syntactic conditions (p < 0.01). Participants also took more time to choose the correct
translation for target words in the morphological condition of the critical block compared
to other conditions in the same block and compared to the morphological condition in the

control block (p < 0.01). The results are graphically presented in Figure 7.
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Figure 7. L2 participants’ mean (A) error rate and (B) reaction time for translation of real
words in the translation judgment task.

As far as identification of nonce words is concerned, a one-way ANOVA yielded
a significant main effect of condition (3 levels: hard-to-soft nonwords, soft-to-hard
nonwords, and fillers) for both error rate (F(2, 1607) = 65.89, p < 0.001, C = 0.4) and
reaction time (F(2, 1139) = 27.3, p < 0.001, C = 0.46) analyses. Participants incorrectly
accepted nonce words as real words in about 68% of the cases when nonce words
involved a soft-to-hard consonant manipulation, 44% - when they involved a hard-to-soft
consonant change, and only 1.3% in the filler condition. Participants also took less time
to identify nonce words in the filler condition compared to the other two conditions. All

differences were significant at p < 0.01. The results are graphically presented in Figure 8.
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Figure 8. L2 participants’ mean (A) error rate and (B) reaction times for identification of
nonce words in the translation judgment task.

4.3.5 Summary of findings

The translation judgment task was designed to examine how phonolexical
ambiguity affects L2 speakers’ spoken word comprehension. We observed significant
differences in translation accuracy for the words that presented perceptual difficulty for
L2 listeners versus the words thad diot. L2 listeners incorrectly chose the translation of
the targetOs minimal pair counterpart more frequently when the words differed on the
basis of consonantal hardness/softness. For example, they translated tlsgaverb
(/br=t/, Oto takeO) as ObrotherO confusing it with the "W&(/br=t/, ObrotherO).
Translation accuracy was on average lower for the words in the semantic condition
compared to the morphological and syntactic conditions. Such difference could be the
result of the difference in the items’ lemma frequency: target words in the semantic
condition in both critical and control blocks had on average lower frequency (see Table
2). Notably, translation accuracy of the words in the semantic condition of the critical

block was significantly lower than that of the words in the semantic condition of the
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control block although their lemma accuracy did not differ significantly, suggesting that
L2 listeners’ perceptual difficulty with the Russian hard and soft consonants extended to
the lexical level.

In addition, L2 listeners appeared to accept nonce words that included
substitutions of hard and soft consonants more often than they accepted nonce words in
the filler condition. The acceptance rate for different types of substitutions was not the
same. Nonce words with the consonantal manipulation from soft to hard (as in &+)3
instead of &+)3-, «door») elicited more errors compared to the nonce words with the
hard-to-soft manipulation (as in &+8- instead of &+8B, «yard»). Such difference is also
reflected in the reaction time data, with the soft-to-hard nonce words taking longer to
identify than the hard-to-soft nonce words. The observed differences between the two
types of nonce words are very unlikely to be due to the differences in word frequency of
the corresponding real words because they were closely matched (hard-to-soft: M =
241.49, SD = 325.5; soft-to-hard: M = 243.64, SD = 396.8, according to the Russian

national corpus http://www.ruscorpora.ru/index.html). The observed differences between

the two types of nonce words may suggest that the effect of phonolexical ambiguity is
asymmetric, and that the active category in the hard/soft consonant distinction for the L2
Russian speakers is the hard consonant (cf. Weber and Cutler, 2004). When a listener
hears a nonword which is derived from a real Russian word, he or she has to match it up
with the lexical representation of that word in order to be able to tell if what they hear is a
real word or a made-up word. If what the listeners hear matches the representation of the
word, the decision is made that it is a word; if what the listeners hear does not match any

of the lexical representations stored in the long-term memory, the decision is made that it
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is a not a real word. The fact that soft-to-hard nonce words produced more errors and
longer RTs than the hard-to-soft nonce words may mean that lexical representations for
words with word-final soft consonant are less precise and more ambiguous. L2 speakers
may even categorize a Russian soft consonant as a hard one because when it is
substituted with a hard consonant in a word they frequently do not notice the mismatch.
On the one hand, the observed perceptual asymmetry could be due to the fact that hard
consonants are unmarked while soft consonants are usually interpreted as the ones having
a secondary articulation (the raising of the middle part of the tongue towards the hard
palate). On the other hand, a greater confusion with the soft-to-hard nonce words can also
be due to the fact that, although not completely identical, the native English consonants
are more proximate to the Russian hard consonants than soft consonants.

In summary, the findings of the TJT experiment provide additional evidence in
favor of phonolexical ambiguity, which is routinely experienced by L2 listeners (see also
Broersma and Cutler, 2011; Cook, 2012; Cook and Gor, 2012; Cutler, Weber, and Otake,
2006; Pallier et al., 2001; Sebastian-Gallés et al., 2005; Weber and Cutler, 2004). They
demonstrate that successful spoken word recognition is contingent on the ability of the
phonological system to encode and categorize acoustic-phonetic information efficiently
and accurately, and that phonological ambiguity results in fuzzy, ambiguous lexical
representations potentially creating spurious lexical competition and compromising word
recognition (e.g., L2 listeners accepting nonwords like &+)3created from &+)3- (“door™)

as real Russian words in about 73% of the cases).
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4.4 Experiment 3Seltpaced listening task

The lexical decision task in context and the translation judgment task provided
evidence in favor of phonolexical ambiguity in the L2 and demonstrated that
comprehenders use contextual information for word recognition in online auditory
sentence comprehension. But because data were obtained from the explicit measures
taken at the endpoint of processing (i.e., a button press at the end of the sentence or after
word presentation) rather than continuously, they do not reveal the more dynamic aspects
of spoken word comprehension. To examine the time course of integration of
phonological information with higher-order contextual information under phonologically
ambiguous and unambiguous conditions, a self-paced listening (SPL) task was
administered. This experimental paradigm was introduced by Ferreira, Henderson, Anes,
Weeks, and McFarlane (1996), who first demonstrated that it is sensitive to both lexical
processes and syntactic variables in auditory sentence comprehension. As in the self-
paced reading task, participants are required to press the forward button to proceed to the
next region of the sentence (usually a word, but sometimes a sentence segment) while the
time taken to listen to each sentence region is recorded. SPL task is also described as a
useful technique for studying sentence processing at word level, because listeners’
noticing of word-level violations can be tested. It is assumed that the time needed to
move from one region to another reflects the relative ease or difficulty of processing the
input, and, therefore, the technique can be used to examine the time course of integrative
auditory comprehension.

Similarly to the LDT experiment which we described earlier, the SPL task also

draws on the idea of phonological fuzziness and also makes use of the difficult L2
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contrast of consonantal hardness/softness in L2 Russian. By manipulating the
phonological form of the word in the critical region, we intend to examine the
consequences of the phonological mismatch on sentential integration of phonological
information on the one hand, and semantic, syntactic and morphological information on
the other. The predictions are as follows. If phonological mismatch disrupts the
comprehension flow, L1 listeners are expected to demonstrate reliable differences in
listening times between contextually congruent and incongruent words in the critical
region, and possibly, spillover regions. In contrast, L2 comprehenders are likely to
demonstrate differential processing times for congruent versus incongruent words only in
the phonologically unambiguous condition. Based on the previous literature and the
findings from the LDT and TJT, substitutions of L2 phonologically ambiguous words are
expected to go unnoticed. In addition, L2 listeners should demonstrate an overall slower
sentence processing than L1 listeners across all conditions. The power of contextual
constraints, or context effects, will be calculated as the difference in processing times for

congruent versus incongruent words in the critical region as well as spillover regions.

4.4.1 Participants

The same participants who took part in the lexical decision task participated in the
self-paced listening task. The presentation of the tasks was counterbalanced: half of the
participants performed the self-paced listening task first, the other half performed the

lexical decision task first.
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4.4.2 Design and materials

The main stimulus manipulation involved the type of the target (congruent,
confusable, control) and the type of the context condition (semantic, morphological,
syntactic). Targets were embedded in sentences, which were divided into eight regions. A
region could coincide with a word, or a phrase (sentence segment), and was presented
auditorily one at a time. Target words always occurred in the fifth region of the sentence.
They either fit the preceding sentential context structurally and/or semantically
(congruenttargets) or did not (incongruenttargets). Incongruent targets were of two
types, confusableand control (see Table 5 for an example sentence).

Table 5. An example of a stimulus sentence in the self-paced listening task.

PSR LET ' : /#%o&"#$%§1234&%5& _ !"#f%& 136808 #$%& 123487
034800 || FSWEH)  + H-EFH&F (1 01#S%E’20%1.03 *(#h O0%)'T# 2 40%-0 &5"6%-0 1,5-*7
IHSOHE H( V)%, %-$U0"HS.&(HUI0SLHHY) D0 HSIEY H(S&* SV H(  [-3%14 SHI%  3()#*.6

0346 <mop | HOWEIH"  +H-8IHEY (] 01#8%&.20%/.03 (#% OS)*li 4% 40%-0 &5"6%-0 1,5-*7
: IHSOHE H( VH)%H,  Yo-$U0"HS.&(HUI0SLHHY) Db HSIEY H(S&* SYHTFLEIH 3514  S#I%  3()#*,6
93aguas  |IHSWEHT  +H-&rHEY (] 01#$%&.20%/.03,(#% OS)li 8 40%-0 &5"6%-0 1,5-*7
I"HSOGHE H( )V H)%ol,  Yo-B%"HS.&(HV6/0SLHHYL)* 26" HBI&Y H(S&* SIBLM -3$14 5#/%  3(#*.6

Confusable targets and congruent targets constituted a phonological minimal pair.
They differed on the basis of consonantal hardness/softness in the word-final position,
e.g., I" % (“checkmate”, /m=t/)—/" %- (“mother”, /m=t/). The target minimal pairs did
not always share the same orthography, but they were the same phonologically except for
the final consonant, e.g., #'1)% (“ballet”, /b=Hli$t/)—#$1)%- (“to be sick”, /b=Hli$t/).
Each word in a minimal pair occurred both as a congruent and a confusable target, but
never in the same presentation list. In total, 4 presentation lists with 144 sentences each
were created such that the same listener was never exposed to the same sentence or a
word from the same minimal pair (i.e., a presentation list could contain either “/"% ” or

“I"%- ”, but not both). Control targets were also incongruent with the preceding

RA



sentential context but were not phonologically related to the congruent targets (semantic
and syntactic conditions) or did not pose a perceptual discriminability problem
(morphological condition). Care was taken to match control targets with congruent and
confusable targets in word length and surface frequency (see Table 6), although a limited
number of available phonological minimal pairs meeting the experiment requirements
posed serious design constraints.

Table 6. Stimulus materials design for the self-paced listening task.

Condition Targettype Example Translation Numberof Log surface

phonemes frequency
Mea SD Mea SD
n n
Semantic  Congruent/ " ()*/ mother/ 350 052 099 0.70
Confusable *() checkmate
Control +(, gas 350 053 1.34 031
Syntactic ~ Congruent/ ./()*/ to take/ 413 1.09 121 0.79
Confusable ./() brother
Control 012, downward 4.13 1.13 1.70 042

Morpholo Congruent/ +303/2)*/  to speak/ 6.25 045 128 0.60
gical Confusable +303/2) speaks
Control +303/2"  we speak 6.25 046 0.27 0.60

The second experimental manipulation involved the relationship between the pre-
target context and the target itself. The congruent and confusable targets used in this
experiment were phonological minimal pairs of three different kinds. The first kind
included minimal pairs in which a change in the word-final consonant affected word
meaning without affecting other word properties, as in /" % (“checkmate”, /m=t/)—/" %-
(“mother”, /m=t/), where both members of the minimal pair are singular nouns in the

Nominative/Accusative case. Such minimal pairs were included in the semantic
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condition, where the pre-target sentential context created a semantic bias in favor of one
of the words in the minimal pair. A substitution of one word for another in such a
sentence should, therefore, violate semantic expectations of the listener. Control words
were also singular nouns in the Nominative/Accusative case and also created a semantic
violation.

Minimal pairs could also include words marked by different syntactic properties,
e.g., different parts of speech, as in #3"% (“brother”, /br=t/—#3"%- (“to take”, /br=t/),
where the first word is a noun and the second word is a verb in the infinitive form. Such
minimal pairs were used in the Syntacticcondition, in which a target-preceding context
did not only create semantic expectations, but also biased the listener’s structural
expectations in favor of different syntactic categories (noun vs. verb). Similar to
confusable targets, control targets in this condition also belonged to a different syntactic
category, adverb.

If the two words in the minimal pair constituted different forms of the same word,
the pre-target part of the sentence could constrain the target word morphologically
(morphologicalcondition). For example, an infinitive form of the verb is expected after
another verb in the following sentence, @$&$!3)+")/4> 'e B$2)% ;$+$3(%- *3"+&9
(“The suspect does not want to reveal the truth”). Thus, congruent and confusable targets
in the morphological condition were minimal pairs, in which one word was a verb
infinitive and another one was a 3™ person singular form in the present tense: ;$+$3(%
(“speaks”, /g=v=hrit))—;$+$3(%- (“to speak”, /g=v=hrit/). The control target was a
present tense form in the 2nd person plural, ;$+$3(/ (“we speak”, /g:V:%I‘jim). It also

formed a minimal pair with the critical targets, but the phonological contrast involved in
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its distinction (/t/ vs. /m/) was common to both Russian and English and was not expected
to create perceptual difficulty for L2 listeners. A full list of targets and experimental
sentences is presented in Appendix D.

The critical sentences (n=48) constituted one third of the total number of items in
each presentation list. The remaining items were filler sentences, which were added in
order to 1) make the critical violations less obvious, and 2) balance the number of
incongruent items such that half of the sentences in each list were well-formed, and
another half included semantic, syntactic, or morphological violations. All items were
randomized. Filler items were not included in the analysis.

In addition, comprehension Yes/No questions (presented visually on the computer
screen) were included after congruent sentences (n=72) to ensure that the listeners were
attending to sentence meaning. Eight practice sentences and four questions were
presented at the beginning of the test for task familiarization purposes.

All sentences were recorded by a native speaker of Russian using a normal speech
rate and digitized at a sampling rate of 44 kHz. Each recording was cut into eight
segments using Praat sound editing software (Boersma and Weenink, 2010), and each
segment was saved as a separate sound file. The sound files were stringed together in
such a way that the pre-target segments and the post-target segments were acoustically
identical across different target conditions and the targets themselves did not differ

physically between presentation lists.

4.4.3 Procedure

The experiment was delivered with the DMDX software (Forster and Forster,

2003). Participants were randomly assigned to one of the four presentation lists. The
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participants’ task was to listen to the sentences presented through headphones and to
answer comprehension questions on the computer screen as accurately as possible. They
were asked to press RIGHT CTRL button for the affirmative response to the question,
and LEFT CTRL button for the negative response. Participants were instructed to pace
through the sentence segment by segment at a comfortable speed by pressing the forward
button. The beginning of each sentence was signaled by a short beep sound. Auditory
presentation of each segment was accompanied by a fixation cross (+) on the screen,
which disappeared as soon as the participants pressed the button or after 4 seconds if the
button press timed out. Reaction time was measured from the onset of the presentation of

each sentence segment. The total duration of the experiment was about 45-50 minutes.

4.4.4 Results

First, each participant’s accuracy of responses to comprehension questions was
evaluated. L1 listeners made 3.4% errors (SE= 0.7%), L2 group made 5.9% errors (SE=
0.6%), indicating that both groups attended to sentence meaning.

Second, participants’ listening latencies computed as the time interval between
the onset of the sound and the button press were analyzed. False alarms (reaction times
equaling zero) and timed-out responses (reaction times greater than 4 seconds) were
excluded from the analysis resulting in 0.3% data rejection. The listening latencies are
graphically presented in Figure 9. As apparent from the graph, L2 listeners’ overall
reaction times were slower than those of L1 listeners across all conditions. Importantly,
L1 listeners slowed down when they encountered incongruent targets (both confusable
and control) in the critical region across all context conditions, while L2 listeners only

slowed down when they encountered control targets but not confusable targets.

an



RT, ms

1 (§><\ 1
—~ 54%3 3

= 7

/\N;

N = 3

N/ |

§\<§szz ¥

- NL \§§7S¢é

o NN

L1

L2

T T T T T
target 6 7 8

1 2 3 4

T
1 2 3 4 target 6 7 8

Sentence position

conditions in the self-paced listening task.

In order to account for the observed results statistically, a linear mixed-effects
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Figure 9. Participants’ mean listening latencies (in milliseconds) across all experimental

model was performed using the Ime4 package (Bates and Maechler, 2010) in R statistical
computing software (R Core Team, 2013). The mixed-effects model analysis was chosen

over traditional analysis of variance (ANOVA) because it can account for possible



individual differences among the participants and the variation that may exist in the
stimulus materials. It also allows researchers to perform by-subject (F1) and by-item (F»)
analyses within a single analytic framework.

Because there were no reliable effects at the positions prior to or following the
target region, we concentrated our analysis on the critical region only. Language (2
levels: L1 and L2), condition (3 levels: semantic, morphological, syntactic), and target
type (3 levels: congruent, confusable, control) were entered as fixed effects while
subjects and items were treated as nested random effects with random intercepts. The
best-fitting regression model included all main effects as well as three two-way
interactions (language by condition, language by target, condition by target) and one
three-way interaction (language by condition by target). Table 7 presents the model’s
estimated coefficients for each predictor, their standard errors, the t statistic, and the
associated p values. The intercept (baseline comparison) estimated listening latency for
the congruent target in the semantic condition for the L1 group. The coefficients are
interpreted as the change in the reaction time brought about by the change of a predictor
factor from one level to another. For example, a change of the language variable from L1
to L2 for the semantic condition and the congruent target results in the increase of
reaction time of 134.02 ms.

Table 7. Estimated coefficients from a mixed-effects model for participants’ listening
latencies in the critical region.

Fixed effects Estimate SE t value
(Intercept) 694.87 55.45 12.53*
(language) L2 134.02 69.12 1.94
(condition) Morphological 85.52 46.74 1.83
(condition) Syntactic 65.07 46.65 1.40
(target) Confusable 148.58 40.52 3.67*
(target) Control 123.81 35.03 3.53*
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(language x condition) L2 x Morphological -48.26 52.82 -0.91

(language x condition) L2 x Syntactic -54.73 52.73 -1.04
(language x target) L2 x Confusable -128.06 52.82 -2.43%*
(language x target) L2 x Control -19.65 45.71 -0.43
(condition x target) Morphological x Confusable -77.92 57.23 -1.36
(condition x target) Syntactic x Confusable -25.41 57.16 -0.45
(condition x target) Morphological x Control -32.15 49.54 -0.65
(condition x target) Syntactic x Control 8.43 49.46 0.17

(language x condition x target) L2 x Morphological x 58.30 74.64 0.78
Confusable

(language x condition x target) L2 x Syntactic x -13.57 74.61 -0.18
Confusable

(language x condition x target) L2 x Morphological x 22.58 64.64 0.35
Control

(language x condition x target) L2 x Syntactic x 13.47 64.56 0.21
Control

Random effects Variance SD

Subject 47581 218.1

Item 4339 65.87

Note: t-value = Coefficient/SE, with-vtalues over 2.0 indicating that the coefficient is
significantly different from zero (Gelman & Hill, 2007). Bold indicates coefficients that
are statistically significant, * p < 0.05.

The results of the mixed-effects model yielded an overall significant effect of the
target type for the L1 group: confusable and control targets took significantly longer to
comprehend compared to congruent targets across all context conditions. For the L2
group, response latencies to control targets were longer than to congruent targets but not
statistically different from those demonstrated by the L1 listeners, suggesting that the L2
listeners were sensitive to the violations in the sentences similarly to L1 listeners. The
interaction between language and target was significant for the confusable target (t = -
2.43, SE = 52.82, p < 0.05) in the semantic condition, and the coefficients for the
confusable target in the morphological and syntactic conditions did not differ

significantly from the semantic condition, suggesting that the L2 listeners did not notice
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word substitutions when they involved a perceptually difficult contrast across all context
conditions.

One of the assumptions behind the design of the self-paced listening task was that
participants’ response latencies should reflect the ease or difficulty of sentence
processing. If a certain word presents difficulty for integration into the sentence context,
comprehending it should require more time. Based on this, context bias can be estimated
as a difference in reaction times in listening to context-congruent versus context-
incongruent words: the stronger the context biases the listener’s expectations for the
upcoming word, the more difficult it is going to be to process a word that defies such
expectations and the longer it will take to move onto the next word. To compare context
bias effects, reaction time differences between congruent and incongruent conditions
were calculated. As evident from Table &, L1 listeners demonstrated a context bias effect
in all three context conditions (semantic, morphological, and syntactic) for both types of
incongruent targets (confusable and control), but the context bias effect was greater in the
semantic and the syntactic conditions compared to the morphological condition.
Although it was not statistically significant, L1 participants demonstrated a spillover
effect in the semantic condition suggesting that it took them longer to recover from
semantic inconsistencies. For the L2 group, reaction time differences between congruent
and control targets were the greatest in the syntactic condition, followed by the semantic

condition, and, lastly, by the morphological condition, but only for control targets.
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Table 8. Participants’ mean reaction times in the critical region and mean differences
between congruent and incongruent targets. SE = standard error.

L1 L2
Condition Target Mean SE RT SE Mean SE RT SE
differ differ differ differ
ence  ence ence  ence

Semantic Congruent 693.3  53.4 na na 827  35.6 na na
Confusable 843.5 485 150.1 72.1 848.7 39 218 528
Control 818.7 569 1253 781 9348 362 107.8  50.8
Morpholo Congruent  782.2  56.3 na na 866.4  36.7 na na
gical Confusable 851 514 688 763 866 422 -04 559
Control 872 625 89.8 84.1 961 405 946 547
Syntactic Congruent  759.9  51.5 na na 839.5 36.2 na na
Confusable 883.1 72.8 1232 892 8194 39.7 -20.1 537
Control 892.2 60 1322 79.1 965.6 339 126.1 496

4.4.5 Summary of findings

In online speech processing, comprehenders make use of all linguistics cues (e.g.,
semantic, morphological, syntactic) to build up expectations for upcoming words or word
features. The SPL task was designed to examine the time course of interaction of these
expectations with information derived at the perceptual level, especially when such
information created ambiguity (in case of L2 listeners).

For the most part, the results of the study aligned with the predictions. L1
comprehenders showed reliable differences in listening times between contextually
congruent and incongruent words suggesting difficulty of integrating incongruent words
into the sentential context. Critically, they experienced the same processing difficulty
integrating phonologically similar (confusable) and control (phonologically divergent)
incongruent words across all context conditions. In contrast, L2 comprehenders showed a

significant difference in response times to congruent compared to control targets, but not
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to confusable targets. This finding supports our hypotheses and suggests that although L2
speakers draw on similar (albeit slower) mechanisms during sentence comprehension and
utilize contextual information to actively predict the upcoming auditory input, their vague
and fuzzy phonological representations cause phonolexical ambiguity and prevent
accessing phonological information of words when those are integrated with the rest of
the sentence content, both semantic and structural. Such deficiency makes L2
comprehenders completely dependent on contextual information for meaning resolution
if the words are phonologically ambiguous for them.

In terms of the use of specific contextual information, L1 listeners experienced
the strongest context effects in the syntactic and semantic conditions followed by the
morphological condition. The diminished effect in the morphological condition could be
due to the fact that the phonological mismatch does not also involve a lexical mismatch,
as in the syntactic and semantic conditions, so it should be relatively easier to integrate a
context-incongruent form of the verb in the sentence because its meaning can still be
accessed and a sentence can still be understood (e.g., “They*goesto the gyn every day
instead of “Theygo to the gym every day In contrast, when access to a fitting lexical
item is blocked, as in “Theygo to thetree every day (semantic violation), or “Theygo to
the regularly every day (syntactic violation), listeners need more time to recover from
the comprehension breakdown.

Although L2 listeners processed sentences on average more slowly than L1
listeners and the differences between their response latencies were smaller across all
conditions, they demonstrated a similar pattern of results. In the control target condition,

context effects were the largest in the syntactic condition, followed by the semantic and
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finally morphological condition. For the confusable targets, no statistically meaningful

differences were observed among different context conditions in the L2 group.

4.5 General dscussion

4.5.1 Phonolexical ambiguity

Discrimination of sounds in the L2 can pose perceptual difficulty. This has been
demonstrated numerous times using different sounds, different languages, and different
experimental paradigms. Fewer studies have looked at how such perceptual difficulties
affect spoken word recognition, but those that have, reported contingency of L2
comprehenders’ word recognition on their ability to discriminate between L2 phonemes
(e.g., Broersma, 2002; 2005; Broersma and Cutler, 2011; Diaz et al., 2012; Pallier et al.,
2001; Sebastian-Gallés et al., 2005). Unlike previous studies that investigate individual
phonemic contrasts, the focal point of the present study is the processing of a
phonological feature, namely, consonantal softness in the Russian language. Over a
course of three experiments, we provide evidence that a lack of perceptual
discriminability of words that differ on the basis of such phonological feature causes
ambiguity at the lexical level.

Evidence from the translation judgment task shows that, when asked to choose a
corresponding English translation for an auditorily presented Russian word, L2
participants tended to choose a translation of a similar-sounding word instead of the
target word when the two words were contrasted in consonantal hardness/softness. For
example, #3"%- (/br=t/, “to take”) was translated as a similar-sounding #3"% (/br=t/,
“brother”). They also tended to accept nonwords created by substituting the hard and soft

consonants as real Russian words, suggesting that phonological ambiguity results in
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lexical ambiguity and compromises word recognition. Such results extend the findings of
previous studies. For example, Sebastidan-Gallés and colleagues (2005) reported that
Spanish-Catalan bilinguals accepted nonwords created by manipulating the Catalan /e/-/$/
contrast as words significantly more often than nonwords with a control contrast.
Similarly, Broersma and Cutler (2011) showed that due to a fuzzy distinction between the
English /&/-/$/ vowels, Dutch listeners accept nonwords like lempas real English words
(i.e., lamp) more often than English listeners do. Using a similar translation task, Cook
and Gor (2012) and Cook (2012) observed that L2 learners make the highest proportion
of phonologically-related errors than errors of any other type, and that phonolexical
confusion arises even when the words diverge phonologically in more than one sound
and differ in the number of syllables, e.g., :$,%D3 (“bonfire”, /kas%tjor/)—:",%361E
(“pot”, /kas%trjulja/).

It was also found that the effects of phonolexical ambiguity are asymmetric, with
the feature of consonant hardness being the dominant one. This asymmetry proves that
there is no complete homophony involved. Similar effects have been reported before by
Weber and Cutler (2004), who observed that Dutch L2 speakers of English mapped /a/
and /$/ inputs onto the same category /$/. Such asymmetry carried through to word
recognition in that pan for instance, activated pencil but pendid not activate panda The
observed perceptual asymmetry in our study may have several explanations. First, the
dominance of the hard consonants at the phonological level can be due to the fact that
they are usually thought of as ‘unmarked’ while the soft consonants are interpreted as
‘marked’, according to markedness theory. Second, it is possible that English speakers of

Russian assimilated both hard and soft consonants into the same native category along

OR



the category-goodness assimilation pattern (in accordance with the predictions of the
PAM-L2 model by Best and Tyler, 2007), and that hard consonants are perceived by
English listeners as a more proximate category to the English consonants.

Now, what are the consequences of such phonolexical ambiguity for
comprehension? If words only occurred in isolation, it would have presented an insoluble
problem because of spurious competition among lexical candidates. As a result, lexical
selection would have been hampered because some words would be perceived as similar
sounding. Among the competing candidates, the higher-frequency word or the word that
has more relevance or familiarity for the listener would win over. However, words rarely
occur in isolation. Instead, in natural speech, words are strung together, and the way they
are connected in sentences is mediated by complex semantic, syntactic, and
morphosyntactic relationships among them. That is why recognizing spoken words in
continuous speech entails not only attending to their phonological form, but also
engaging higher-order processes (e.g., lexical processes, syntactic processes,
compositional processes, etc.). The lexical decision task and self-paced listening task
were designed in order to identify instances when contextual constraints work
beneficially to facilitate word recognition and how different types of contextual
information (semantic, syntactic, morphological) can potentially be used by
comprehenders for meaning resolution during online sentence comprehension.

The results from both sentence processing experiments confirmed that L2
comprehenders experience effects of phonolexical ambiguity at sentence level
processing. While L1 listeners exhibited reliable differences in response latencies

between contextually congruent words on the one hand and both types of incongruent
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words on the other hand across all conditions in both experiments, L2 comprehenders
demonstrated differential reaction times only for control words, but not for confusable
words. Because L2 participants did not show any processing costs associated with
contextual integration in the self-paced listening task, or inhibition effects in the lexical
decision task for incongruent confusable words, it means that they treated these words as
congruent with the context without a disruption in comprehension flow (see Figure 9, for
example). This would only be possible if, despite the incompatible phonological

information, they accessed the intended lexical candidates.

Semantics Syntax LEMMA

Morphology | Phonology

Orthography LEXEME

Figure 10. Structure of lexical entries (adapted from Levelt, 1993).

According to some models of organization of lexical storage (e.g., Levelt, 1993),
lexical entries include two components, lemma and lexeme. Lexemes represent structural
specifications of words (morphological, phonological, orthographic) while lemmas
include specifications associated with meaning (semantic and syntactic) (Figure 10).
These components are greatly integrated such tinz¢ a lexical entry is accessed in
memory, all information becomes available. In context of this, our findings suggest that
when L2 listeners do not have the robust phonological representations in place to allow
them to differentiate between the words aadnot rely on the phonological properties of

the word to guide them to the needed lexical candidate, they access and select the
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intended entry through its semantic, syntactic and morphological characteristics.
Therefore, in L2 speech processing, an exaatch between a lexical item and its
phonological properties postulated by the Cohort model is not required. Listeners can
compensate for the lowesolution phonological information by taking advantage of the

information gleaned at the contextual level.

4.5.2 Context effects

When L2 comprehenders have the necessary phonological representations in
place, they can combine phonetic-acoustic information coming from sensory levels of
analysis with contextual information coming from higher-order processes in order to
speed up and facilitate word recognition processes similarly to L1 speakers. By
manipulating phonological information in the lexical decision task and the self-paced
listening task, we examine which types of contextual information exert the strongest
effects on lexical expectations. The results from both experiments point in the same
direction. L2 listeners akin to L1 listeners experience the strongest context effects in the
syntactic and semantic conditions followed by the morphological condition. Such results
seem somewhat at odds with the existing SLA literature, where L2 speakers have been
systematically shown to be more sensitive to semantic rather than syntactic violations
(e.g., Hahne, 2001). We entertain several possible explanations.

It is possible that violation of syntactic expectations exerts the strongest influence
on the parser because syntactic violations necessarily include lexical violations, e.g.,
6pam—opamw (brotherbto take, nourb verb). According to the proposed structure of
the lexical entry (Figure 10), syntactic and semantic properties of words are closely

connected in the lemma component and are associated with word meaning. Thus, when
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listeners encauter a syntactic violation in the sentence, they have to reanalyze both the
syntactic and the semantic properties of the target, which, naturally, should magnify the
context effect compared to only a semantic violation. Following the same logic, context
effects are the smallest in the morphological condition because the phonological
mismatch does not involve a lexical mismatch as in the syntactic and the semantic
conditions. When comprehenders reach a morphologically incongruent word in the
sentence, theyave to recheck their morphological hypotheses while the meaning of the
word remains unaffected, e.gosopums—zoeopum (to speakb speaks). That is why it
should be relatively easy to-evaluate and overwrite the formal properties of the word in
order tointegrate it with the context such that the sentence can still be understood (e.g.,
Qhey go to the gym every dayO as opposed t8/Hdy *goes to the gym every dayO).

Another explanation of the weaker effect of the semantic constraints compared to
the syntactic constraints could be due to the fact that semantic constraints are more
specific while syntactic constraints are more general (e.g., requiring a noun and not a
verb but providing little information about its specific characteristics) (Lee and
Federmeier, 2009). Moreover, syntactic information is generally thought to be
deterministic and definitive (and thus quite constraining) in a way that semantic
information cannot be (Friederici, Pfeifer, and Hahne, 1999; Friederici, 2002). A sentence
beginning with “Mary got soaked to the skin because she forgot. theprovides a
semantically constraining context for the word umbrella but it cannot rule out other
options like raincoat In contrast, the same sentence unambiguously and exhaustively
specifies syntactic structure, i.e., a noun phrase (e.g., umbrella, new umbrella, etc.) that

should follow the determiner. In case of ambiguous information, semantic cues should
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therefore be less effective than syntactic cues for meaning resolution. This is exactly what
Folk and Morris (2003) found. They did not observe ambiguity effects when ambiguity
crossed syntactic categories (e.g., a park—to park), which suggests that syntactic
category information becomes available first and mediates the semantic resolution
process.

It is also possible that contextual constraints operate differently for different
classes of words. In our experiments, word categories of the target lexical items differed
across the three critical conditions. In the semantic condition, we had noun-noun
violations, the morphological condition included only verb-verb violations, and in the
syntactic condition, ambiguities crossed different syntactic categories (e.g., noun-verb).
Studies examining processing distinctions between nouns and verbs have observed
significantly slower naming of verbs than nouns in the native and second languages
(Faroqi!Shah & Waked, 2010; Szekely et al., 2005), dissociations of noun and verb
retrieval in patients with aphasia (e.g., Caramazza & Hillis, 1991; Zingeser & Berndt,
1990), and different degrees of cortical activation for nouns and verbs (Yokoyama et al.,
2006). Such noun!verb dissociation data are interpreted as evidence that lexical
organization in the brain is governed by grammatical class (e.g., Caramazza & Hillis,
1991), with an implication that words within the same grammatical class should compete
for lexical selection more than words belonging to different grammatical categories (Dell,
Oppenheim, & Kittredge, 2008; Levelt, Roelofs, & Meyer, 1999; Pechmann & Zerbst,
2002). Based on these assumptions, participants in the present study may have
experienced more competition and uncertainty in the semantic condition, which included

violations within the same grammatical class. For the same reason, the syntactic
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condition was more effective in constraining word selection because it ruled out between-
class competitors early in sentence comprehension. That is why minimal pairs like /"%
(“stalemate”, /m=t/)—/"%- (“mother”, /m:tj/) could have created more ambiguity than
#3"% (“brother”, /br=t/—#3"%- (“to take”, /br=tl/). The morphological condition also
had ambiguities within the same grammatical class (verbs). However, this condition was
different from the semantic condition in that the phonological contrast marked the

distinction between the two forms of the same verb rather than different verbs.
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5 Sentencdevel context effects in L1 and L2 auditory sentence
comprehension: ERP evidence from disambiguation of
morphological forms

5.1 Introduction

In Chapter 4, we examined behavioral evidence on how context can potentially
help to disambiguate phonolexical ambiguity in the L2 (compared to the L1). However,
speech processing occurs at extremely high rates, and very often, behavioral measures are
unable to provide the desired temporal resolutions. Moreover, it is important to bear in
mind that the absence of differences in behavioral measures does not necessarily mean
that the underlying cognitive processing mechanisms are the same. By the same token,
observed differences in behavioral measures, such as reaction times, are not necessarily
the result of the involvement of different neuronal structures, even if they show
qualitatively different patterns. Neurophysiological measures, such as ERPs, can
complement behavioral measures and add valuable information about the nature and the
time course of speech comprehension.

ERPs are summed post-synaptic electrical potentials of primarily synchronously
activated pyramidal cells in the neocortex that can be triggered by an event, such as a
word. These synaptic currents can be recorded at the scalp by placing electrodes on the
head and amplifying the voltage difference between them (Luck, 2005). ERP is a well-
suited technique for studying speech processing because it provides a temporal resolution
on the order of milliseconds, which allows to observe how the process of interest unfolds
in the short period of time between decoding of the acoustic signal and comprehension of
the utterance such that both early and late processes can be examined. Besides, the

advantage of the ERP measure is that it does not require a behavioral response, which
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makes it an ideal tool to study speech comprehension without confounding it with the
interference from overt decision or response strategies, metalinguistic knowledge, or
working memory. Most importantly, the registration of ERPs allows to tease apart
lexical-semantic from syntactic processes. For example, self-paced listening data can
indicate whether the listener experiences difficulty in one condition versus the other at a
particular point during sentence processing. However, it is hard to tell from the difference
in response times what kind of process caused that difficulty, e.g., whether a delay in RT
is caused by a semantic or a syntactic problem. Using ERP method, it is possible to
identify various components that are related to specific types of processes, which enables
the researcher to draw inferences concerning the types of processes involved and their
relation to one another (Kaan, 2007). The ERP components are typically defined by their
timing, scalp distribution, sensitivity to experimental manipulations, and neural
generators thereby providing useful dependent variables, such as presence/absence of a
component, amplitude (size), timing, and/or the distribution over the scalp, which can
reveal much information about the timing and nature of the neural and cognitive

processes involved (Kutas and Federmeier, 2000).

5.2 Neurophysiological basis of morphological processing

The ERP components that are associated with morphosyntactic processes are
P600 and E(LAN). The P600 component is a positive wave peaking at about 600 ms after
the stimulus onset, usually distributed centro-parietally. This component is referred to as
the P600 and is believed to reflect different aspects of syntactic processing. It has been
repeatedly shown to be sensitive to syntactic violations (Friederici, Pfeifer, and Hahne,

1993; Neville, Nicol, Barss, Forster, and Garrett, 1991; Osterhout and Holcomb, 1992),
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syntactically complex structures (Kaan, Harris, Gibson, and Holcomb, 2000), the degree
to which a syntactic continuation is expected, e.g., words that are ungrammatical
continuations elicit a larger P600 than ones that are grammatical, but non-preferred
(Osterhout, Holcomb, and Swinney, 1994). Thus, it has been interpreted as reflecting
processes of reanalysis and/or syntactic repair (Osterhout et al., 1994) or as a more
general index of the complexity of syntactic integration (Kaan et al., 2000).

Another component which is associated with syntactic domain is LAN. It
represents a negatively going wave, which is primarily picked up at anterior or left
anterior electrodes (hence the name), but its laterality and anterior location are not
consistent across studies. Two types of LAN have been identified based on their timing:
an early LAN (ELAN), typically occurring 100200 ms after the onset of the critical
stimulus, and a later LAN, typically peaking between 300 and 500 ms (i.e., in the same
time window as the N400). LAN has been frequently found for morphosyntactic
violations in the use of tense, number or gender agreement (Coulson, King, and Kutas,
1998; Gunter, Friederici, and Schriefers, 2000; Weyerts, Penke, Dohrn, Clahsen, and
MYnte, 1997) as well as in respemo function words as compared to content words in
grammatical sentences (Brown, Hagoort, and Ter Keurs, 1999; Neville, Mills, and
Lawson, 1992). The ELAN has been associated with rapid first-pass parsing processes
and automatic processing of phrase structure information. It is typically found for word
category or phrase structure violations (e.g., when a passive participle rather than a noun
follows a determiner) (Neville et al., 1991; Friederici et al., 1993). It is worth mentioning
that the dissociation of the LAN and the ELAN components is not that clear-cut because

LAN has also been found for phrase structure violations, and ELAN — for agreement
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violations. Kaan (2007) suggests that it is the same component, but its timing is
influenced by the position of the affix that bears the agreement or word category
information in the sentence: the earlier the parser encounters the information, the sooner
it senses the difficulty and the earlier a LAN is elicited.

Although not of primary relevance for the present experiment, the N400
component at least deserves some brief mentioning. It was first reported by Kutas and
Hillyard (1980), who compared brain responses to visually presented congruent sentences
(“He spread the warm bread with butteand sentences with a semantic anomaly (“He
spread the warm bread withsock$) and found an enhanced negative-going wave
peaking at around 400 ms post-stimulus onset time-locked to the semantically
incongruent word. It typically has a right-central maximum distribution, but it can vary
depending on the presentation mode (visual, auditory) and the nature of the stimuli
(pictures, words). Since early 1980s the N400 component has been widely used as a
dependent measure in studies examining the time course of the semantic aspects of
sentence processing. It is believed to reflect either facilitation of lexical access due to
context priming or pre-activation of the lexical candidate (Kutas and Federmeier, 2000;
Federmeier, 2007), and/or the relative ease or difficulty of integration of the word with
the semantic context (Osterhout & Holcomb, 1992; Hagoort, 2008). What is significant
for the present study is that besides semantic effects, the N400 component has also been
observed in response to morphological and syntactic violations in several studies. Miinte
et al. (1990) observed that a morphosyntactic violation of case marking in German is
highly correlated with a negativity around 400 ms. Friederici and colleagues (1993) also

found that morphological errors elicited a pronounced negativity between 300 and 600

108



ms, but with a smaller amplitude than the “semantic” N400, peaking earlier and merging
into a late positivity around 600 ms. Osterhout and colleagues (2006) compared L1 and
L2 speakers’ processing of morphosyntactic violations and found that while native
speakers produced a P600 effect, L2 speakers demonstrated an N400 effect. Notably, the
N400 effect evoked by morphosyntactic violations did not differ in its distribution from
the N400 effect elicited by the semantically anomalous words in L2 speakers. The
authors argued that at low levels of proficiency, morphosyntactic errors are not yet
recognized as such by L2 learners, and so the anomalies are perceived as a lexical

problem.

5.3 Experiment 4: Evenelated potentials

The present experiment aims to investigate the electrophysiological aspects and
temporal parameters of morpho-phonological processing in auditory sentence
comprehension by L1 and L2 speakers on the example of the Russian language. While
there is a huge amount of ERP literature on the effects of semantic and syntactic
constraints in sentence processing, ERP studies on morphological processing are less
abundant, and the link between morphology and phonology has hardly been explored
except for a handful of studies. For example, Carrasco and Frenck-Mestre (2009),
Frenck-Mestre, Osterhout, McLaughlin, and Foucart (2008), and Frenck-Mestre,
Carrasco, McLaughlin, Osterhout, and Foucart (2010) examined covariation between
phonology and morphology in a series of experiments on gender concord and subject-
verb agreement in written French. These studies found that morphological forms are
processed more readily when overtly realized phonetic cues are present (e.g., Le matin je

*mangez™ . E Oln the morning, | eat’s. EO) compared to when they are absent (e.g.,
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Le matin je *mangs™swg E Oln the morning, | eat’swg ...”) in morphological
violations. The same result has been systematically replicated: L1 speakers of French
showed that compared to grammatically correct instances (e.g., Le matin je mang* s
E OlIn the morning, | eat/siv ...”), morphological violations produced a robust P600
effect, which was significantly larger for the phonologically realized inflectional errors
than for the errors that were silent (i.e., were only marked orthographically), suggesting
that speakers have more solid representations of grammatical morphemes when they are
supported by phonological differences. The effect was also found for L2 speakers from
different language backgrounds, although it was systematically smaller and sometimes
only observed for phonologically realized morphological violations, but not silent errors.
No early negativities were elicited for either native or L2 groups.

The unique focus of the current study is that unlike previous ERP studies on
morpho-phonological processing, it examines the impact of sentential morphological cues
on the prediction of a certain morpho-phonological form. Of interest is a situation where
morphological forms differ on the basis of one phonological segment (e.g., seesN see),
which can be either perceptually ambiguous or not for L2 comprehenders. The special
contribution afforded by the Russian language is twofold. First, Russian has a very rich
morphology, with words organized in highly structured and consistent sets of forms
(paradigms) with inflections carrying grammatical meanings, which allows for the
examination of complex morphological relations among words in sentence context.
Normally, the stem of the word expresses its lexical meaning while the type of inflection
specifies grammatical properties (in nouns—case, number, gender; in verbs—person,

number, tense, etc.). For example, a regularly inflected verb like $%+)%(% (“to
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answer”, /=tv'et'it'/) can be decomposed into two transparent morphemic constituents: the
stem $%+)%¢, which encodes the content of the verb “‘to answer’’ (i.e., its meaning and
grammatical category), and the inflection -%-, which denotes the inflectional feature
[+infinitive]. Thus, due to the formative properties of morphological processes, manifold
comparisons of different word forms within a paradigm can be made (e.g., $%+)%0-D
$%+)%(7- EB%+)%E5%+)%( , etc.).

Second, Russian possesses a phonological feature of consonantal
hardness/softness that is quite conveniently involved in the generation and the
juxtaposition of certain morphological forms. For example, note the %%- (/t/DtV/)
distinction in the word-final position in $%+)%Qa-uturesrasinc(“will answer”, /=tvietlit)
versus $%+)%00-nk (“to answer”, /=tvietlitl/): the phonological contrast between the two
minimal pairs also marks the morphological distinction between the two verbal forms (for
a brief overview of the target feature, see Section 3.3). Because the phonological contrast
between hard and soft consonants in word-final position presents a perceptual difficulty
for English-speaking learners of Russian (Bondarko, 2005; Diehm, 1998; Lukyanchenko
and Gor, 2011), this allows researchers to test for the phonolexical ambiguity at the level
of morphological processing.

Overall, the above-outlined properties of the Russian language offer an optimal
case for examining how and when low-level phonological details interact with higher-
order contextual information (such as morphosyntactic agreement), both in L1 and L2
speech comprehension. The main goal of this experiment is to examine what kind of
brain response (ERP component) is evoked by morpho-phonological violations and what

the time course of the integration of phonological and morphological information is in L1



and L2 auditory sentence comprehension. Most previous ERP studies tested
morphological (and morphosyntactic) violations during reading, but it is not clear
whether the ERP effects (such as E(LAN), P600 and N400) observed in the studies using
visual presentation will generalize to the auditory modality because visual and auditory
stimuli presentations tap different representational levels of a morphologically complex
word (in reading a word can be accessed as a whole whereas in listening it unfolds in
time) (Clahsen, Sonnenstuhl, and Blevins, 2003; Holcomb and Neville, 1990; Holcomb,
Coffey, and Neville, 1992; Liick, Hahne, and Clahsen, 2006). Importantly, we want to
examine how the brain response changes depending on the phonological contrast
involved in the distinction of two morphological forms. For example, one might predict a
graded ERP response as a function of phonetic proximity/similarity (e.g., a larger P600
response to the incongruent $%+)%(@ (“answered”, /=tvietlil/) compared to the
incongruent $%+)%0Q06 (“will answer”, /=tvietlit/) where the form $%+)%Q0- (“to
answer”, /=tvietlitl/) is expected, because /t// and /t/ share more phonetic features than /tl/
and /1/). The predictions for the L2 listeners can go in different ways. If they lack the
necessary morphological competence in accordance with the shallow-structure hypothesis
(Clahsen & Felser, 2006a; 2006b) and are not sensitive to morphological cues during
sentence comprehension, an ERP response to morphological violations may not be
elicited. If, however, they are capable of extracting the necessary morphological cues
during online auditory processing and use the grammatical information contained in the
inflection for meaning integration and sentence comprehension, a difference in the ERP
response to congruent versus incongruent conditions should be observed. On the other

hand, in L2 learners, such response may be modulated by the level of perceptual
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difficulty of the morpho-phonological contrast. Given the evidence that the distinction
between Russian hard and soft consonants is problematic for nonnative comprehenders of
Russian, they may not show an ERP response (or show a reduced ERP response) to the
morphological violations involving such a phonological contrast (as in $%+)%@6-
$%+)%006-), suggesting a morphological context bias effect in the situation of

phonological ambiguity.

5.3.1 Participants

L1 group included 21 native speakers of Russian (mean age 29.8, range 19-58; 14
females). Most of them were graduate students at the University of Maryland or recent
graduates working in the Washington, DC area at the time of testing. L2 group included
15 American speakers of Russian as a second language (mean age 29.8, range 24-51; 7
females). All L2 speakers were screened for the study based on their language
proficiency. Prior to the experiment, they were asked to fill out a language background
questionnaire about their language learning experience, rate their language proficiency in
different linguistic domains on a scale from 1 (minimum) to 10 (maximum), and
complete a 25-item proficiency cloze test. Their average score on the cloze test was
22.27 out of the maximum of 25 (Table 9). Ten out of the 15 participants reported having
taken the ACTFL Oral Proficiency Interview (OPI), a widely recognized language
proficiency test. Two of these people had received a score of 2+ (Advanced High) on the
Interagency Language Roundtable (ILR) scale; four people — a score of 3 (Superior); two
people — a score of 3+ (Superior), and two participants — a score of 4 (Distinguished). All
of the participants have visited or have lived in Russia at some point in their life (for an

average of 2.83 years). At the time of testing they reported a frequent use of Russian on a
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daily basis (an average of 40%) with their Russian-speaking friends, for work-related

purposes, and on the Internet.

Table 9. Linguistic profile of L2 participants in the ERP experiment.

Mean SD
Age when started learning Russian 17.00 2.75
Age when first traveled to Russia 18.93 5.44
Length of living in Russia (years) 2.83 1.61
Formal instruction in Russian (years) 2.77 0.67
Self-rated pronunciation 7.27 1.49
Self-rated oral proficiency 7.13 1.64
Self-rated listening proficiency 7.27 1.33
Self-rated reading proficiency 7.67 1.59
Self-rated writing proficiency 6.47 1.81
Self-rated knowledge of grammar 7.40 1.64
Cloze test (Proficiency measure) 22.27 2.40

5.3.2 Design and materials

The experimental materials consisted of a set of 180 triplets of sentences (a total
of 540 sentences) for the critical (n = 90 triples) and the control (n = 90 triplets)
conditions, which were counterbalanced across three presentation lists to ensure that no
subject was exposed to the same sentence or critical word more than once. Additional 90
items were added as fillers resulting in three 270-item presentation lists. The sentences in
each triplet were identical except for the target word, which was always embedded in
about the middle of the sentence (for the critical condition: on average 3.26 words after
sentence onset and 2.81 words before sentence offset; for the control condition: on
average 4.28 words after sentence onset and 2.16 words before sentence offset). The
target word could be either congruent or incongruent.

The critical condition included a three-way manipulation of the target word based
on the type of the verbal form: the congruent infinitive form (V + -)*, /t/), incongruent

future-tense form (V + -), /t/), and incongruent past-tense form (V + -8, /I/). In the
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congruent condition (n = 30 per list), morphological expectations for the target word were
created with the help of the pre-target context: similarly to English, a verb following
another verb (or auxiliary or modal) in Russian should take an infinitive form (e.g., wants
to read, loves to read, will read, may reac.). The logic is that by the time the listener
arrives at the target word, they should have their morphological expectations in place
(through pre-activating those words that fit the expected morphological template, i.e., an
infinitive form of the verb), even though the semantic content may still be unknown. In
contrast, incongruent targets are supposed to conflict with the listener’s morphological
expectations and cause a temporary breakdown in the comprehension flow. Incongruent
targets in the critical condition were of two types. The incongruent future-tense targets (n
= 30 per list) differed from the congruent targets on the basis of the Russian-specific
phonological contrast of consonantal hardness/softness (/t/ vs. /t/ as in $%+)%@6- —
$%+)%00), and were supposed to be phonologically ambiguous and perceptually difficult
for L2 Russian listeners. Incongruent past-tense forms (n = 30 per list) differed from the
congruent targets on the basis of an easy phonological contrast (/t/ vs. /1/ as in $%+)%b-
~$%+)%().

The control condition was included in the design of the experiment in order to
assess the reliability of the ERP response in L1 and L2 listeners independently of the
critical comparisons and in order to create more variability in the types of violations
(nominal in addition to verbal paradigm). Control items also involved a three-way
manipulation of the target word including congruent targets and two types of incongruent
targets. The congruent targets (n = 30 per list) were always inanimate masculine nouns in

the Accusative case (stem + -¢) used as direct objects. They were preceded by an



adjectival modifier, which agreed with the target in gender, number and case, and,
therefore, helped to set up morphological expectations for the necessary morphological
form. In the morphologically incongruent control condition, the targets (n = 30 per list)
were incorrectly used in the Dative case (stem + -y, /u/), e.g., E!4:9 (“to language”,
/jaz>ku/) instead of E!4: (“language”, /jaz>k/). In order not to make the participants too
aware of the morphological violations in the experiment, sentences with semantic
violations (n = 30 per list) were also added. Unlike in the critical condition, pre-target
context in the incongruent semantic condition created a semantic bias in favor of a
particular lexical candidate. Target words in the control incongruent semantic condition
were matched with the control congruent targets in word length, lemma and surface
frequency. Stimulus characteristics and sample sentences in the critical and the control
conditions are presented in Table 10, and a full list of items is provided in Appendix E.
Finally, filler sentences (n = 90) were constructed in order to balance the number
of congruent and incongruent sentences in each presentation list. Seventy-five of these
sentences were congruent and 15 were incongruent. The latter involved various violations
of the aspectual use in verbs (e.g., perfective in place of imperfective aspect). Thus, the
ratio of congruent to incongruent sentences in each presentation list was 1:1 (30 critical
congruent, 30 control congruent, 75 filler congruent = 135, and 60 critical incongruent,
60 control incongruent, 15 filler incongruent = 135; a total of 270 sentences per list). The

ratio of critical to noncritical sentences per list was 1:2.
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Table 10. Stimulus characteristics and example sentences in the critical and the control
conditions of the ERP experiment.

~?ondition

Congruency

Example

Mean
™W
duration,
ms

Mean TW
lemma
frequency,
ipm

Critical

congruent

@2A1BC 63"3D124 6/E,27E1)(
53AE) FGHIGJGKNr 1(
6/3034(L2311BC 036/3M
ON/1(82M)(.

PresidentOs personal assistant
wants tcANSWER the
journalistOs provocative questio

0.78

60.95

incongruent
future
(phonologically
ambiguous)

@2A1BC 63"3D124 6/E,27E1)(
53AE) *FGH 1 GJGryture 1(
6/3034(L2311BC 036/3M
ON/1(82M)(.

PresidentOs personal assistant
wants to ANSWER ture the
journalistOs provocative questio

0.78

60.95

incongruent

past
(phonologically
unambiguous)

@2A1BC 63"3D124 6/E,27E1)(
53AE) *FGHIGJ@past 1(
6/3034(L2311BC 036/3M
ON/1(82M)(.

PresidentOs personal assistant
wants to ANSWER\st the
journalistOs provocative questio

0.78

60.95

Control

congruent

0438*1242 1(A21( ;) 2,NAQ*
213M)/(1lBC PQRSACCUSATIVE M
6E/03+3 48(MM(.

Students start learning a foreign
LANGUAG B ccusaTIVE in the

first grade.

0.65

126.29

incongruent
case

0438*1242 1(A21( ;) 2,NAQ*
213M)/(11BC PQRSTpative M
6E/03+3 48(MM(.

Students start learning a foreign
LANGUAGBKATIVE in the first
grade.

0.77

126.29

incongruent
semantic

0438*1242 1(A21( ;) 2,NAQ*
213M)/(11BC FHFU M 6E/03+3
48(MM(.

Students start learning a foreign
VEGETABLEN the first grade.

0.65

139.46

Note: TW = target word




All experimental sentences were recorded with normal intonation at a normal
speaking rate by a female native speaker of Russian and digitized at a sampling rate of 44
kHz. The sentences were recorded in triplets in a random order to eliminate any
condition-specific prosodic patterns. Sound waveforms were examined and target word
onsets and offsets were marked using Praat sound editing software (Boersma & Weenink,
2010). The target words were spliced across triplets (from congruent to incongruent
conditions, and vice versa) to ensure that prosodic information and speaking rate are kept

constant within each triplet but that there is no spurious effect of splicing itself.

5.3.3 Procedure

Participants were comfortably seated about 100 cm in front of the computer in a
sound-attenuated room and instructed to move as little as possible. They were asked to
listen to sentences attentively and understand them the best they could. They were
warned that some sentences may sound strange. Sentences were presented through metal-
free headphones at a comfortable volume for each individual. Each trial began with a
beep tone lasting for 150 ms, followed by a 1000-ms silence period, then the auditorily
presented sentence, and another silent period for 2000 ms, after which a question on the
computer screen appeared. Each time the question asked the participants if the sentences
sounded good. They indicated their response by pressing the “yes” or “no” button on the
keyboard. The next trial started 3000 ms after the response was given. To ensure that
subjects would not blink during and shortly after the presentation of the sentence, they
were instructed to focus on the fixation point, which appeared on the computer screen
simultaneously with the beep sound and remained there until the question was displayed.

Participants were free to move their eyes or blink when the fixation point was not on the
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screen. Trials were presented in 9 blocks, between which participants could take short
breaks. On average, the whole experiment lasted about 70 minutes. Prior to the
experimental session, participants were given 10 practice trials with feedback to
familiarize themselves with the task and were explained what constitutes a “good” and a
“bad” sounding sentence. The sentences were presented through Matlab R2013a
(Mathworks, USA), using the Psychophysics Toolbox extensions (Brainard, 1997; Pelli,

1997).

5.3.4 EEG recordings

Raw EEG signal was recorded continuously using Neuroscan data acquisition
system and SynAmps amplifier at a 1000-Hz sampling rate from 29 pure tin electrodes
mounted in an electrode cap (Electro-cap International) at the following sites: midline:
Fz, FCz, Cz, CPz, Pz, Oz; lateral: FP1, F3/4, F7/8, FC3/4, FT7/8, C3/4, T7/8, CP3/4,
TP7/8, P4/5, P7/8, and O1/2. Recordings were referenced online to the left mastoid and
re-referenced offline to averaged mastoids. The vertical electro-oculogram (VEOG) was
recorded from the electrodes placed above and below the left eye; the horizontal electro-
oculogram (HEOG) was recorded from electrodes situated at the outer canthus of each
eye. Electrode impedances were kept below 5kV. The EEG and EOG recordings were

amplified and digitized online at 1kHz with a bandpass filter of 0.1-100 Hz.

5.3.5 EEG data analysis

EEG data analysis was performed using EEGLAB v12 (Delorme and Makeig,
2004), an open source toolbox running under Matlab R2013a (Mathworks, USA). The

data were epoched (W200 to 1400 ms) and baseline corrected (W200 ms to Oms). An
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independent component analysis (ICA) with the runica Infomax algorithm provided by
the EEGLAB toolbox was performed and the components corresponding to eye blinks,
eye and muscle movement were removed from the EEG data. The data were further
processed by an automatic peak-to-peak artifact rejection (rejection level £100 puV) in
order to remove any residual artifacts, resulting in 5.11% and 5.24% of discarded trials
for L1 and L2 groups, respectively. For each participant, artifact-free trials were averaged
into ERPs per each experimental condition (critical: congruent, incongruent future,
incongruent past; control: congruent, incongruent case, incongruent semantic) for two
time-locking points (target onset and target offset) for all electrodes. Weighted grand
average ERPs for each participant group (L1 and L2) were computed. Grand averaged
ERPs were filtered off-line with a 20 Hz low-pass filter for plotting purposes, but all

statistical analyses were computed on unfiltered data.
5.3.6 Results

5.3.6.1 Behavioral results

Listeners’ judgment of goodness of sentences in different conditions was
evaluated along two parameters: error rate and reaction time (see Table 11). For the error
rate analysis, a two-way ANOVA with condition (3 levels: critical, control, or filler) as a
within-subjects factor, and language group (2 levels: L1 or L2) as a between-subjects
factor yielded a significant interaction between condition and language group (F(2, 9714)
=62.4,p<0.001, C= 0.013), a significant main effect of condition (F(2, 9714) = 51.96,
p<0.001, G=0.01), and a significant main effect of language group (F(1, 9714) = 1122,
p<0.001, G=0.10). While L1 listeners’ accuracy of judgment of sentence goodness did

not differ across the three conditions, L2 listeners misjudged sentence goodness in 31.5%
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of the sentences in the critical condition, 22.2% in the filler, and 14.5% in the control
conditions (error differences between the conditions were significant at p < 0.001). L2
listeners also made significantly more errors than L1 listeners in all respective conditions
(p<0.001).

Table 11. Mean error rate and reaction time latencies for L1 and L2 listeners in the
sentence goodness task.

Language group
Condition L1 L2
Error rate RT Error rate RT

Critical ~ 0.031 (0.007) 1026.36 (101.32) 0.315 (0.015)  1516.64 (249.10)
Control  0.026 (0.004) 103837 (106.62) 0.145 (0.018) 1395.12 (267.72)
Filler 0.019 (0.004) 1051.1 (108.65)  0.222 (0.021) 1779.62 (406.61)

Note: Standard errors are presented in brackets.

For the reaction time analysis, a similar two-way ANOVA with condition (3
levels: critical, control, or filler) as a within-subjects factor and language group (2 levels:
L1 or L2) as a between-subjects factor was conducted. We observed a significant
interaction between condition and language group (F(2, 9714) = 7.85, p < 0.001, C=
0.002), a significant main effect of condition (F(2, 9714) = 6.89, p < 0.01, C=0.001),
and a significant main effect of language group (F(1, 9714) = 183.15, p < 0.001, C=
0.02). Post-hoc Tukey HSD tests revealed that, while L1 listeners’ response latencies to
questions did not differ significantly across the three conditions, L2 listeners were
significantly slower in the filler (M = 1779.62 ms, SE= 406.61 ms) condition than in the
control (M = 1395.12 ms, SE= 267.72 ms) or critical (M = 1516.64 ms, SE= 249.1 ms)
condition (control and critical conditions did not differ significantly between each other).
L2 listeners also responded to the questions significantly more slowly than L1 listeners in

all respective conditions (p < 0.001). Separate one-way ANOVAs for the critical and
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control conditions yielded a significant effect of congruency condition on both error rate
and reaction time latencies of L2 listeners (critical: Fer(2, 1347) = 502.6, p < 0.001, C=
0.43; Fri(2, 1347) = 29.73, p < 0.001, C = 0.042; control: Fer (2, 1347) = 1424, p <

0.001, G=0.02; Fri(2, 1347) = 15.66, p< 0.001, G= 0.02) (see Figures 11 and 12).
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Figure 11. Mean error rate in the critical and the control conditions in (A) the L1 group
and (B) the L2 group.
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Figure 12. Mean RT in the critical and the control conditions in (A) the L1 group and (B)
the L2 group.

In the control condition, post-hoc Tukey HSD comparisons showed that L2
listeners made significantly fewer errors (p < 0.01) in the incongruent semantic condition
(M = 0.07, SE = 0.02) compared to the incongruent morphological (case mismatch)
condition (M = 0.16, SE= 0.03) and congruent condition (M = 0.2, SE= 0.03) (the latter

two did not differ significantly) indicating that spotting semantic violations was easier for
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them. Their response latencies in the control condition were significantly faster (p <
0.001) in both incongruent conditions (morphological: M = 1171.63, SE = 239.09,
semantic: M = 1197.55, SE= 244.43) compared to the congruent condition (M = 1816.17,
SE= 344.87), suggesting that by the time of the button press, the listeners have already
identified a violation in the sentence.

In accordance with our predictions, the analysis of the critical condition showed
that L2 listeners made significantly more errors (p < 0.001) in the incongruent condition
involving a morphological violation of phonologically difficult forms (an infinitive form
vs. a future-tense form) (M = 0.73, SE= 0.05) compared to the incongruent condition
involving a morphological violation with phonologically easier forms (an infinitive form
vs. a past-tense form) (M = 0.02, SE= 0.005). The congruent condition (M = 0.2, SE=
0.02) was significantly different from both incongruent conditions (p < 0.001). Reaction
time data corroborates the observed error rate differences: L2 listeners were almost two
times faster (p < 0.001) in identifying incongruent use of the verbs in the past tense (M =
847.61, SE= 107.25) compared to that of the verbs in the future tense (M = 1959.32, SE

= 330.76).

5.3.6.2 ERP results

Statistical analyses on mean voltage amplitude were carried out on selected
latency windows, which were determined after careful visual inspection of the grand
average ERP waveforms for L1 and L2 groups: 200-600 ms for the N400 component (for
semantic violations) and 800-1300 ms for the late P600 component (for morphological
violations). Separate analyses were conducted for data from control and critical

conditions since neither the target words nor the sentence structure were matched across
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these conditions by design. For the critical condition, repeated measures ANOVAs were
performed on the 800-1300 ms window with one between-subjects variable (group: L1
vs. L2) and several within-subjects variables: congruency (3 levels: congruent,
incongruent past, incongruent future), hemisphere (3 levels: left, midline, right), and
anteriority (3 levels: anterior, central, posterior). For the control condition, repeated
measures ANOVAs were performed on the 200-600 ms and 800-1300 ms window with
one between-subjects variable (group: L1 vs. L2) and the same within-subjects variables,
except for congruency, which had 2 separate levels (congruent vs. incongruent) in both
semantic and morphological comparisons. A combination of the variables hemisphere
and anteriority yielded 9 regions of interest (ROIs): left-anterior: F3, FC3, F7, FT7;
midline-anterior: FZ, FCZ; right-anterior: F4, FC4, F8, FTS; left-central: C3, CP3, T7,
TP7; midline-central: CZ, CPZ; right-central: C4, CP4, T8, TP8; left-posterior: P3, O1,
P7; midline-posterior: PZ, OZ; right-posterior: P4, O2, P8). We will present the results
for the control condition first, and then for the critical condition.
5.3.6.2.1 Control comparison
Semantic condition

Grand average ERPs time-locked to target word onsets demonstrate a clear
negativity peaking at around 400 ms followed by a broadly distributed late positivity
around 800-1300 ms in response to the semantic manipulation for both L1 and L2
listeners (Figure 13 and 14). The difference in mean amplitudes between congruent and
incongruent conditions for the two latency windows yielded a topographic distribution

characteristic of the N400 and P600 effects, respectively (Figure 19, top and middle).
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Results from a repeated measures ANOVA on the ERP mean amplitude in the

200-600 ms latency range (N400 component) revealed a significant main effect of

congruency (F(1, 34) = 13.427, p < 0.0001) and an interaction between hemisphere and

anteriority (F(4, 136) = 3.58, p < 0.01). In both participant groups, the effect was

bilaterally distributed over posterior and central sites (Figure 15.A). A direct comparison

of L1 and L2 groups did not reveal significant differences (Table 12). Peak amplitude for

the N400 response in the L1 group occurred around 361.7 ms (SE= 86.9 ms) from the

stimulus onset and around 440.42 ms (SE= 77.5 ms) for the L2 group.
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Figure 13. Grand average ERPs at the onset of the target word in congruent (black) and
incongruent semantic (red) control condition for the L1 group. Time O is the onset of the
stimuli. Negative polarity is plotted upwards. X axis represents time (milliseconds) and Y

axis depicts voltage (microvolts, LV).
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With respect to the positivity seen in the later time window (800—-1200 ms),
significant effects of congruency (F(1, 34) = 12.86, p < 0.01), anteriority (F(2, 68) =
3.65, p < 0.05), as well as significant interactions for language and anteriority (F(2, 68) =
3.38, p < 0.05), congruency and hemisphere (F(2, 68) = 3.29, p < 0.05), and hemisphere
and anteriority (F(4, 136) = 3.13, p < 0.05) were observed. ROI analysis revealed that the
P600 effect to incongruent condition was largest at midline sites (Figure 15.B). Peak
amplitude for the P600 response to incongruent sentences occurred around 955.24 ms
from the stimulus onset (SE= 77.8 ms) in the L1 group, and around 1071 ms (SE= 79.3

ms) for the L2 group.
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Morphological condition

Grand average ERPs time-locked to target word onsets in the control
morphological (case) condition are illustrated in Figure 16 and 17 for L1 and L2 groups,
respectively. Both groups demonstrate a clear late positivity for the incongruent condition

peaking at around 1040 (SE= 13 ms) for L1 group and 1040.5 (SE= 17.97 ms) for L2
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group. The difference in mean amplitudes between congruent and incongruent conditions
for the 800-1300 ms latency window has a topographic distribution characteristic of the

P600 effects (Figure 19, bottom).
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Figure 16. Grand average ERPs at the onset of the target word in congruent (black) and
incongruent morphological (case) (red) control condition for the L1 group. Time 0 is the
onset of the stimuli. Negative polarity is plotted upwards. X axis represents time
(milliseconds) and Y axis depicts voltage (microvolts, uV).

Results from a repeated measures ANOVA on the ERP mean amplitude yielded a
significant main effect of congruency (F(1, 34) = 11.88, p<0.001) and hemisphere (F(2,

68) = 4.23, p < 0.05), significant two-way interactions between congruency and

hemisphere (F(2, 68) = 4.27, p < 0.05) and hemisphere and anteriority (F(4, 136) = 3.01,
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p < 0.05), and a significant three-way interaction of language group, hemisphere and
anteriority (F(4, 136) = 3.11, p < 0.05) (see Table 12). The analysis revealed that
morphologically incongruent sentences elicited a particularly notable positivity at central
locations (which was more pronounced in the L1 listener group) and a smaller (or absent)

effect over the left than over the right hemisphere, especially in the L2 speaker group

-~
T b e e T
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(Figure 18).
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Figure 17. Grand average ERPs at the onset of the target word in congruent (black) and
incongruent morphological (case) (red) control condition for the L2 group. Time 0 is the
onset of the stimuli. Negative polarity is plotted upwards. X axis represents time
(milliseconds) and Y axis depicts voltage (microvolts, uV).
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conditions in the control morphological (case) condition across all regions of interest
(ROIs) in the time window of 800-1300 ms for L1 and L2 groups.

Table 12. F-tests and associated p values for main effects and interactions on mean ERP
amplitudes in the control semantic condition for the 200-600 ms and 800-1300 ms
windows and the control morphological (case) condition for the 800-1300 ms.

Semantic Morphological

Effect Df 200-600 800-1300 800-1300

F-test pvalue F-test pvalue F-test pvalue
language 1,34 0.00 0.98 2.04 0.16 0.33 0.57
congruency 1,34 1343 <0.001 1286 <0.01 11.88 <0.001
hemisphere 2,68 0.81 0.45 1.09 0.34 423 <0.05
anteriority 2,68 0.87 0.42 3.65 <0.05 1.62 0.21
language x congruency 1,34 1.00 0.32 0.00 0.96 1.02 0.32
language x hemisphere 2,68 1.64 0.20 2.87 0.06 2.25 0.11
language x anteriority 2,68 0.97 0.39 3.38 <0.05 041 0.67
congruency x hemisphere 2,68 1.56 0.22 3.29 <0.05 427 <0.05
congruency X anteriority 2,68 0.41 0.66 0.24 0.79 1.75 0.18
hemisphere x anteriority 4,136 3.58 <0.01 3.13 <0.05 3.01 <0.05
language x congruency x 2,68 0.63 0.54 0.16 0.85 0.13 0.88
hemisphere
language x congruency x 2,68 0.94 0.40 1.36 0.26 0.41 0.67
anteriority
language x hemisphere x 4,136 0.84 0.50 2.19 0.07 3.11 <0.02
anteriority
congruency x hemisphere 4,136 1.04 0.39 1.63 0.17 1.47 0.22
X anteriority
language x congruency x 4,136  0.28 0.89 0.42 0.79 1.43 0.23

hemisphere x anteriority

131



L1

L2

3
E E
© o
LS
=¥
5 s
£
wn
11 0 1
uv

w

Semantic effect
800-1300 ms

Morphological (case) effect
800-1300 ms

Figure 19. Topographic distribution of the ERP effects in the 200-600 ms (top) and 800-
1300 ms (middle) latency windows for the control semantic condition and in the 800-
1300 ms (bottom) window for the control morphological (case) condition for L1 and L2

groups.

132



5.3.6.2.2 Critical condition
Timelocking to word onset

Based on the visual inspection of the grand average ERPs time-locked to target
word onsets in the critical condition, a clear late positivity (late P600 with a peak around
1000 ms) for both incongruent conditions (incongruent past and incongruent future) was
elicited in the L1 listener group, whereas L2 group demonstrated a comparable positivity
only for the incongruent past condition, but not incongruent future condition (compare
Figure 20 and 21 for L1 and L2 groups, respectively). The topographic distribution of the
ERP effects in the L1 and L2 groups is consistent with this observation: while in the L1
group the difference in mean amplitudes between congruent and both incongruent (past
and future) conditions for the 800-1300 ms latency window has a clear positive centro-
parietal distribution characteristic of the P600 component, in the L2 group it is absent for
the incongruent future condition (Figure 21). A similar pattern is evident from the
observation of the distribution of average amplitudes across different ROIs (Figure 23).
In the L1 group, the ERP effect was bilaterally and centro-parietally distributed for both
the incongruent past and the incongruent future conditions whereas the L2 group showed
a similar distribution of the P600 effect only for the incongruent past condition.

The differences in the elicited ERP components in the two groups of participants
were also confirmed by the statistical analyses. An omnibus repeated measures ANOVA
on the ERP mean amplitude yielded significant main effects of congruency (F(2, 68) =
16.34, p < 0.001), hemisphere (F(2, 68)=15.9, p<0.001), anteriority (F(2, 68) = 28.75,
p < 0.001), significant two-way interactions between congruency and hemisphere (F(4,

136) = 5.9, p<0.01), hemisphere and anteriority (F(4, 136) = 4.71, p < 0.01), and, most
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importantly, between language and congruency (F(2, 68) = 6.18, p < 0.01). A three-way
interaction of language, hemisphere and congruency (F(4, 136) = 4.68, p < 0.01) as well

as congruency, hemisphere and anteriority also came out significant (F(8, 272) = 2.17, p
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< 0.05) (see Table 13).
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Figure 20. Grand average ERPs at the onset of the target word in congruent (black),
incongruent past (red) and incongruent future (blue) conditions in the critical condition
for the L1 group. Time 0 is the onset of the stimuli. Negative polarity is plotted upwards.
X axis represents time (milliseconds) and Y axis depicts voltage (microvolts, pV).
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Figure 21. Grand average ERPs at the onset of the target word in congruent (black),
incongruent past (red) and incongruent future (blue) conditions in the critical condition
for the L2 group. Time 0 is the onset of the stimuli. Negative polarity is plotted upwards.
X axis represents time (milliseconds) and Y axis depicts voltage (microvolts, pV)
Separate ANOVAs with Tukey HSD post-hoc comparisons of the conditions of
interest revealed that mean amplitude in response to the congruent targets was
significantly smaller (M = -0.64, SE = 0.26) compared to the incongruent past-tense
forms (M = 1.41, SE= 0.38) and the incongruent future-tense forms (M = 1.32, SE=
0.43) in the L1 group (p < 0.001), but did not differ significantly for the latter two. For
the L2 comprehenders, there was a significant difference between congruent (M = -0.41,

SE = 0.52) and incongruent past conditions (M = 1.2, SE= 0.59) (p < 0.001), but no

statistical difference between congruent and incongruent future (M = -0.66, SE= 0.35)
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conditions. Mean amplitude for the congruent condition did not differ significantly
between L1 and L2 listeners. Neither was there a statistical difference for incongruent
past condition between L1 and L2 participants, but the differences in mean amplitude for

the incongruent future condition were significant between the two groups (p < 0.001).

L1 L2

Incongruent past
800-1300 ms

Incongruent future
800-1300 ms

nv | nv

Figure 22. Topographic distribution of the ERP effects in the 800-1300 ms latency
windows for the critical incongruent past (top) and critical incongruent future (bottom)
conditions for L1 and L2 groups.
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Figure 23. Average ERP (time-locked to target word onset) amplitude for congruent
(black), incongruent past (red), and incongruent future (blue) conditions in the critical
condition across all regions of interest (ROIs) in the time window of 800-1300 ms for L1
and L2 groups.
Timelocking to word offset

Because the disambiguation point between the three verbal forms used in the
critical condition of the present study falls on the last phoneme of the word ($%+)%06- —
$%+)%(L B $%+)%00), some nuances of ERP components may be smeared when the
waveforms are time-locked to word onsets (e.g., due to differences in word duration).
Therefore, an additional analysis was performed for the ERP waveforms time-locked to
target word offsets. Figures 24 and 25 display the grand average ERPs for the congruent,
incongruent past and incongruent future conditions for the L1 and L2 groups,
respectively. Based on the visual inspection of the grand average ERPs time-locked to
word offsets, a clear early positivity in the 100-600ms latency window followed by a
pronounced late negativity in the 600-1300 ms window are observed for both incongruent

conditions (incongruent past and incongruent future) in the L1 group. L2 group

demonstrated a similar pattern of ERP response, except for the incongruent future
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condition. Scalp topography of the ERP effects (Figure 26) as well as the ROI analysis
(Figure 27) indicate that the ERP effects are mostly pronounced in the centro-parietal

arca.
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Figure 24. Grand average ERPs at the offset of the target word in congruent (black),
incongruent past (red) and incongruent future (blue) conditions in the critical condition
for the L1 group. Time 0 is the offset of the stimuli. Negative polarity is plotted upwards.
X axis represents time (milliseconds) and Y axis depicts voltage (microvolts, pV).

Again, the differences in the elicited ERP components in the two groups of
participants were confirmed by the statistical analyses. In the 100-600 ms window, an

omnibus repeated measures ANOVA on mean amplitudes yielded significant main

effects of congruency (F(2, 68) = 32.04, p<0.001) and hemisphere (F(2, 68) =6.27, p<
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0.01). Importantly, the interaction between language and congruency (F(2, 68) = 13.03, p
< 0.001) was significant, as well as interactions between congruency and hemisphere
(F(4, 136) = 6.62, p < 0.001), hemisphere and anteriority (F(4, 136) = 5.8, p < 0.001),
and congruency and anteriority (F(4, 136) = 3.59, p < 0.01). Three-way interactions of
language, hemisphere and congruency (F(4, 136) =2.94, p < 0.05) as well as congruency,
hemisphere and anteriority also came out significant (F(8, 272) = 3.88, p < 0.01). Finally,
a four-way interaction between language, congruency, hemisphere and anteriority was

found significant (F(8, 272) =2.55, p < 0.05) (see Table 13).
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Figure 25. Grand average ERPs at the offset of the target word in congruent (black),
incongruent past (red) and incongruent future (blue) conditions in the critical condition
for the L2 group. Time 0 is the offset of the stimuli. Negative polarity is plotted upwards.
X axis represents time (milliseconds) and Y axis depicts voltage (microvolts, pV).
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Incongruent future
600-1300 ms

Figure 26. Topographic distribution of the ERP effects in the incongruent past and
incongruent future conditions in the 100-600 ms and 600-1300 ms latency windows for
L1 and L2 groups.

In the 600-1330 ms latency window, an omnibus repeated measures ANOVA also
yielded significant main effects of congruency (F(2, 68) = 13.31, p < 0.001) and
hemisphere (F(2, 68) = 6.36, p < 0.01). Additionally, a significant effect of anteriority
was observed (F(2, 68) = 8.92, p < 0.001). Importantly, the interaction between language
and congruency (F(2, 68) = 4.14, p < 0.05) was significant again, as well as interactions
between congruency and hemisphere (F(4, 136) = 7.55, p < 0.001), hemisphere and
anteriority (F(4, 136) = 6.45, p < 0.001), and congruency and anteriority (F(4, 136) =
5.27, p < 0.01). Three-way interactions of language, hemisphere and congruency (F(4,
136) = 3.04, p < 0.05) as well as congruency, hemisphere and anteriority also came out
significant (F(8, 272) = 3.4, p<0.01) (see Table 13).

Separate ANOVAs with Tukey HSD post-hoc comparisons of the conditions of
interest revealed that, in the L1 group, mean ERP amplitude in the 100-600 ms window
was significantly smaller in the congruent condition (M = -0.09, SE= 0.27) compared to
the incongruent past condition (M = 1.31, SE= 0.26) and the incongruent future condition

(M =1.51, SE=0.26) (p < 0.001). In the same time window L2 participants exhibited a

141




significantly more positive amplitude in the incongruent past condition (M = 2.33, SE=
0.38) compared to the congruent (M = -0.03, SE= 0.39) and incongruent future (M = 0.2,
SE = 0.21) conditions. The latter two were not significantly different. There were no
significant differences between L1 and L2 groups as far as the congruent condition is
concerned, but the positivity demonstrated by the L2 participants was greater in the
incongruent past condition (p < 0.01) and smaller in the incongruent future condition (p <

0.01) compared to that demonstrated by L1 participants in respective conditions.
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Figure 27. Average ERP (time-locked to target word offset) amplitude for congruent
(black), incongruent past (red), and incongruent future (blue) conditions in the critical
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condition across all regions of interest (ROIs) in the time window of (A) 100-600 ms and
(B) 600-1300 ms for L1 and L2 groups.

A similar pattern of L1-L2 comparisons was obtained for the 600-1300 ms time window.
L1 listeners demonstrated a more negative amplitude in the incongruent past (M = -1.77,
SE= 0.33) and the incongruent future (M = -1.34, SE= 0.25) compared to the congruent
(M = 0.05, SE= 0.33) conditions (p < 0.01). In contrast, L2 listener group showed a
significantly more pronounced negativity only in the incongruent past (M = -2.16, SE=
0.57) compared to the incongruent future (M = -0.42, SE= 0.27) and the congruent (M = -
0.76, SE= 0.4) conditions (p < 0.01). The differences in mean amplitudes between L1
and L2 groups were significant in all conditions: congruent (p < 0.01), incongruent past
(p<0.05) and incongruent future (p < 0.001).

Table 13. F-tests and associated p values for main effects and interactions on mean ERP

amplitudes (time-locked to target words’ onsets and offsets) in the critical condition for
the 100-600 ms and 600-1300 ms windows.

Onset Offset

Effect Df 800-1300 100-600 600-1300

F-test pvalue F-test pvalue F-test pvalue
language 1,34 2.01 0.16 0.05 0.82 0.01 0.76
congruency 2,68 16.35 <0.001 32.04 <0.001 1331 <0.001
hemisphere 2,68 1592 <0.001 6.27 <0.01 6.36 <0.01
anteriority 2,68 28.75 <0.001 2.82 0.067 8.92 <0.001
language x 2,68 6.18 <0.01 13.03 <0.001 4.14 <0.05
congruency
language x 2,68 0.18 0.83 1.84 0.17 2.03 0.14
hemisphere
language x 2,68 0.22 0.81 1.19 0.31 3.01 0.06
anteriority
congruency x 4,136 591 <0.001 6.62 <0.001 7.55 <0.001
hemisphere
congruency x 4,136 0.65 0.63 3.59 <0.01 527 <0.001
anteriority
hemisphere x 4,136 4.73 <0.01 581 <0.001 6.45 <0.001
anteriority
language x 4,136 4.68 <0.01 294 <0.05 3.04 <0.05

congrucncy X
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hemisphere
language x
congruency x
anteriority
language x
hemisphere x
anteriority
congruency x
hemisphere x
anteriority
language x
congruency x
hemisphere x
anteriority

4,136

4,136

8,272

8,272

0.63

0.35

2.17

1.33

0.64

0.84

<0.05

0.23

0.56

0.73

3.88

2.55

0.69

0.57

<0.001

<0.05

1.34

0.96

34

1.77

0.26

0.43

<0.001

0.08

5.4 Discussion

The present study compared native and nonnative morpho-phonological

processing during auditory sentence comprehension in Russian. Of particular interest was

a situation when several morphological inflectional forms can be distinguished on the

basis of a phonological contrast in the same word position (e.g., $%+)%00-

(answerpng)—3$%+)%06 (answerpyture)—3$%+)%(L (answerpast)), where some contrasts

may present a perceptual difficulty for L2 comprehenders (as in % P %- in Russian).

Although the main goal of the study was to examine the type and the time-course of the

ERP response evoked by these kinds of morpho-phonological violations (phonologically

ambiguous or unambiguous for L2 listeners), a control condition was also included,

which involved a semantic violation and a morphological violation of case marking.
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5.4.1 Control condition

5.4.1.1 Semantic violation

Behavioral results showed that although L2 listeners made more errors in the
control semantic condition compared to L1 subjects, their error rate was still quite low
(7%). The fact that their response latencies were faster in the incongruent semantic
compared to the congruent condition indicates that they were able to spot semantic
incongruences before the button press.

With regard to the ERP data, semantic violations in the present study elicited an
amplitude modulation of the N400 component, which was bilaterally and mostly centro-
parietally distributed in both L1 and L2 listeners. The N400 mean amplitude did not
differ statistically across the two groups, although the N400 peak latency was about 80
ms delayed in the L2 group. The observation of the N400 component to semantic
violations is in line with some previous L1 and L2 studies, both visual (e.g., Ardal et al.,
1990; Moreno and Kutas, 2005; Weber-Fox et al., 2003) and auditory (e.g., FitzPatrick
and Indefrey, 2007; Hahne, 2001; Hahne and Friederici, 2001; Holcomb and Neville,
1990; Mueller et al., 2005). Since it is usually considered to serve as an index of semantic
integrative and predictive mechanisms in sentence comprehension (Kutas and
Federmeier, 2000), our findings suggest that there are more similarities than differences
between L1 and L2 speakers in terms of the underlying mechanisms of lexical-semantic
processing (see also Moreno, Rodriguez-Fornell, and Laine, 2008; Mueller, 2005; 2006).

Quite unexpectedly, the N400 component in the semantic condition was
accompanied by a subsequent widely distributed centro—parietal positivity between 800

and 1300 ms post-stimulus onset in both participant groups. It was very similar to a late
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P600 component in terms of its morphology and distribution, which is usually elicited in
response to syntactic violations. Although it is not common, a number of previous studies

have also observed an N400 followed by a P600 effect in response to semantic violations

(e.g., Faustmann, Murdoch, Finnigan, and Copland, 2005; Friederici and Frisch, 2000;
Gunter, Stowe, Mulder, 1997; Hoeks, Stowe, Doedens, 2004; Kuperberg, Sitnikova,
Caplan, and Holcomb, 2003; MYnte, Heinze, Matzke, Wieringa, and Johannes, 1998; van
Herten, Kolk, and Chwilla, 2005). It has been proposed that the functional definition of

the P600 as an index of purely morphosyntactic processing is too restrictive. Rather, it

should reflect a more general language-related reanalysis processes based not only on
syntactic, but also semantic and possibly other linguistic aspects of the sentence
(Faustmann et al., 2005; Gunter et al., 1997; Miinte et al., 1998), or the overall
monitoring, reprocessing and repair of the initial sentence interpretation (Van Herten et

al., 2005).

5.4.1.2 Morphological violation (case marking)

Similarly to the control semantic condition, L2 listeners demonstrated a higher
error rate (14%) in the sentence goodness task than the L1 listeners. Their response
latencies were faster in the incongruent compared to the congruent condition suggesting
that they were able to spot morphological incongruences before the button press.

Examination of the ERP data revealed that morphological violations of case

marking in Russian masculine singular nouns (the dative case in place of the expected
accusative case, as in E!4: -@ (languageaccusative) — E!4: -9 (languageparive)) produce a

clear late positivity peaking at around 1040 ms post-stimulus onset for both L1 and L2

groups. This effect was largest at centro-parietal sites and had a topographic distribution
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characteristic of the P600 component. No early negativities were elicited for either L1 or
L2 group.

Given the functional interpretation of the P600 component in the studies
examining L1 morphosyntactic processing, i.e., that it reflects secondary, more controlled
morphosyntactic processes such as integration, revision, and reanalysis (e.g., Friederici,
1995; Hagoort, Brown, and Groothusen, 1993; Osterhout and Holcomb, 1992), it was
expected to be elicited in response to the morphological violation of case use in the L1
group.

The predictions for the L2 group were not so obvious due to the existence of a
large body of controversial empirical evidence on L2 acquisition of inflectional
morphology (e.g., see Clahsen, Balkhair, Schutter, and Cunnings, 2013; Clahsen and
Felser, 2006a; 2006b; Gor and Jackson, 2013). It is mostly agreed that L2 processing of
inflected words is more effortful and prone to errors unlike that of L1 speakers, so it was
not clear whether L2 listeners would be able to build online morphological predictions
about case-inflected nominal forms. Besides, some previous ERP studies that compared
acquisition of verbal and nominal agreement by L2 leaners reported that nominal number
concord errors failed to produce reliable differences in the ERP trace while violations of
tense use evoked a P600 effect, although it was reduced and had an atypical distribution.
(Tockowitz and MacWhinney, 2005). Osterhout and his colleagues (2004; 2006) found
that a P600 response to verbal agreement violations is elicited as learners’ proficiency
grows, but they did not observe any effect of nominal number agreement violations. The
authors argued that L2 learners’ differences in response to nominal versus verbal

violations could be due to the similarity of features across languages. For example, for
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English learners of French or Spanish, nominal agreement would be more difficult to
acquire because it is not instantiated in English, as it is in French and Spanish, whereas
all three languages share common features of tense and verbal agreement.

The results of the present study are especially noteworthy because they show that
English speakers of L2 Russian are sensitive to violations in the nominal case use, even
though English does not have a comparably complex nominal case system (except for the
distinction between possessive/non-possessive nouns), as does Russian. In contrast to
some previous studies on L1-L.2 morphosyntactic processing (e.g., Hahne and Friederici,
2001; Weber-Fox and Neville, 1996), our results suggest that L2 listeners repair or
reanalyze incorrectly inflected word forms before integrating them with the rest of the
context. This finding can be interpreted as indirect evidence of L2 speakers’ automatic
processing of morphological decomposition into root + inflection and their sensitivity to
morphological cues during sentence comprehension. They rely on the same higher-order
processing mechanisms as do native speakers in listening comprehension, and are able to
incorporate grammaticalized morphological knowledge into the online comprehension
system.

In general, electrophysiological responses in L2 populations have been shown to
be strongly modulated by learners’ proficiency level (e.g., Hahne, 2011; Osterhout et al.,
2006; Rossi et al., 2006; Tanner, Osterhout, and Herschensohn, 2009; Tanner, Nicol,
Herschensohn, & Osterhout, 2012). Thus, a possible explanation of the differences
observed in the present and some previous studies with regard to the P600 component
could lie in the differences in L2 speakers’ language proficiency. All L2 participants in

the present study had a very high proficiency level, so it is possible that with increasing
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proficiency, morphological processes reflected in the P600 come into play because L2

learners are able to go beyond strictly shallow lexically based parsing strategies.

5.4.2 Critical condition and L2 phonological ambiguity

The critical experimental condition had a three-way comparison between the
congruent condition on the one hand and two incongruent conditions on the other, one of
which was hypothesized to be perceptually difficult for L2 listeners and the other one —
perceptually easy. The former included the verbal forms (verb infinitives and future-tense
verbs in the 3" person singular) that differed on the basis of a Russian-specific
phonological feature of consonantal palatalization (as in $%+)%@6- (answerINF,
/=tvietlitl/)—$%+)%0b6 (answerFUTURE, /=tvietlit/)). The latter included a juxtaposition
of the verbal forms that differed on the basis of a phonological contrast common to both
Russian and English (as in $%+)%@6- (answerINF, /=tvietlitl/)—$%+)%( (“answered”,
/=tvletlil/)).

The behavioral results from the sentence goodness judgment task demonstrated
that L1 listeners performed at ceiling across the three conditions. In contrast, L2
comprehenders’ perceptual difficulty with the discrimination of hard/soft consonants
created a phonolexical ambiguity. While they mistakenly accepted only 2% of
ungrammatical sentences as “good” ones in the incongruent past (phonologically
unambiguous) condition, their incorrect acceptance rate in the incongruent future
(phonologically ambiguous) condition was about 73%. Their response latencies to the
questions in the incongruent future condition did not differ from the congruent condition
and were significantly longer than in the incongruent past condition. This suggests that

while L2 comprehenders noticed and correctly identified morphological violations
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involving substitutions of verb infinitive forms with past-tense forms, they were not
disturbed by the violations involving substitutions with future-tense forms.

ERP results are in line with the participants’ behavior in the sentence goodness
task. Because morphology and syntax are both combinatorial and rule-governed systems,
we expected to see a modulation of P600 (which is usually used as an index of syntactic
processes) in response to morphological violations. Indeed, when time-locked to target
word onsets, ERP waveforms for the L1 group showed a late positivity for both
incongruent conditions peaking at around 1000 ms, which had the topography and
morphology characteristic of the P600 component. Although we entertained a possibility
of observing a graded ERP response in the two incongruent conditions as a function of
phonetic similarity (e.g., a larger P600 response to the incongruent past compared to the
incongruent future condition because the /t'/ and the /1/ phonemes in the inflections of the
infinitive and past-tense forms, respectively, share fewer phonological features than the
/¥/ and the /t/ phonemes in the infinitive and future-tense forms), such predictions were
not borne out. Statistically, mean voltage amplitudes for the incongruent past and
incongruent future conditions did not differ between each other. When time-locked to
target word offsets, ERP waveforms showed a positive deflection in the 100-600 ms
latency window followed by a pronounced late negativity in the 600-1300 ms window for
both incongruent conditions compared to the congruent condition in the L1 group. No
early negativities were present in the waveforms time-locked to either word onsets or
word offsets.

With regard to the L2 listeners, we predicted that, if they use shallow processing

instead of morphological parsing strategies (in accordance with the shallow-structure
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hypothesis), and do not decompose morphologically inflected words, no differences
between the congruent and incongruent conditions will be observed in terms of P600
response. Alternatively, provided they store morphologically complex words
undecomposed, some other ERP component responsible for lexical-semantic processing
(e.g., N400) could reflect morphological violations. If, however, L2 comprehenders are
sensitive to morphological cues during sentence comprehension, an ERP response similar
to that in L1 listeners should be observed, although it is expected to be modulated by the
level of perceptual difficulty of the phonological contrast involved in the distinction of
the two morphological forms.

For the most part, our predictions were borne out. When time-locked to target
word onsets, ERP waveforms for the L2 group showed a late positivity for the
incongruent past condition (phonologically unambiguous) compared to the congruent
condition, similarly to the L1 group. Scalp distribution of the ERP response was also
similar to that of L1 listeners and was suggestive of the late P600 component. In
accordance with our predictions, no noticeable P600 effect was observed for the
incongruent future (phonologically ambiguous) condition. Mean voltage amplitudes for
the congruent condition, on the one hand, and the incongruent past condition, on the
other, did not differ significantly between L1 and L2 listeners, but the differences in
mean amplitudes for the incongruent future condition were significant. L2 participants
also showed a pattern of ERP responses similar to L1 participants when ERP waveforms
were time-locked to target word offsets. In the incongruent past condition, a positive
deflection in the 100-600 ms latency window followed by a late negativity in the 600-

1300 ms window was observed relative to the congruent condition. The incongruent
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future condition did not elicit a differential ERP response relative to the congruent
condition. Similarly to the L1 group, no early negativities were evoked in either the
waveforms time-locked to word onsets or word offsets.

The observed differences between the incongruent conditions in the L2 group
could not be due to the differences in the mastery of the two grammatical forms (past
tense versus future tense). Verb conjugations in the past and future tense are usually
covered in the first semester of Russian. Because all our L2 participants had a very high
proficiency level, it is highly unlikely that they were familiar with the past-tense form
and did not know the future-tense form.

Given evidence (Lukyanchenko and Gor, 2011; Chrabaszcz and Gor, in press)
that the distinction between Russian hard and soft consonants is problematic for
nonnative comprehenders of Russian, we argue that the observed differences in L2
participants’ ERP traces are due to the phonolexical ambiguity created by the difficult
phonological contrast. When L2 listeners have the necessary phonological representations
in place and can differentiate between the target phonological contrasts easily (as in the
incongruent past-tense condition), they extract the necessary phonological information as
it becomes available through bottom-up processing and combine it with the constructed
morphological predictions coming from top-down processing. Whenever a mismatch
between the extracted phonological information and the activated, expected morpho-
phonological template occurs, a break-down in comprehension happens, and the parser
makes an attempt at the reanalysis and rechecking of the generated morphological
predictions. In contrast, when phonological representations are fuzzy and unclear (as is

the case with the consonant hard/soft distinction), L2 comprehenders cannot fully rely on
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the information extracted at the phonological level of processing because even after it has
been extracted and processed, the output can still contain several eligible candidates (e.g.,
if the distinction between /t/ and /t/ is not accurately perceived, the output may contain
both $%+)%06 and $%+)%0%6-). Thus, in case of ambiguous bottom-up information, L2
listeners will exhibit a morphological context bias effect and will pick the interpretation
that is most compatible with the morphological predictions at no cost for the parser;
hence, no P600 response which is normally associated with reanalysis and rechecking

will be observed.

5.4.3 On the nature and timing of the P600

According to the neurocognitive model of auditory sentence comprehension
(Friederici, 1995; 1999; 2002), online language comprehension takes place in a
hierarchical manner. During the first phase (which roughly corresponds to the time
window of ELAN component), word category-based phrase structure is built. This is
followed by morphosyntactic and lexical-semantic processing as well as thematic role
assignment in the second phase (N400 and LAN effects are observed at this stage).
Finally, reanalysis, repair, and integration processes occur during phase 3 (which
corresponds to the time window of the P600 component). In the context of this model,
our results suggest that, similarly to syntactic processing, morphological predictions
come into play during the third stage of processing and a violation of morphological
prediction elicits a late P600 response. Notably, the P600 effects evoked in response to
morphological violations involving nominal inflections (case marking) and verbal
inflections (tense agreement) were very similar in the L1 group in terms of amplitude and

timing. The L2 group also showed a comparable P600 response for violations in nominal
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and verbal inflections, except for the phonologically ambiguous (incongruent future)
condition (Figure 28). The mean amplitude for the past-tense form violation was slightly
greater than that elicited by violations in case marking. However, because nominal and
verbal conditions contained different sentences, they cannot be compared directly.

With regard to the critical condition, the results suggest that the phonological
violations on morphemes that are important for lexical and structural integration during
sentence comprehension initiate repair processes at later stages. The average target word
duration in our critical condition was 780 ms, with the phonological violation occurring
in the last phoneme of the target word. For word onset time-locked waveforms, late
positivity started to emerge around 800 ms and lasted for about 500 ms, peaking around
1000 ms; for word offset time-locked waveforms, it emerged as early as 100 ms but also
spread over a 500-ms latency window. This suggests that as soon as the phonological
information became available, it started being integrated with the morphological
expectations arising from the preceding morphosyntactic context, and whenever those
were not met, a morphological reanalysis was invoked, hence, the observed P600 effect.
We think that no ELAN response was elicited because the kinds of morphological
violations used in the present study did not involve word category violations. Rather, they
represented violations within the same morphological (in this case, verbal) inflectional
paradigm. It is also worth noting that, when ERP responses were time-locked to word
offsets, an observed positivity in the 100-600 ms window was followed by a prolonged
late negativity. This could be due to the fact that the breakdown in morphological

predictions created a problem for the lexical-semantic processing of the subsequent word.
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Figure 28. Grand average ERPs for a representative (PZ ) electrode at the onset of the
target word across all morphologically incongruent conditions in the L1 and L2 groups
(incongruent past is in black, incongruent future is in red, and incongruent case is in
blue). Time 0 is the onset of the stimuli. Negative polarity is plotted upwards. X axis
represents time (milliseconds) and Y axis depicts voltage (microvolts, uV).

155



One more question that needs to be addressed is delayed timing of the P600
across different conditions and participant groups. On the one hand, this could be
attributed to the auditory modality of stimulus presentation. Some auditory ERP studies
on morphological processing have in fact demonstrated delayed ERP responses
(Leinonen, Gronholm-Nyman, Jarvenpdd, Soderholm, Lappi, Laine, and Krause, 2009;
Liick, Hahne, and Clahsen, 2006). In visually presented stimuli, words can be accessed
instantaneously and as a whole, whereas in auditorily presented stimuli, words unfold
over time such that the processor has to obey temporal and sequential dimensions of the
stimuli (e.g., the stem of the word has to be processed before the inflection is
encountered). Another explanation of the observed delay in the P600 component can be
attributed to the nature of the stimuli used in the present study. Such delay can stem from
the complexity and higher costs of the parsing process itself. Some researchers have
suggested that the recognition of inflected words is more computationally complex than
the recognition of monomorphemic words because of the additional procedures involved,
such as verifying that the parse is exhaustive and that each morphological constituent is
integrated into the prevailing linguistic context (Allen, Badecker, and Osterhout, 2003;
Baayen, Dijkstra, and Schreuder, 1997; Lehtonen, Cunillera, Rodriguez-Fornells, Hultén,
Tuomainen, and Laine, 2007). Thus, because Russian is an inflectionally rich language, it
is possible that the processing of morphologically inflected forms requires additional

processing costs.
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6 Conclusion

6.1 Overview

The primary purpose of this dissertation study was to examine how phonological
difficulties affect spoken word recognition in the L2, and whether L2 comprehenders can
take advantage of the predictive power of contextual constraints (such as semantic,
morphological, syntactic) to help them disambiguate phonolexically ambiguous words
during auditory sentence comprehension. By comparing L2 listeners’ performance with
that of L1 listeners, we attempted to establish which of these contextual constraints are
most effective in constraining word meaning in L2. In Chapters 4 and 5, we present
evidence from a series of behavioral experiments and an event-related potential (ERP)
experiment. Specific findings are discussed in the respective chapters. Here we
summarize the main empirical findings to answer the research questions we proposed to
address:

RQ 1. Does difficulty with discrimination of phonological contrasts lead to

phonoleical ambiguity in the L27?

Drawing on the findings from our previous studies on L2 listeners’ sensitivity to the
phonological hardness/softness contrast in Russian consonants, the present study
establishes across several experiments that the approximate and unstable nature of L2
phonological representations leads to phonolexical ambiguity in the L2, causing lexical
confusion between the minimal pairs that differ on the basis of such phonological feature.
As a result of such phonolexical ambiguity, these words become temporarily perceptually
indistinguishable, potentially leading to joint activation and spurious lexical competition.

These conclusions are supported by the results of the translation judgment task, where L2
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listeners showed a strong tendency to provide the translation of a similar-sounding word
instead of the target word, e.g., they translated the veripams (/br=t/, Oto takeO) as
Obrother® confusing it with the wd#$%(/br=t/, ObrotherOPue to the overall low-
resolution phonological specifications in L2 lexical representations, it is quite possible
that phonolexical ambiguity can potentially affect lexical items that are not necessarily
minimal pairs but share a substantial amount of phonological overlap (see Cook, 2012).

RQ 2. What are the consequences of L2 phonolexical ambiguity for auditory

sentence comprehension?
Behavioral and electrophysiological data from our three sentence-level experiments
indicate that when L2 comprehenders encounter phonolexically unambiguous
incongruent words during auditory speech comprehension, they experience processing
difficulty trying to integrate them with the sentential context. Phonolexically ambiguous
words, on the other hand, do not incur processingcosts associated with contextual
integration, as evidenced by i) negligible reaction time differences in theazst
listening task, ii) a lack of inhibition effect in the lexical decision task, and iii) the
absence of the P600 response in the ERPyst8dch evidence suggests that L2
comprehenders treat these words as congruent with the context without meaning
disruptionand a breakdown of thomprehensioflow. This implies that they have some
other mechanisms in place that enable th@mompensatér the incomplete perceptual
information ando access the intended lexical candidates

RQ 3. Do L2 listeners utilize contextual information for meaning resolution in

online auditory sentence comprehension?
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Phonological information plays a crucial role in spoken word recognition in that it acts as
a sort of an activation code to the mental lexicon. The “bottom-up priority” principle
(Marslen-Wilson and Tyler, 1980; Marslen-Wilson, 1987; 1989) postulates that
phonological information contained in a word receives priority over contextual
information. When the phonological form is decoded, other properties of the word (e.g.,
morphological, syntactic, orthographic, etc.) are also accessed. Therefore, incomplete
phonological information can block lexical access. This is true for a situation when words
are heard in isolation. In naturally occurring speech, however, words are embedded in
sentences where they are combined with other words by means of complex semantic,
syntactic, and morphosyntactic relationships. We show that L2 listeners can use
knowledge about such relationships to anticipate the incoming input such that when their
expectations are not met, a temporary breakdown in processing occurs, as evident by
their performance in the control (perceptually unambiguous) conditions across the three
sentence-level experiments. We speculate that the same kind of structural and semantic
knowledge allows L2 comprehenders to process an unclear, phonolexically ambiguous
word segment during sentence comprehension. Thus, provided that context has enough
predictive power and that L2 listeners can take advantage of the contextual information,
they should be able to access and select the intended lexical items through their semantic,
syntactic and morphological characstics despite lowesolution phonological
information.
RQ 4. Do L2 listeners utilize different kinds of contextual information, such as
semantic, morphological and syntactic, for meaning resolution to the same

degree?
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Based on the results of the lexical decision task and the self-paced listening task, L2
listeners utilize different kinds of contextual information to a different extent. L2
listeners, akin to L1 listeners, experience the strongest context effects in the syntactic and
semantic conditions followed by the morphological condition, although L2 listeners can
successfully generate morphological predictions and rely on them during online speech
comprehension, as demonstrated by the ERP experiment. Such findings appear to be at
odds with some existing SLA theories. For example, according to the shallow structure
hypothesis, L2 speakers’ representations lack syntactic specification and abstract
configurationally determined elements (Clahsen and Felser, 2006a, 2006b; Felser et al.,
2003; Papadopoulou and Clahsen, 2003), which forces them to rely on lexical-semantic
and pragmatic knowledge and underuse morphosyntactic and inflectional information.
Our findings cast doubt on the existing ideas about L2 listeners’ use of contextual
heuristics and highlight the importance of including the grammatical (morphological)
level of analysis in the existing models of second language speech comprehension.
RQ 5. What is the time course of integration of phonological information with
higherorder contextual informatiom L2?

The time course of when phonological information interacts with higher-order contextual
information was examined on the example of morphologically constraining context using
EEG method, which is known to have high temporal resolution. Phonetic deviation (the
uniqueness point) in the target words used in the experiment corresponds to word offset,
but because of the substantial initial phonological overlap in target contextually
congruent and incongruent words and thanks to the predictive nature of the contextual

constraints, the subjects are expected to have been able to identify target words before
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they reach the end of the word. In case of the phonological mismatch, the subjects realize
that the actual target does not match their contextually facilitated expectations—this is
the point when phonological information is in conflict with contextual information. Such
conflict presumably happens after the subjects have already selected a potential lexical
candidate, and should therefore reflect reanalysis, repair, or integration processes. In the
ERP literature, these processes are predominantly considered to correspond to the time
window of the P600 component (Friederici, 1995; Hagooret al, 1993; Osterhout and
Holcomb, 1992)The ERP data supports our speculations. When target words included a
phonological mismatch with the morphological expectations, a P600 response was
observed in both L1 and L2 listeners. For waveformgime-lockedto word onsetsa P600
effect was delayecditime, possibly due to the modality (auditory, not visual) of stimuli
presentationThe average duratioof the target word# the critical condition was 780
ms, and the positivitystarted to emerge around 800.nfslasted for about 500 ms,
peaking arond 1000 msWhenthe samavaveforms werdime-lockedto word offsetsa
positive deflection emerged as early as 100 msadswl spread over a 500s latency
window. This suggests that as soon aslifieners reached wordsO uniqueness point and
discovereda phonological mismatch, the parser experienced difficulty integrating the
target word with the preceding context and invoked a rechecking procedure, after which
meaning resolution was accomplished in about 500 ms.
RQ 6. How does auditory sentence progegsompare in L1 and L2 in terms of
the use of contextual information and the temporal aspects of context effects?
Based on the assumptions of the critical period hypothesis for language acquisition

(Johnson and Newport, 1989), knowledge of the L2 acquired after puberty is represented

161



rather differently from that of L1. Across several experiments, we have demonstrated
that, indeed, L2 lexical representations may differ from those in L1 in that they may lack
phonological specification and detail. However, we have also obtained behavioral and
electrophysiological evidence showing that, despite subtle differences, the mechanisms
associated with top-down processing and the use of contextual information for meaning
resolution in auditory sentence comprehension are essentially the same in the L1 and the
L2. Thus, our findings suggest that there are more similarities than differences between

L1 and L2auditory sentence processing.

6.2 Theoreticaland practicaimplications

The present dissertation work provides the first comprehensive psycholinguistic
analysis of how ambiguous phonological representations in the L2 affect L2 speakers’
word recognition and auditory sentence comprehension, and how L2 speakers can
potentially cope with such difficulties. The outcome of this work has widespread
theoretical implications, including elucidating the mechanisms employed by L1 and L2
listeners during auditory speech comprehension to characterize the difficulties that L2
listeners face when processing phonologically ambiguous input. The findings challenge
existing views regarding L2 speakers’ ability to use contextual information in a predictive
manner to resolve meaning and suggest the need to reconsider some of the common
assumptions regarding L2 competence. Current models of spoken word recognition and
speech comprehension, for example, should be revised to accommodate L2 data. Such
attempts have already started to emerge (see, for example, the Second Language Lexical
Access Model (SLLAM) in Cook (2012), which incorporates L2 specific factors, such as

the underspecification of phonological representations and the proficiency-defined size of
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the mental lexicon). It is our hope that the results of the present study will also provide
new insights into the role of phonology for speech comprehension and the ways it
interacts with higher-order information coming from semantic, syntactic and
morphosyntactic levels of analysis during real-time auditory processing.

This study has significant implications for pedagogical practices. Understanding
speech is a critical component of communication. The importance of listening skills and
the difficulty involved in listening to continuous speech have been acknowledged in all
current L2 methodologies and textbooks, but listening comprehension has received
relatively little attention in second language and classroom research. Our findings can
inform educators about potentially difficult areas in L2 listening comprehension through
identifying L1-L2 similarities and differences. More importantly, knowledge about how
L2 learners can compensate for such difficulties (e.g., which contextual cues they
routinely employ or underuse) can become a stepping-stone on their path to improve their

linguistic competency.

6.3 Limitationsand future research

We would like to acknowledge that although the present dissertation study
provides some new insights into the problem of phonolexical ambiguity and context
effects on meaning resolution in the L2, it is not devoid of limitations. First, there are
methodological limitations associated with materials design due to a limited number of
minimal pairs that exist in any given language. This imposes unavoidable restrictions on
matching target words along certain parameters across different conditions (e.g., word

class, word frequency, perceptual saliency).
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Second, the results that we have described in this dissertation were obtained from
very proficient L2 speakers. Because performance of L2 speakers is strongly mediated by
their proficiency level, this raises the question of generalizability of the findings. Will L2
speakers with lower proficiency utilize contextual constraints with a similar success?
Will their use of different contextual information also differ from highly proficient L2
speakers? It is possible that context effects change with changing proficiency, and that L2
speakers with lower proficiency favor semantic contextual cues over structural ones for
meaning comprehension (in accordance with previous SLA literature). Examining
performance of L2 speakers with different language proficiency will provide a more
complete picture and a better understanding of how bottom-up and top-down mechanisms
develop and change across various proficiency levels.

Finally, this dissertation work examines a selected set of contextual constraints
and target features, and it remains to be seen whether the findings can be generalized to
other kinds of contexts, phonological contrasts, and to L2 speakers with other L1-L2
combinations before any firm conclusions can be made.

We hope that the results of this study will not only inform current theories of
speech perception and comprehension, but will also “open a window” into a new line of
future research towards the study of phonology at the sentential level, which can
potentially yield interesting findings and provide a more comprehensive picture of L2

auditory processing.
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Appendices

APPENDIX A. Target words in the lexical decision task in context.

%) (]
11 NI Slsflzl 2 |, e
S| 5 £ = 2 £ 3 < B 3 ot o 5
@ g e E || 38| 28 |4 2| A e
O R - & & &
obsceni
"0 ty 3 11.27 375 |t congruent | N | Nom/Acc
MN7 court 3 301.02 90.97 | t congruent | N | Nom/Acc
9EM) gesture | 4 41.68 13.77 | t congruent | N | Nom/Acc
6837 fruit 4 54.58 11.86 |t congruent | N | Nom/Acc
plaid,
68E7 throw 4 4.87 220 |t congruent | N | Nom/Acc
angle,
N+38 corner |4 199.47 53.71 | 1 congruent | N | Nom/Acc
"E8 chalk 3 9.53 294 |1 congruent | N | Nom/Acc
heat,
6B8 ardor 3 7.83 319 |1 congruent | N | Nom/Acc
"O* mother | 3 227.84 | 21490 |t confusable | N | Nom/Acc
essence
MN)* ,point | 3 84.65 5544 |t confusable | N | Nom/Acc
OEM)* tin 4 3.55 0.88 | t confusable | N | Nom/Acc
_ | o | 683)* flesh 4 28.56 12.38 | t confusable | N | Nom/Acc
§ g 68E)* whip 4 9.72 147 |t confusable | N | Nom/Acc
S coal |4 | 1335| 1039 |1 | confusable | N | Nom/Acc
shallo
"E8* w place | 3 6.33 2.19 |1 confusable | N | Nom/Acc
6B8* dust 3 65.28 29.99 | 1 confusable | N | Nom/Acc
+(, gas 3 77.08 22.18 unrelated | N | Nom/Acc
139 knife 3 62.96 23.55 unrelated | N | Nom/Acc
3.E7 dinner | 4 129.48 40.71 unrelated | N | Nom/Acc
N/34 lesson | 4 71.86 19.59 unrelated | N | Nom/Acc
LOE) color 4 180.70 44.90 unrelated | N | Nom/Acc
mushro
+/2. om 4 30.86 4.25 unrelated | N | Nom/Acc
OEM weight | 3 68.57 24.71 unrelated | N | Nom/Acc
8E7 ice 3 69.14 26.98 unrelated | N | Nom/Acc
" (- 3 nonce
NN/ 3 nonce
OE/4 4 nonce
683/ 4 nonce
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68E4 4 nonce
N+(4 4 nonce
"E6 3 nonce
6B4 3 nonce
/(0 brother | 4 317.49 | 126.90 congruent | N | Nom/Acc
.(8E) ballet 5 16.06 5.68 congruent | N | Nom/Acc
.28E) ticket 5 60.89 23.52 congruent | N | Nom/Acc
grandfa
TE7 ther 3 93.23 67.53 congruent | N | Nom/Acc
E8 ate 3 196.33 21.34 congruent | V | Vpast
1016.5
7(8 gave 3 2| 125.32 congruent | V | Vpast
6/2.B8 arrived | 6 94.39 28.62 congruent | V | Vpast
1580.4
(8 became | 4 2 | 449.48 congruent | V | Vpast
J0* to take | 4 228.80 45.61 confusable | V | Vinf
to be
.38E)* sick 5 96.11 5.42 confusable | V | Vinf
to
.E8E)* whiten 11.78 0.33 confusable | V| Vinf
7E)* to put 10.08 1.84 confusable | V | Vinf
E8* fir tree 30.16 2.87 confusable | N | Nom/Acc
distanc
2 | 7(8 e 3 97.14 11.95 confusable | N | Nom/Acc
é 6/2.B8* income | 6 45.42 14.18 confusable | N | Nom/Acc
& | M)(8* steel 4 271.18 7.36 confusable | N | Nom/Acc
downw A
012, ard 4 99.90 99.63 unrelated dv
farawa A
07(82 y 5 29.63 29.63 unrelated | dv
not at A
12AN)* all 5 16.62 16.60 unrelated | dv
betwee Pr
"E9 n 3 27.21 27.12 unrelated e
outside Pr
01E of 3 64.61 64.26 unrelated e
A
AN)* hardly |3 215.00 | 214.84 unrelated | dv
to the A
06/(03 right 6 17.14 16.78 unrelated | dv
A
0130* again 4 119.59 | 119.57 unrelated | dv
S 4 nonce
-(8E/ 5 nonce
. 28EM 5 nonce
TEM 3 nonce
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E4 3 nonce
7(- 3 nonce
6/2.BM 6 nonce
W (5 4 nonce
2115.3
+303/2) speaks | 7 6| 476.28 congruent | V | V3sing
+3)302) cooks |7 58.99 8.60 congruent | V | V3sing
goes
(bya
vehicle
E,72) ) 6 99.27 8.24 congruent | V | V3sing
A2M)2) cleans | 6 16.55 1.66 congruent | V | V3sing
,0312) calls 6 66.63 10.31 congruent | V | V3sing
remem
63°12) bers 6 322.68 20.35 congruent | V | V3sing
M) (02) puts 6 127.06 24.71 congruent | V | V3sing
W7/32) builds | 6 81.79 7.91 congruent | V | V3sing
to 2115.3
+303/2)* speak | 7 6| 272.10 confusable | V | Vinf
+3)302)* to cook | 7 58.99 14.45 confusable | V | Vinf
to go
(bya
_ vehicle
_E:; E,72)* ) 6 99.27 23.31 confusable Vinf
o0 to
2 | A2n)2)* clean 6 16.55 5.74 confusable | V | Vinf
£,0312)* |tocall |6 | 66.63] 1222 confusable | V| Vinf
= to
remem
63" 12)* ber 6 322.68 23.73 confusable | V| Vinf
M) (02)* to put 6 127.06 28.52 confusable | V | Vinf
M)/32)* to build | 6 81.79 32.03 confusable | V | Vinf
2115.3
+303/2" speak | 7 6 21.49 unrelated |V | V2pl
+3)302* cook 7 58.99 1.53 unrelated |V | V2pl
go (by
vehicle
E, 727 ) 6 99.27 1.26 unrelated |V | V2pl
A2M)2*" clean 6 16.55 0.26 unrelated |V | V2pl
,0312* call 6 66.63 0.41 unrelated |V | V2pl
remem
63"12" ber 6 322.68 4.60 unrelated |V | V2pl
M) (02 put 6 127.06 3.08 unrelated |V | V2pl
w/32* build 6 81.79 2.48 unrelated |V | V2pl
+(0(/24 7 nonce
+()302M 7 nonce
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E,72- 6 nonce
A2M)26 6 nonce
,0312/ 6 nonce
63" 12\ 6 nonce
W) (027 6 nonce
M)/32M 6 nonce
5/(" temple | 4 87.91 28.69 congruent | N | Nom/Acc
0/(A doctor | 4 139.63 39.90 congruent | N | Nom/Acc
elepha
M831 nt 4 21.39 6.09 congruent | N | Nom/Acc
M31 dream |3 171.53 58.66 congruent | N | Nom/Acc
63) sweat 3 32.47 14.18 congruent | N | Nom/Acc
M)25 poem 4 162.57 11.48 congruent | N | Nom/Acc
.34 side 3 85.96 27.34 congruent | N | Nom/Acc
X)(9 floor 4 76.13 21.13 congruent | N | Nom/Acc
5/(6 snoring | 4 4.45 2.74 confusable | N | Nom/Acc
0/ (+ enemy |4 148.75 | 26.77 confusable | N | Nom/Acc
syllabl
M83+ e 4 13.91 4.20 confusable | N | Nom/Acc
N34 juice 3 31.62 10.97 confusable | N | Nom/Acc
gender,
638 floor 3 210.63 74.95 confusable | N | Nom/Acc
M)28* style 4 63.95 22.29 confusable | N | Nom/Acc
S f_,;’ .38* pain 3 96.60 40.75 confusable | N | Nom/Acc
g g [ X)(6 stage 4 61.29 | 1645 confusable | N | Nom/Acc
O\ & | 738+ debt 4 106.65 38.26 unrelated | N | Nom/Acc
04NM taste 4 79.53 29.43 unrelated | N | Nom/Acc
48 A key 4 70.17 30.70 unrelated | N | Nom/Acc
circle,
<(/ balloon | 3 50.13 17.45 unrelated | N | Nom/Acc
431* horse 3 97.99 17.36 unrelated | N | Nom/Acc
belt,
63:M waist 4 41.18 17.02 unrelated | N | Nom/Acc
8SNA ray 3 75.49 16.13 unrelated | N | Nom/Acc
raincoa
68(D t 4 23.36 9.69 unrelated | N | Nom/Acc
5/(4 4 nonce
0/(/ 4 nonce
M83A 4 nonce
M3< 3 nonce
634 3 nonce
M)26 4 nonce
-3A 3 nonce
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N/ 4 nonce
NMGES success | 5 156.25 46.13 congruent | N | N
marria
ge,
J(4 defect | 4 59.51 2441 congruent | N | N
classro
48 (MM om 4 177.62 40.96 congruent | N | N
<34 shock |3 8.04 3.57 congruent | N | N
92/ grease | 3 21.62 4.76 congruent |N | N
"B<* mouse | 3 31.33 8.57 congruent | N | N
62/ feast 3 17.96 8.07 congruent |N | N
+/E5 sin 4 98.90 | 38.42 congruent | N | N
manag
ed in
NMGES time 5 203.30 88.52 confusable | V | Vpast
/(8 took 4 228.80 26.41 confusable | V| Vpast
48(8 put 4 45.48 4.55 confusable | V | Vpast
1048.9
<Y8 walked | 3 51 133.69 confusable | V | Vpast
928 lived 3 816.81 | 105.99 confusable | V | Vpast
"B8 washed | 3 107.47 2.14 confusable | V | Vpast
o | 628 drank 3 211.46 33.01 confusable | V | Vpast
g +/E8 heated | 4 12.68 0.89 confusable | V | Vpast
§ to the A
“»2 | 08EO3 left 5 17.14 16.83 unrelated | dv
A
6/3A* away 4 33.49 33.84 unrelated | dv
A
:013 clearly | 4 69.92 69.84 unrelated | dv
A
ESE barely |3 29.70 29.65 unrelated | dv
A
A invain | 3 40.24 40.02 unrelated | dv
A
031 there 3 97.26 97.01 unrelated | dv
Pr
"2"3 past 4 126.27 | 126.21 unrelated | ep
Pr
0738* along 4 74.99 74.98 unrelated | ep
NMG T, nonce
J(- nonce
48(5 nonce
<3"* nonce
925 nonce
"B/* nonce
62— nonce
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+/EL nonce
8;.2" love 5 665.27 12.71 congruent |V | V2pl
2559.2
MA(OE" tell 6 1 58.55 congruent | V | V2pl
/(.3)(E" work 9 44891 7.02 congruent |V | V2pl
IN"(E" think 7 822.49 10.24 congruent |V | V2pl
1173.9
0272" see 5 1 45.15 congruent |V | V2pl
M272* sit 5 575.83 10.91 congruent |V | V2pl
A2)(E*" read 7 337.83 7.94 congruent |V | V2pl
M7E8(E" do 8 761.56 12.11 congruent |V | V2pl
8;.2<* love 5 665.27 20.25 confusable | V | V2sing
2559.2
M4(9QE<* tell 6 1 23.49 confusable | V | V2sing
/(.3)(E<* | work 9 448 91 4.01 confusable | V | V2sing
IN® (E<* think 7 822.49 46.16 confusable | V| V2sing
1173.9
0272<* see 5 1 65.12 confusable | V | V2sing
s | M272<* sit 5 575.83 8.18 confusable | V | V2sing
E;” A2)(E<* read 7 337.83 5.57 confusable | V | V2sing
% M7E8(E<* | do 8 761.56 8.25 confusable | V | V2sing
g 18;5.2) love 5 665.27 89.87 unrelated |V | V3sing
= 2559.2
M4(9E) tell 6 1 52.78 unrelated | V | V3sing
/(-3)(B) work 9 44891 66.58 unrelated | V | V3sing
7N*" (E) think 7 822.49 56.50 unrelated | V | V3sing
1173.9
0272) see 5 1 73.37 unrelated | V | V3sing
N272) sit 5 575.83 77.64 unrelated |V | V3sing
A2)(E) read 7 337.83 26.28 unrelated | V | V3sing
M7EB(E) do 8 761.56 24.03 unrelated | V | V3sing
8Z .24 nonce
MA[OE/ nonce
/(.F)(E4 nonce
7T" (E8 nonce
0372/ nonce
M27JM nonce
A2)[E/ nonce
M718(E/ nonce
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APPENDIX B. Participants’ mean error rate and reaction time in the lexical decision

task.

A. Error rate

Condition Language Semantic Morphological Syntactic
Constraining Neutral Constraining Neutral Constraining Neutral
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
CRITICAL
Congruent L1 0.010 0.010 0.016 0.009 0.010 0.010 0.005 0.005 0.010 0.010 0.031 0.011
L2 0.074 0.027 0.092 0.015 0.000 0 0.004 0.004 0.059 0.018 0.044 0.013
Confusable L1 0.115 0.045 0.016 0.009 0.094 0.029 0.005 0.005 0.354 0.040 0.031 0.011
L2 0.118 0.034 0.092 0.015 0.015 0.010 0.004 0.004 0.125 0.024 0.044 0.013
Unrelated L1 0.094 0.039 0.010 0.010 0.042 0.025 0 0 0.188 0.055 0.042 0.018
L2 0.074 0.031 0.015 0.010 0.096 0.040 0.015 0.010 0.272 0.049 0.176 0.034
Nonce L1 0.042 0.033 0.021 0.014 0.094 0.036 0.063 0.043 0.021 0.014 0.146 0.042
L2 0.044 0.017 0.074 0.022 0.059 0.021 0.051 0.021 0.022 0.012 0.037 0.015
CONTROL
Congruent L1 0 0 0.005 0.005 0 0 0 0 0 0 0.026 0.011
L2 0.044 0.017 0.110 0.020 0 0 0.004 0.004 0.044 0.020 0.077 0.012
Confusable L1 0.156 0.045 0.005 0.005 0.104 0.037 0 0.000 0.417 0.049 0.026 0.011
L2 0.287 0.044 0.110 0.020 0.176 0.040 0.004 0.004 0.463 0.053 0.077 0.012
Unrelaed L1 0.135 0.050 0.010 0.010 0.083 0.036 0.031 0.017 0.188 0.057 0.010 0.01C
L2 0.147 0.034 0.081 0.025 0.088 0.038 0 0 0.199 0.043 0.074 0.02C
Nonce L1 0.063 0.043 0.083 0.036 0.094 0.045 0.063 0.043 0.063 0.034 0.115 0.05C
L2 0.051 0.018 0.044 0.020 0.088 0.030 0.066 0.022 0.096 0.024 0.125 0.026
B. Reaction time
Condition  Language Semantic Morphological Syntactic
Constraining Neutral Constraining Neutral Constraining Neutral
Mean SE  Mean SE Mean SE Mean SE Mean SE  Mean SE
CRITICAL
Congruent L1 1165.6  63.1 1173.4 572 1260.7 53.6 13555 75.1 12243 624 13065 642
L2 1289.0 57.4 12299 522 1241.0 43.3 12337 297 12239 537 12328 344
Confusable L1 1397.9 799 11734 572 1401.7 79.7 13555 75.1 1625.6 86.6 1306.5 642
L2 1207.6  54.0 12299 522 13053 39.5 12337 29.7 13182 509 12328 344
Unrelated L1 13424 1304 11202 65.1 1384.1 71.0 1408.7 89.2 1530.2 124.8 13642 103.2
L2 1332.0 57.5 1196.0 385 1428.7 56.7 1306.0 373 1431.1 48.6 13440 40.6
Nonce L1 1357.8 572 1440.7 783 15849 669 17204 107.7 13764 56.0 1531.0 78.0
L2 1295.8 56.1 13157 61.5 1512.0 559 15764 789 1314.7 534 14159 612
CONTROL
Congruent L1 1043.5 441 12535 724 13977 86.3 13413 558 1168.0 86.0 1201.8 582
L2 1201.1  50.1 12264 38.0 1260.1 384 1371.0 35.1 1232.6 545 1246.5 37.0
Confusable L1 1271.5  71.1 12535 724 14649 79.5 13413 55.8 1403.3 83.0 1201.8 582
L2 1416.7 733 12264 38.0 1489.1 67.1 1371.0 35.1 1570.6 69.2 1246.5 37.0
Unrelated L1 1217.3  50.4 1307.7 952 14935 107.3 13682 76.0 1419.6 92.0 1206.0 50.6
L2 1334.6  60.0 1239.8 43.6 14705 463 1362.8 455 14912 63.0 12833 512
Nonce L1 1345.5 663 14169 71.6 1662.6 573 15889 65.0 1422.0 857 14872 894
L2 1298.7 63.1 14054 55.0 15353 552 1531.2 452 1460.2 89.8 13923 734

Note: SE = standarérror
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APPENDIX C. Stimulus items in the translation judgment task.

Critical:

1) Semantic

"(O*—" (), IN)*—NMN7, OEM)*—9EM), 683)*—6837, 68E)*—68E7, N+38*—N+38,
"E8*—"E8, 6B8*—6B8

i1) Morphological

+303/2)*—+303/2), +3)302)*—+3)302), E,72)*—E,72), A2M)2)*—A2M)2), ,0312)*—
,0312), 63712)*—63"12), M)(02)*—M)(02), M)/32)*—M)/32)

ii1) Syntactic

J(0O*—./(), -38E)*—_(8E), .EBE)*—_28E), 7TE)*—TE7, E8*—E8, 7(8*—7(8,
6/2.B8*—6/2.B8, M)(8*—M)(8

Control:

1) Semantic

5/("—5/(6, 0/(A—0/(+, M831—M83+, M31—M34, 63)—638, M)25—M)28*, 34— _38*%,
X)(9—X)(6

i1) Morphological

8;.2<*—8;.2%, MA(9E<*—M4(OE", /(.3)(E<*—/(.3)(E", TN" (E<*—TN"(E",
0272<*—0272" ,M272<*—M272", A2) (E<*—A2)(E", M7TEB(E<*—M7E8(E"

ii1) Syntactic

NM6E5—NM6EES, ./(4—./(8, 48(MM—48(8, <34—<Y8, 92/—928, "B<*—"B8, 62/—
628, +/E5—+/E8

Nonce words:

1) Hard-to-soft

)/N7*, MB1*, 68(1*, 36B)*, 703/*, M3WE7*, M) (4(1*, +3837*, . (8431*, . (8*, M)N8*,
+3/37*

i1) Soft-to-hard

7E1, 70E/, 3+31, "37E8, 6(/E1, 83 .30, 3.NO, ./30, +/N7, +E8, 43/E1, )E1

ii1) Fillers

W/(.,13.,+N4, 413/, 0M)/T*, LE/, M)E), 4(/M, +3A, "21[+,M3.T/, 911731, 81/)(,
68/( "T()14/( -I8*MG /N, O/(" L, 48L"(,821) [, MNSLL)(, ,(438(,
ON/[1(
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APPENDIX D. Experimental sentences in the self-paced listening task.

Semantic condition

1. TA2)E8*12L( 6/2+8(M28( 1( /372)E8*MA3EM3./(12E3)L(2 " O*/* O/+(, "3E+3
8NA<E+3 7/N+(.

2. 05" ()2M) M7E8(8 537 431E" 2 63M)(028 <(52 " ()/" (O)*/+(, SNA<E™N 2+/34N 0
M)/ (1E.

3. \/3-EMM3/ 3.]:M128 1(", 0 AE™ ,(48;A(E)M: MN)*/MN7/8E7 1303C M3L2(8*13C
/E-3/"B.

4. J,0EM)1BC (7034() M30E)NE) 637()* 9(83.N 0 MN7/MN)*/8E7 63 ,(D2)E 6/(0
AEB30E4(.

5.78: 2,+3)308E12: 431ME/01B5 . (134 2M638* ,NE)M: QEM)*/9EM)/+/2. M( " 3+3
0BM343+3 4(AEM)O(.

6. 3,:21737(3)4/B8 70E/*, N8B .1N8M: 2 M7E8(8 9EM)/9EM)*/+/2. /N43C,
6/2+8(<(;D2C 03C)2.

7. "N772M)B N4/E68: ;) M8(.3E )E83 2 1E*3D1N; 683)*/6837/3.E7 M 63"3D*;
,(1:)2C C3+3C.

8. aB 63M(7282 7E/E03, 1(43)3/3" 0B/3M 6837/683)*/3.E7 635392C 1( .38*<3C
(6E8*M21.

9. @3<(7* 1E53)E8( 27)2 63X)3"N 31 0,:8 68E)*/68E7/N/34 0 /N42 2 .38*13 N7(/28
EE.

10. S3+7( EC 5383713, 31( ,(4N)BO(E)M: 0 68E7/68E)*/N/34 2 6*E) +3/:A2C A(C.

11. O(5)E/B 1( 1(<EC <(5)E 73.B0( ;) N+38*/N+38/LOE) 70(7L()* AE)B/E A(M( O
MN)42.

12. a(<21( 1( -38*<3C M43/3M)2 0/E, (8(M* O N+38/N+38*/LOE) 73" ( 1( ?(7303C
N82LE.

13. b3MM2CM42C 03E11BC 43/(.8* MES 1( "E8*/"E8/OEM 1E7(8E43 3) .E/E+30
c3/0E+22.

14. TAE124 6373<E8 4 73M4E, 0,:8 “E8/"E8*/0EM 0 /N42 2 1(62M(8 6/E7839E12E.

15. ME7N<4( 0,:8 412+N M 63842 2 M7N8 6B8*/6B8/139 M3 M)(/B5 639E8)E0<25
M)/ (12L.

16. ?4NAL(: 2+/( —N).382M)30 358(728( 6B8/6B8*/139 .38E8*D2430 3.E25 43" (17.

Syntactic condition

17. cEM®3)/: 1( N+303/B, 6382LECM42C 1E 53)E8 ./()*/./()/012, 7TE1*+2
(/EM)30(11B5 6/EM)N612430.

18. H " (8E1*43C 40(/)2/E 1(0)3/3" X)(9E 920E) ./()/./()*/012, OEB243+3
/NMM43+3 62M()ES8:.

19. H 63M8E71EE O/E": 8;72M)(82 .38E)*/.(8E)/07(82 1("13+3 A(DE, AE™ /(1*<E.

20. c( MBE7N ; D25 0B5371B5 7/N,*: 27N) M*3)/E)* .(8E)/.38E)*/07(82 2,0EM)13+3
—/(1LN,M43+3 53/E3+/(-(.

21.\34( "B 634(,B0(82 -3)3+/(-22, E+3 82L3 1(A(83 .E8E)*/.28E)/12AN)* 3)
,83M)2 2 1EM4/BO(E"3C ,(02M)2.

22.2)(/24M /(,7/(9EL12E" 73M)(8 2, 4(/ " (1( -28E)/.E8E)*/12AN)* 1( (0)3_.NM 2
6/3):1N8 E+3 431)/38E/N.
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23.

24.
25.
26.
27.
28.
29.

30.

31.

32.

\E)2 0B/3N82, 2 /372)E82 1E ,1(;), 4N7( 7E)*/7E7/"E9 M)(/BE 1EIN91BE
2+/N<42.

aB 03<82 043" 1N, 0 43)3/3C M6(8 7E7/7E)*/"E9Q 1( M)(/3™ 63)E/)3™ 720(1E.
H 6(/4E ,( ,7(12E" <438B /(M)E) E8*/E8/01E OBM3)3C 6:)*7EM:) "E)/30.
S3+7(+3M)2 ,(<82 073", 53,:21 EB/E8*/01E 62/3+2 2 ,(620(8 25 "38343".
S(62)(1 M27E8 1( -E/E+N 2 M™3)/E8 0 7(8*/7(8/AN)* )E " 13+3 13A13+3 34E(L(.
bE.E134 NOE M83 ™ (8 )ESE-31, 43)3/BC )B 7(8/7(8*/AN)* E"N 0AE/( 632+/()*.
~(142/ /(WM4(, (8 /E.:)(", 4(4 638NA2)* 6/2.B8*/6/2.B8/06/(03 3) .2,1EM(M
1(27E1*<2" /2M43".

H,038130(11BC M387() 3.]:028, A)3 +E1E/(8 6/2.B8/6/2.B8*/06/(03 1( 034,(8
/(13N)/3".

?)32"3M)* " (<21 .N7E) ,(02ME)* 3) LEAB 1( M)(8*/M)(8/0130* 0 .829(C<2E
6:)* 8E).

\3V8E 3431A(12: "E72L21M43+3 21M)2)N)( =3C MB1 M) (8/M)(8*/0130* 2,0EM)1B
52/N/+3*" 0 +3/37E.

Morphological condition

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43
44,

45.

46.

47.

CEM®3)/: 1(/(MN6/3MB, "NOA21( 1E 53AE) +303/2)*/+303/2)/+303/2" 6/(07N 3
)3",A)36/32,3<83.

F721 6/3-EMM3/ 0 1(<E™ N120E/M2)E)E +303/2)/+303/2)*/+303/2" 1( 7EM:)2
213M)/(11BS5 :,B4(5.

NEON<4( " 3E+3 8NA<E+3 7/N+( 8 ; .2) +3)302)*/+3)302)/+3)302 " 130BE .8;7( 2
X4MB6E/2 "E1)2/30()*.

\3 )E8E02,3/N 634(,B0(;), 4(4 ,1("E12)BC (4)E/ +3)302)/+3)302)*/+3)302 "
MO3E 8; -2"3E .8;73.

dEL( "3E+3 M3VE7( 85 .2) E,72)*/E,72)/E, 72" ,( 634N64( "2 M3 M032 "2
637/N+(" 2.

S(973E 8E)3 1(<( "8(7<(: 73A4(E,72)/E,72)*/E, 72" 0 TE/E0L ; 4 .(.N<4EM
TE7TN<43C.

PE"28E)12C MB1 "3EC 637/N+2 1E 87 .2) A2M)2)*/A2M)2)/A2M)2" N.B 6E/E7
M13*.

\34( TETN<4( A2)(E) +(,E)N, . (-N<4( A2M)2)/A2M)2)*/A2M)2 = 4(/)3<4N 78:
MN6( 4 3.E7N.

al: .82,4(: 637/N+( 2, ["E/2428; .2) ,0312)*/,0312)/,0312" 63 OEAE/(" 2
738+3 .38)()*.

S3+7(N ./ (,(4(1A20( ; M: 7E1*+2, 31 3.BA13 ,0312)/,0312)*/,0312"
/372)E8:" 2 6/3M2) 363"3D2.

c(<(M)/(1( OME+7( -N7E) 63"12)*/63"12)/63" 12" X)3) 2M)3/2AEM42C 7E1*.
J,0EM)1BC "N,B4(1) 3AE1* :M1363"12)/63"12)*/63"12" MO3C 6E/0BC
431LE/).

a38373C 6/E637(0()E8* 63 —2,24E 1E 53AE) M)(02)*/M)(02)/M) (02" 68352E
3LE142 NAE124(".

\(6(6/25372) M /(.3)B 2 (44N/ ()13 M)(02)/M)(02)*/M) (02 .3)2142 0 7(8*12C
N+38.

a(8e1*42C /E.E134 1(<25 7/N,EC 83 .2) M)/32)*M)/32)/M)/32" ,("42 2, 6EMA(
1( -E/E+N.
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48. ?2("BC .3+()BC AES30E4 0 " 2/E M)/32)/M)/32)*M)/32" 703/EL 1( .E/E+N 34E(L(.
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APPENDIX E. Target items in the ERP experiment.

A. Critical condition

# Congruent Incongruent future Incongruent past
1 /3N2)* ./3M2) ./3N28

2 0,0EM2)* 0,0EM2) 0,0EM28

3 OM63 ™ 12)* ONM63 ™ 12) OM63 128
4 OM)/E)2)* OM)/E)2) OM)/E)28
5 OB8EA2)* OB8EA2) OB8EA28
6 0B63812)* 0B63812) 0B638128
7 0B6NM)2)* 0B6NM)2) OB6NM)28
8 0B/(,2)* 0B/(,2) 0B/(,28
9 OBM)N62)* O0BM)NG2) OBM)N628
10 O0BNA2)* 0BNA2) OBNA28
11 0B:M12)* 0B:M12) 0B:M128
12 73.(02)* 73.(02) 73.(028
13 730E/2)* 730E/2) 730E/28
14 73M)(02)* 73M)(02) 73M) (028
15 ,(431A2)* ,(431A2) ,(431A28
16 ,(63812)* ,(63812) ,(638128
17 ,(63712)* ,(63712) ,(637128
18 ,(6/E)2)* ,(6/E)2) ,(6/E)28
19 , (W (02)* , (M) (02) , (M) (028
20 ,(D2)2)* ,(D2)2) ,(D2)28
21 2M63812)* 2M63812) 21638128
22 2M6/(02)* 2M6/(02) 2M6/(028
23 1(,1(A2)* 1(,1(A2) 1(,1(A28
24 1(63712)* 1(63712) 1(63"128
25 3.0212)* 3.0212) 3.02128
26 3.1302)* 3.1302) 3.13028
27 3.JE7212)* 3.]E7212) 3.]E72128
28 3.]:M12)* 3.]:M12) 3.]:M128
29 3431A2)* 3431A2) 3431A28
30 3m)(02)* 3m)(02) 3m) (028
31 3MNDEM)02)* 3MNDEM)02) 3MNDEM)028
32 3)0E)2)* 3)0E)2) 3)0E)28
33 3)82A2)* 3)82A2) 3)82A28
34 3)"E)2)* 3)"E)2) 3)"E)28
35 3)6/(02)* 3)6/(02) 3)6/(028
36 3A2M)2)* 3A21)2) 3A2M)28
37 63.E72)* 63.E72) 63.E728
38 630E/2)* 630E/2) 630E/28
39 630EM2)* 630EM2) 630EM28
40 630)3/2)* 630)3/2) 630)3/28
41 630BM2)* 630BM2) 630BM28
42 63+303/2)* 63+303/2) 63+303/28
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43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

63,0312)*
63,7/(02)*
63,1(43"2)*
634/(M2)*
63ME)2)*
63M)(02)*
63M)/32)*
63)/()2)*
63A2M)2)*
6/E7M)(02)*
6/E7N6/E72)*
6/2+8(M2)*
6/2"E12)*
6/2"E/2)*
6/2M3E7212)*
6/2A212)*
6/30E/2)*
6/3M)2)*
/(,82A2)*
/(,/E<2)*
/(W8(.2)*
/E<2)*
/372)*
M.82,2)*
M= :+A2)*
M12,2)*
M3E7212)*
M34/()2)*
M33.D2)*
M3M) (02)*
M35/(12)*
M3A212)*
N_E72)*
NOE82A2)*
N0382)*
N+3M)2)*
N7(82)*
N7(/2)*
N7E82)*
N7202)*
N4/ (M2)*
N"E1*<2)*
N12A)392)*
NM83912)*
NM63432)*
NMB1302)*

63,0312)
63,7/(02)
63,1(4372)
634/(M2)
63ME)2)
63M)(02)
63M)/32)
63)/()2)
63A2M)2)
6/E7M)(02)
6/E7N6/E72)
6/2+8(M2)
6/27E12)
6/27E/2)
6/2M3E7212)
6/2A212)
6/30E/2)
6/31)2)
/(,82A2)
/(,/E<2)
/(MM8(-2)
/E<2)
/372)
M.82,2)
M= :+A2)
N12,2)
M3E7212)
M34/()2)
M33.D2)
M3M) (02)
M35/(12)
M3A212)
N.E72)
NOE82A2)
N0382)
N+3M)2)
N7(82)
N7(/2)
N7E82)
N7202)
N4/ (M2)
N"E1*<?2)
N12A)392)
NNM83912)
NNM63432)
NMB1302)

63,03128
63,7/(028
63,1(43"28
634/(M28
63ME)28
63M) (028
63M)/328
63)/()28
63A2M)28
6/E7M) (028
6/E7N6/E728
6/2+8(M28
6/2"E128
6/2°E/28
6/2M3E72128
6/2A2128
6/30E/28
6/3M)28
/(,82A28
/(,/E<28
/(\MM8(.28
/E<28
/3728
M.82,28
M*® :+A28
M12,28
M3E72128
M34/()28
M33.D28
M3M) (028
M35/(128
M3A2128
N.E728
NOE82A28
N03828
N+3M)28
N7(828
N7(/28
N7E828
N72028
N4/ (M28
N"E1*<28
N12A)3928
NM839128
NM634328
NMB13028
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89 N)3A12)* N)3A12) N)3A128

90 NSN7<2)* NSN7<2) N5N7<28
B. Control condition

# Congruent Incongruent semantic  Incongruent case
1 (7/ENM "E)/ (7/ENN

2 (8*.3" 53837 (8*.3"N
3 -.(+(9 3"8E) .(+(9N
4 -(8E) M(63+ -(BE)N

5 (11 1(/37 -(1(aN

6 .(14 6EM34 - (14N

7 -(MMEC1 68(4() - (MMECIN
8 -E/E+ 430Y/ .E/E4N

9 .28E) 703/ .28E)N
10 ./ (M8E) "(/</N) -/ (MBE)N
11 03,7NS "3"El) 03,7NSN
12 034,(8 6/E7E8 034, (8N
13 03673\ 8(+E/* 036/3MN
14 +(/(9 63204 +(/(SN
15 +383M "3/3, +383MN

16 +3/37 MBE7 +3/37N
17 TEME/) 4(.8N4 TEME/)N
18 720(1 /B134 720(IN
19 72M4 LE1)/ 72M4AN

20 73+303/ 63)3834 73+303/N
21 7397* N33, 7397 ;
22 7348(7 3+N/EL 7348(7N
23 73" B/ 7TF*N

24 9203) ME3M3. 9203)N
25 ON/1(8 AE"37(1 ON/1(8N
26 ,(037 4AN8(4 , (037N
27 ,(0)/(4 (0)3.NM ,(0)/(4N
28 ,(431 OE)E/ , (431N
29 ,(6(5 M30E) ,(6(5N
30 ,1(4 TE1* ,1(4N

31 ,31) 48N. ,31)N

32 48 ; A N/34 48 ; AN

33 4310E/) 637273/ 4310E/)N
34 431LE/) ME4/E) 431LE/)N
35 43/(.8* 0(/2(1) 43/(.8;
36 43M) ; - 503M) 43M) ; °N
37 4/EN) 3)7E8 4/EM)N
38 4/2,2M /34,(4 4/2,2\N
39 AN/N 4/(1 AN/NN

40 4NM) 4/24 ANMN

41 "(+(,21 6/E7"E) " (+(,21N
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42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87

"3+
"N,EC
13"E/
34E(1
36B)
3M)/30
3)0E)
3)6NM4
6(4E)
6(M63/)
68:9
63E,7
639(/
638Y)
63/)/E)
63537
6/2E/
6/3LEMM
/(MV4(,
/EN3/(1
/ELEG)
/3" (1
M(8O)
MOE)
MO2)E/
ME/2(8
M830(/*
M1E+
N63/)
W (4(1
M)38
M)N8
)EQ/
)E4M)
)EL112M
)3/)
IN(8E)
NO21
N/34
NMGES
NAE.124
-(4)
-28*"
58E.
L2/4
<(/-

N+38
.E1,21
0(+31
6E/237
M"E5
6/24(,
0,+8:7
/(,"E/
+03,7*
M("38Y)
LOE)
)/N7
,(6(7
OEAE/
02)("21
3./(,
.34(8
03m)34
/(C31
62M)38E)
4/ (1
63037
(40
)(1EL
M3M) (0
A(C124
6EC, (9
68(A
63/3+
3)7B5
82M)
303D
-/N4)
3)/:7
/N4(0
4/N+
43M* 3M
0537
"3
INT(1
21)E/EM
/3W)
N7(/
0383M
/N.8*
+8(,

"3,
"N,E;
13"E/N
34E(IN
36B)N
3M)/30N
3)0E)N
3)6NMAN
6 (4E)N
6(M63/)N
68:9N
63E, 7N
639(/N
638Y)N
63/)/E)N
63537N
6/2"E/N
6/3LEMMN
/(MW4(,N
JEN3/(IN
/ELEG)N
/37 (1N
M(8(ON
MOE)N
MO2)E/N
ME/2(8N
M830(/ ;
ML1E+N
M63/)N
M) (4(IN
M)38N
MN8N
JEO/N
YEAM)N
)EL12MN
)3/)N
IN(8EXN
NO921N
N/34N
NMGESN
NAE. 124N
-(4HN
—28*"N
58E.N
L2/4N
<(/-N

179



88 X4, ("E1 6/3LEL) X4, ("EIN
89 X)(9 3/+(1 X)(ON
90 - B4 431EL - BN

1R0



Bibliography

Allen, M., Badecker, W., Osterhout, L. (2003). Morphological analysis in sentence
processing. An ERP study. Language and Cognitive Processes, 4B—430.

Allopenna, P. D., Magnuson, J. S., & Tanenhaus, M. K. (1998). Tracking the time course
of spoken word recognition using eye movements: evidence for continuous mapping
models. Journal of Memory and Language, 389-39.

Altmann, G. T. (1997). The ascent oBabel: An exploration of language, mind, and
understandingOxford: Oxford University Press.

Andruski, J. E., Blumstein, S. E., & Burton, M. (1994). The effect of subphonetic
differences on lexical access. Cognition, 52,163—-187.

Ardal, S., Donald, M. W., Neuter, R., Muldrew, S., & Luce, M. (1990). Brain responses
to semantic incongruity in bilinguals. Brain and Language, 3987-205.

Aslin, R. N., Jusczyk, P. W., & Pisoni, D. B. (1998). Speech and auditory processing
during infancy: Constraints on and precursors to language. In D. Kuhn and R. Siegler
(Eds.), Handbook of child psychology: Vol. 2. Cognition, perception, and language
(pp- 147-254). New York: Wiley.

Baayen, H., Dijkstra, T., & Schreuder, R. (1997). Singulars and plurals in Dutch:
Evidence for a parallel dual-route model. Journal of Memory and Language,,33—
117.

Baker, L. (1985). How do we know when we don’t understand? Standards for evaluating
text comprehension. In D. L. Forrest-Pressley, G. E. MacKinnon, and T. G. Waller
(Eds.), Metacognition, cognition, and human performaripp. 155-205). Orlando,

FL: Academic Press.

1R1



Bates, D., & Maechler, M. (2010). Ime4: Linear mixegffects models using S4 clasdes.

package version 0.999375-37, http://CRAN.R-project.org/package=Ime4

Berne, J. E. (2004). Listening comprehension strategies: A review of the literature.
Foreign Language Annals, 8%, 521-533.

Best, C. T. (1995). A direct realist view of cross-language speech perception. In W.
Strange (Ed.), Speech perception and linguistic experience. Theoretical and
methodological issues in cretanguage researchpp.171-203). Timonium, MD:
York Press.

Best, C. T., & Tyler, M. D. (2007). Nonnative and second-language speech perception:
Commonalities and complementarities. In O.-S. Bohn and M. J. Munro (Eds.),
Language experience and second language speech learning: In honor of James Emil
Flege(pp. 12-34). Amsterdam/Philadelphia: John Benjamins.

Block, E. L. (1992). See how they read: Comprehension monitoring of L1 and L2
readers. TESOL, 2Q62), 319-343.

Boersma, P., & Weenink, D. (2010). Praat: Doing phonetics by computer. computer

program, version 4.5.16, www.praat.org

Bondarko, L. (2005). Phonetic and phonological aspects of the opposition of “soft” and
“hard” consonants in the modern Russian language. Speech Communicatipa7, 7—
14.

Bosch, L., Costa, A., & Sebastian- Gallés, N. (2000). First and second language vowel
perception in early bilinguals. European Journal of Cognitive Psychology, 189—

222.

1R2



Bradlow, A. R., & Bent, T. (2002). The clear speech effect for non-native listeners.
Journal of the Acoustical Society of America, 2I12-284.

Brainard, D. H. (1997). The Psychophysics Toolbox, SpatialVision, 1Q 443-446.

Broersma, M. (2002). Comprehension of non-native speech: Inaccurate phoneme
processing and activation of lexical competitors. In J. H. L. Hansen and B. Pellom
(Eds.), Proceedings of the 7th International Conference on Spoken Language
Processing(pp. 261— 264). Boulder, CO: University of Colorado, Center for Spoken
Language Research.

Broersma, M. (2005). Phonetic and lexical processing in a second languadjel Series
in Psycholinguistics No.34). Doctoral dissertation, Radboud University, Nijmegen,
The Netherlands.

Broersma, M., & Cutler, A. (2008). Phantom word activation in L2. System, 3@2-34.

Broersma, M., & Cutler, A. (2011). Competition dynamics of second-language listening.
The Quarterly Journal of Experimental Psychology1§6474-95.

Brown, C. M., Hagoort, P., & Ter Keurs, M. (1999). Electrophysiological signatures of
visual lexical processing: Open- and closed-class words. Journal of Cognitive
Neuroscience, 13), 261-281.

Caramazza, A., & Hillis, A. E. (1991). Lexical organization of nouns and verbs in the
brain. Nature, 349788!790.

Carrasco, C. & Frenck-Mestre, C. (2009). Phonology helps in processing grammatical
gender: ERP evidence from L1 and L2 French. 22cd Annual CUNY Conference on

Human Sentence Processifgyvis, USA, 26-28 March.

1R3



Cervera, T., & Gonzalez-Alvarez, J. (2011). Test of Spanish sentences to measure speech
intelligibility in noise conditions. Behavioral Research, 4359-467.

Chow, W. Y. (2013). The temporal dimension of linguistic predictioPoctoral
Dissertation, University of Maryland.

Chrabaszcz, A., and Gor, K. (In press). Context effects in the processing of phonolexical
ambiguity in L2. Language Learning

Clahsen, H., & Felser, C. (2006a) Continuity and shallow structures in language
processing: a reply to our commentators. Applied Psycholinguistics, 2707-126.

Clahsen, H., & Felser, C. (2006b) Grammatical processing in language learners. Applied
Psycholinguistics, 2B3-42.

Clahsen, H., Balkhair, L., Schutter, J. S., & Cunnings, 1. (2013). The time course of
morphological processing in a second language. Second Language Research(139
7-31.

Clahsen, H., Sonnenstuhl, 1., Blevins, J. P. (2003). Derivational morphology in the
German mental lexicon: a dual mechanism account. In: Baayen, H., Schreuder, R.
(Eds.), Morphological Structure in Language ProcessiMputon de Gruyter, Berlin,
pp. 125-155.

Connine, C. M. (1987) Constraints on interactive processes in auditory word recognition:
the role of sentence context. Journal of Memory and Language,,2@7-38.

Connine, C. M., Blasko, D. G., & Titone, D. (1993). Do the beginnings of spoken words
have a special status in auditory word recognition? Journal of Memory and

Language, 32193-210.

1R4



Connine, C. M., Blasko, D., & Hall, M. (1991) Effects of subsequent sentence context in
auditory word recognition: Temporal and linguistic constraints. Journal of Memory
and Language, 3@34-50.

Connolly, J. F., & Phillips, N. A. (1994). Event-related potential components reflect
phonological and semantic processing of the terminal word of spoken sentences.
Journal of Cognitive Neuroscience,,6-266.

Cook, S. (2012). Phonological form in L2 lexical access: friend or fo®dctoral
Dissertation, University of Maryland.

Cook, S., & Gor, K. (2012). How fine-grained are phonological representations of lexical
entries in L2 mental lexicon? 31* Annual Second Language Research Forum,
Pittsburg, PA.

Coulson, S., King, J. W., & Kutas, M. (1998). Expect the unexpected: Event-related brain
response to morphosyntactic violations. Language and Cognitive Processes, AB-
58.

Craig, C, Kim, B., Rhyner, P., & Chirillo, T. (1993). Effects of word predictability, child
development and aging on time-gated speech recognition performance. Journal of
Speech and Hearing Research, &®-841.

Cutler, A. (1989). Auditory lexical access: Where do we start? In W. D. Marslen-Wilson
(Ed.), Lexical representation and proce$®. 342-357), Cambridge, MA: MIT Press.

Cutler, A., Garcia Lecumberri, M. L., & Cooke, M. (2008). Consonant identification in
noise by native and non-native listeners: effects of local context. Journal of the

AcousticalSociety of America, 124264-1268.

1R5



Cutler, A., Weber, A., & Otake, T. (2006). Asymmetric mapping from phonetic to lexical
representations in second language listening. Journal of Phonetics, 3269-284.

Dahan, D.,Magnuson, J. S., Tanenhaus, M. K., & Hogan, E. M. (2001). Subcategorical
mismatches and the time course of lexical access: evidence for lexical competition.
Language and Cognitive Processes, (5-34.

Dehaene-Lambertz, G. (1997). Electrophysiological correlates of categorical phoneme
perception in adults. NeuroReport, 8919-924.

Dehaene-Lambertz, G., Dupoux, E., & Gout, A. (2000). Electrophysiological correlates
of phonological processing: A cross-linguistic study. Journal of Cognitive
Neuroscience, 12), 635-647.

Dell, G. S., Oppenheim, G. M., & Kittredge, A. (2008). Saying the right word at the right
time: syntagmatic and paradigmatic interference in sentence production. Language
and Cognitive Processes,,Z83-608.

DeLong, K. A. (2009). Electrophysiological explorations of linguistic practivation and
its consequences during online sentence procesBingoral Dissertation, UC San
Diego.

Delong, K.A., Urbach, T.P., & Kutas, M. (2005). Probabilistic word pre-activation during
language comprehension inferred from electrical brain activity. Nature Neuroscience,
8, 1117-1121.

Delorme, A., & Makeig, S. (2004). EEGLAB: an open source toolbox for analysis of

single-trial EEG dynamics. Journal of Neuroscience Methods, 1941.

1RA



Diaz, B., Mitterer, H., Broersma, M., & Sebastian-Gallés, N. (2012). Individual
differences in late bilinguals' L2 phonological processes: From acoustic-phonetic
analysis to lexical access. Learning and Individual Differences, @3, 680-689.

Diehm, E. E. (1998). Gestures and linguistic function in learning Russian: Prodaurcti
and perception studies of Russian palatalized consonanisArbor.

Dupoux, E., Pallier, C., Sebastian-Gallés, N., & Mehler, J. (1997). A destressing
‘deafness’ in French? Journal of Memory and Language, 366-421.

Dupoux, E., Peperkamp, S., & Sebastian-Gallés, N. (2001). A robust method to study
stress ‘deafness’. Journal of the Acoustical Society of America, ,1lD6-1618.

Dupoux, E., Sebastian-Galles, N., Navarrete, E., & Peperkamp, S. (2008). Persistent
stress ‘deafness’: The case of French learners of Spanish. Cognition, 1062), 682-706.

Elman, J. L. (1989). Connectionist approaches to acoustic/phonetic processing. In W. D.
Marslen-Wilson (Ed.), Lexical representation and procegp. 227-261), Cambridge,
MA: MIT Press.

Falkenstein, M., Hoormann, J., Christ, S., & Hohnsbein, J. (2000). ERP components on
reaction errors and their functional significance: A tutorial. Biological Psychology,
51, 87-107.

Faroqi! Shah, Y. & Waked, A. (2010). Grammatical category dissociation in multilingual
aphasia. Cogritive Neuropsychology, 2781 1203

Faustmann, A., Murdoch, B. E., Finnigan, S. P., & Copland, D. A. (2005). Event-related
brain potentials elicited by semantic and syntactic anomalies during auditory sentence

processing. Journal of the American AcademyAafdiology, 169), 708-725.

1R7



Federmeier, K. D. (2007). Thinking ahead: The role and roots of prediction in language
comprehension. Psychophysiology, 44), 491-505.

Federmeier, K.D., Kutas, M. (1999). A rose by any other name: long-term memory
structure and sentence processing. Journal of Memory and Language, 469-495.
Felser, C., Marinis, T., & Clahsen, H. (2003). Children’s processing of ambiguous

sentences: A study of relative clause attachment. Language Acquisition, 1127-163.

Felser, C., Roberts, L., Marinis, T., & Gross, R. (2003). The processing of ambiguous
sentences by first and second language learners of English. Applied Psycholinguistics,
24(03), 453-489.

Ferreira, F., Henderson, J. M., Anes, M. D., Weeks, P. A., & McFarlane, D. K. (1996).
Effects of lexical frequency and syntactic complexity in spoken-language
comprehension: Evidence from the auditory moving-window technique. Journal of
Experimental Psychology: Learning, Memory, and Cognitio(2)22324-335.

Field, J. (2004). An insight into listeners' problems: too much bottom-up or too much top-
down? System, 32363-377.

FitzPatrick, 1. & Indefrey, P. (2007). Effects of sentence context in L2 natural speech
comprehension. Nijmegen CNS,(2), 43-56.

Flege, J. E. (1993). Production and perception of a novel, second-language phonetic
contrast. Journal of the Acoustical Society of America, B&89-1608.

Folk, J., & Morris, R. (2003). Effects of syntactic category assignment on lexical
ambiguity resolution in reading: An eye movement analysis. Memory and Cognitign

31(1), 87-99.

1RKR



Forster, K. 1., & Forster, J. C. (2003). DMDX: A windows display program with
millisecond accuracy. Behavior Research Methods, Instruments, & Computers, 35
116-124.

Fowler, C. A. (1984). Segmentation of coarticulated speech in perception. Perception and
Psychophysics, 3659-368.

Frauenfelder, U. H., Scholten, M., & Content, A. (2001). Bottom-up inhibition in lexical
selection: phonological mismatch effects in spoken word recognition. Language and
Cognitive Processes, 1683-607.

Frazier, L., & Rayner, K. (1987). Resolution of syntactic category ambiguities: Eye
movements in parsing lexically ambiguous sentences. Journal of Memoryand
Language, 26505-526.

Frenck-Mestre, C., Osterhout, L., McLaughlin, J., & Foucart, A. (2008). The effect of
phonological realization of inflectional morphology on verbal agreement in French:
Evidence from ERPs. Acta Psychologica, 128), 528-536.

Frenck-Mestre, C.; Carrasco, H., McLaughlin, J., Osterhout, L.; Foucart, A. (2010).
Linguistic input factors in native and L2 processing of inflectional morphology:
Evidence from ERPs. Language, Interaction and Acquisition2}, 206-228.

Friederici, A. D. (2002). Towards a neural basis of auditory sentence processing. Trends
in Cognitive Sciences, 78-84.

Friederici, A. D. (1999). ‘The neurobiology of language comprehension. In A.D.
Friederici (Ed.), Language comprehension: A biological perspectpe 263-301).

Berlin/Heidelberg/New York: Springer.

1R9



Friederici, A. D., Frisch, S. (2000). Verb argument structure processing: the role of verb-
specific and argument specific information. Journal of Memory and Language,,43
476-507.

Friederici, A. D., Pfeifer, E., & Hahne, A. (1993). Event-related brain potentials during
natural speech processing: Effects of semantic, morphological and syntactic
violations. Cognitive Brain Research, 183-192.

Friederici, A.D. (1995). The time course of syntactic activation during language
processing: a model based on neuropsychological and neurophysiological data. Brain
and Language, 5@59-281.

Gaskell M. G., & Marslen-Wilson, W. D. (2001). Lexical ambiguity resolution and
spoken word recognition: Bridging the gap. Journal of Memory and Language, ,44
325-349.

Gaskell, M. G., & Marslen-Wilson, W. D. (1996). Phonological variation and inference
in lexical access. Journal of Experimental Psychology: Human Perception and
Performance, 22144-158.

Gaskell, M. G., & Marslen-Wilson, W. D. (1997). Integrating form and meaning: a
distributed model of speech perception. Languag and Cognitive Processes,, 523—

56.

Gaskell, M. G., & Marslen-Wilson, W. D. (1998). Mechanisms of phonological inference
in speech perception. Journal of Experimental Psychology: Human Perception and
Performance, 24380-396.

Gelman, A., & Hill, J. (2007). Data analysis using regression and multilevel/hierarchical

models New York: Cambridge: University Press.

190



Gibson, E. (2006). The interaction of top—down and bottom—up statistics in the resolution
of syntactic category ambiguity. Journal of Memory anddnguage, 5@), 363-388.

Goldinger, S., Luce, P., Pisoni, D., & Marcario, J. (1992). Form-based priming in spoken
word recognition: The roles of competition and bias. Journal of Experimental
Psychology: Learning, Memory, and Cognitidg, 1211-1238.

Golestani, N., Rosen, S., & Scott, S. K. (2009). Native-language benefit for
understanding  speech-in-noise: the contribution of semantics. Bilingualism:
Language and Cognition, 1285-392.

Gor, K., & Jackson, S. (2013). Morphological decomposition and lexical access in a
native and second language: A nesting doll effect. Language and Cognitive
Processes, 48), 1065-1091.

Gor, K., & Lukyanchenko, A. (2012). The effect of context predictability on
understanding speech in noise by native and nonnative listeners. 31* Annual Second
Language Research Forum, Pittsburgh, PA.

Goto, H. (1971). Auditory perception by normal Japanese adults of the sounds ‘1" and ‘r’,
Neuropsychologi 9, 317-323.

Gow, D.W. (2001) Assimilation and anticipation in continuous spoken word recognition.
Journal of Memory and Language,,433-59.

Grosjean, F. (1980). Spoken word recognition processes and the gating paradigm.
Perception and Psychophysics, 287-83.

Grossberg, S., & Myers, C.W. (2000). The resonant dynamics of speech perception:
interword integration and duration-dependent backward effects. PsSychological

Review, 10,/735-67.

101



Gunter, T. C., Friederici, A. D., & Schriefers, H. (2000). Syntactic gender and semantic
expectancy: ERPs reveal early autonomy and late interaction. Journal of Cognitive
Neuroscience, 1356-568.

Gunter, T. C., Stowe, L. A., & Mulder, G. (1997). When syntax meets semantics.
Psychophysiology, 3460-676.

Hagoort, P. (2008). The fractionation of spoken language understanding by measuring
electrical and magnetic brain signals. Philosophical Transactions of the Royal Society
B: Biological Sciences, 36B493), 1055-69.

Hagoort, P., Brown, C.M., & Groothusen, J. (1993). The syntactic positive shift (SPS) as
an ERP measure of syntactic processing. Language and Cognitive Processes4 ®—
483.

Hahne, A. (2001). What’s different in second-language processing? Evidence from event-
related brain potentials. Journal of Psycholinguistic Resear@(3), 2001.

Hahne, A., & Friederici, A. (2001). Processing a second language: late learners'
comprehension mechanisms as revealed by event-related brain potentials.
Bilingualism: Language and Cognition, #23-141.

Halle, M. (2002). From memory to spee@mnd backBerlin: Mouton de Gruyter.

Hamburger, M. B., & Slowiaczek, L. M. (1996). Phonological priming reflects lexical
competition. Psychonomic Bulletin & Review, 20-525.

Hasan, A. S. (2000). Learner’s perception of listening comprehension problems.
Language, Culture and Curriculum, @3, 137-153.

Hawkins, J. (2004). On IntelligenceNew York: Henry Holt.

197



Hoeks, J. C. J., Stowe, L. A., & Doedens, G. (2004). Seeing words in context: the
interaction of lexical and sentence level information during reading. Cognitive Brain
Research,19%9-73.

Holcomb, P. J., & Neville, H. J. (1990). Auditory and visual semantic priming in lexical
decision: A comparison using event-related brain potentials. Language and cognitive
processes,3), 281-312.

Holcomb, P. J., Coffey, S. A., & Neville, H. J. (1992). Visual and auditory sentence
processing: A developmental analysis using event!related brain potentials.
Developmental Neuropsychology28), 203-241.

Howie, S. (2001). Formant transitions of Russian palatalized and nonpalatalized
syllables. IULC Working Papers, 11-22.

Hu, G. (2009). Cognitive mechanisms underlying second language listening
comprehensiarDoctoral dissertation. Georgia State University, Atlanta, GA.

Hu, G., & Jiang, N. (2011). Semantic integration in listening comprehension in a second
language: Evidence from cross-modal priming. In P. Trofimovich & K. McDonough
(Eds.), Applying Priming Research to L2 Learning and Teachipg 199-218).
Philadelphia/ Amsterdam: John Benjamins.

Isenberg, D., Walker, E., & Ryder, J. (1980). A top!down effect on the identification of
function words. Journal of the Acoustical Society of America, $&-S48.

Jakobson, R., Fant, G., & Halle, M. (1951). Preliminaries to speech analysis. The

distinctive features antheir correlates

103



Jia, G. (2003). The acquisition of the English plural morpheme by native Mandarin
Chinese—speaking children. Journal of Speech, Language, and Hearing Research, 46
1297-1311.

Jiang, N. (2004). Morphological insensitivity in second language processing. Applied
Psycholinguistics, 2%03-634.

Jiang, N. (2007). Selective integration of linguistic knowledge in adult second language
learning. Language Learning, 571-33.

Jiang, N., Novokshanova, E., Masuda, K., & Wang, Xin. (2011). Morphological
congruency and the acquisition of L2 morphemes. Language Learning, 6940-967.

Johnson, J. S., & Newport, E. L. (1989). Critical period effects in second language
learning: The influence of maturational state on the acquisition of English as a second
language. Cognitive Psychology, 260-99.

Jusczyk, P. W. (1986). Towards a model for the development of speech perception. In J.
Perkell & D. H. Klatt (Eds.), Invariance and variability in speech processps. 1-
19), Hillsdale, NJ: Erlbaum.

Kaan, E. (2007). Event-Related Potentials and Language Processing: A Brief Overview.
Language and Linguistics Compa$&), 571-591.

Kaan, E., Harris, A., Gibson, E., & Holcomb, P. J. (2000). The P600 as an index of
integration difficulty. Language and Qgnitive Processes, 1559-201.

Kalikow, D. N., Stevens, K. N., & Elliot, L. L. (1977). Development of a test of speech
intelligibility in noise using sentence materials with controlled word predictability.

The Journal of the Acoustical Society of Amertgd 337-1360.

104



Kazanina, N., Phillips, C., & Idsardi, W. (2006).The Influence of Meaning on the

Perception of Speech Sounds. Proceedings of the National Academy of Sciences of

the United States of America, 138), 11381-11386.

Klatt, D. H. (1979). Speech perception: A model of acoustic-phonetic analysis and lexical

access. Journal of Phonetics,,279-312.

Kochetov, A. (2002). Production, perception, and emergent phonotactic patterns: A case

of contrastive palatalizatiodNew York, London: Routledge.

Kroll, J. F., & Stewart, E. (1994). Category interference in translation and picture

naming: Evidence for asymmetric connections between bilingual memory

representations. Journal of Language and Memory,,339-174.

Kuhl, P. K. (1991). Human adults and human infants show a “perceptual magnet effect”

for the prototypes of speech categories, monkeys do not. Perception and

Psychophysic$0,93-107.
Kuhl, P. K. (2004). Early language acquisition: Cracking the speech code. Nature

Reviews Neuroscience, 81-843.
Kuhl, P. K., Williams, K. A., Lacerda, F., Stevens, K. N., & Lindblom, B. (1992).

Linguistic experiences alter phonetic perception in infants by 6 months of age.

Science, 25%06-608.

Kuperberg, G. R., Sitnikova, T., Caplan, D., & Holcomb, P. J. (2003).

Electrophysiological distinctions in processing conceptual relationships with simple

sentences. Cognitive Brain Research, 1¥17-129.

Kutas, M. and Dale, A. (1997). Electrical and magnetic readings of mental functions. In

M. D. Rugg (Ed.), Cognitive neurosience(pp. 197-242), Psychology Press.

105



Kutas, M., & Federmeier, K. D. (2000). Electrophysiology reveals semantic memory use
in language comprehension. Trends in Cognitive Scienceg]2), 463-470.

Kutas, M., & Hillyard, S. A. (1983). Event-related brain potentials to grammatical errors
and semantic anomalies. Memory & Cognition, 1), 539-550.

Kutas, M., & Kluender, R. (1994). What is who violating? Are consideration of linguistic
violations in light of event-related brain potentials. In H. J. Heinze, T. F. Miinte, & G.
R. Mangun (Eds.), Cognitive electrophysiology: Basic and clinical applicatigps.
183-210). Boston: BirkhSuser.

Kutas, M., Van Petten, C., & Besson, M. (1988). Event-related potential asymmetries
during the reading of sentences. Electroencephalography and Clinical
Neurophysiology, 6218-233.

Lahiri, A., & Reetz, H. (2002). Underspecified Recognition. In C. Gussenhoven and N.
Warner (Eds.), Laboratory Phonology Villpp. 637-75). Berlin: Mouton.

Lardiere, D. (1998). Case and tense in the 'fossilized' steady state. Second Language
Research, 141-26.

Laszlo, S., & Federmeier, K. (2009). A beautiful day in the neighborhood: An event-
related potential study of lexical relationships and prediction in context. Journal of
Memory and Language, 5326-338.

Lau, E. F. (2009). The predictive nature of language comprehensi®actoral
Dissertation, University of Maryland.

Lee-Ellis, S., Idsardi, W. J., & Phillips, C. (2009). Distinguishing effects of early
exposure and language dominance: Speech perception by heritage speakers. 36th

Boston University Conference on Language Development, Boston, MA.

10A



Lehtonen, M., Cunillera, T., Rodriguez-Fornells, A., Hultén, A., Tuomainen, J., & Laine,
M. (2007). Recognition of morphologically complex words in Finnish: Evidence from
event-related potentials. Brain research, 1148 23-137.

Leinonen, A., Gronholm-Nyman, P., Jarvenpéd, M., Soderholm, C., Lappi, O., Laine, M.,
& Krause, C. M. (2009). Neurocognitive processing of auditorily and visually
presented inflected words and pseudowords: evidence from a morphologically rich
language. Brain research, 12754-66.

Levelt, W. J. (1993). Speaking: From intention to articulatiaivol. 1). MIT press.

Levelt, W. J. M., Roelofs, A., & Meyer, A. S. (1999). A theory of lexical access in
speech production. Behavioral Brain Science. 22-75.

Liederman, J., Gilbert, K., McGraw Fisher, J., Mathews, G., Frye, R., & Joshi, P. (2010).
Are women more influenced than men by top-down semantic information when
listening to disrupted speech? Language and Speech, (54 33-48.

Linck, J. A., Schwieter, J. W., & Sunderman, G. (2012). Inhibitory control predicts
language switching performance in trilingual speech production. Bilingualism:
Language and Cognition, 1®, 651-662.

Liu, Y., Shu, H., & Wei, J. (2006). Spoken word recognition in context: Evidence from
Chinese ERP analyses. Brain and Language, 96,748.

Lively, S., Logan, J., & Pisoni, D. (1993). Training Japanese listeners to identify English
/t/ and /l/: 1I. The role of phonetic environment and talker variability in new
perceptual categories. Journal of the Acoustical Society of America, (9% 1242—

1255.

197



Lively, S., Pisoni, D., Yamada, R., Tohkura, Y., & Yamada, T. (1994). Training Japanese
listeners to identify English /r/ and /I/: IIl. Long-term retention of new phonetic
categories. Journal of the Acoustical Society of America4962076—2087.

Lucas, M. (1999). Context effects in lexical access: A meta-analysis. Memory &
Cognition, 27 385-398.

Luce, P. A. (1986). A computational analysis of uniqueness points in auditory word
recognition. Perception & Psychophysics, 3%5-8.

Luce, P. A., Goldinger, S. D., Auer, E. T., & Vitevitch, M. S. (2000). Phonetic priming,
neighborhood activation, and PARSYN. Perception andPsychophysics, 6815-25.

Liick, M., Hahne, A., & Clahsen, H. (2006). Brain potentials to morphologically complex
words during listening. Brain research, 1071), 144-152.

Liick, M., Hahne, A., & Clahsen, H. (2006). Brain potentials to morphologically complex
words during listening. Brain research, 1071), 144-152.

Luck, S. (2005). An introduction to the evemelated potential techniqueCambridge,
MA: MIT Press.

Lukyanchenko, A., & Gor, K. (2011). Perceptual correlates of phonological
representations in heritage speakers and L2 learners. Proceedings of the 35th Annual
Boston University Conference on Language Developm8&notnerville, MA:
Cascadilla Press.

Lukyanchenko, A., & Gor, K. (2012). Meaning resolution in L2 speech comprehension:
Top-down or bottom-up. 31* Annual Second Language Research Forum, Pittsburgh,

PA.

108



MacDonald, M. C. (1993). The interaction of lexical and syntactic ambiguity. Journal of
Memory & Language, 3292-715.

MacDonald, M. C. (1994). Probabilistic constraints and syntactic ambiguity resolution.
Language & Cognitive Processes,197-201.

MacDonald, M. C., Pearlmutter, N. J., & Seidenberg, M. S. (1994). Lexical nature of
syntactic ambiguity resolution. Psychological Review, 10476-703.

Marslen-Wilson, W. D. (1987). Functional parallelism in spoken word-recognition.
Cognition, 2571-102.

Marslen-Wilson, W. D. (1989). Access and integration: Projecting sound onto meaning.
In W. D. Marslen-Wilson (Ed.), Lexical representation and procesggp. 3-25),
Cambridge, MA: MIT Press.

Marslen-Wilson, W. D., & Tyler, L. K. (1980). The temporal structure of spoken
language understanding. Cognition, 8,1-71.

Marslen-Wilson, W. D., & Welsh, A. (1978). Processing interactions and lexical access
during word-recognition in continuous speech. CognitivePsychology, 129-63.

Marslen-Wilson, W. D., & Zwitserlood, P. (1989) Accessing spoken words: the
importance of word onsets. Journal of Experimental Psychology: Human Perception
and Performance, 15,76-85.

Marslen-Wilson, W. D., Moss, H. E., & van Halen, S. (1996). Perceptual distance and
competition in lexical access. Journal of Experimental Psychology: Human

Perception and Performance, 2376-92.

199



Marslen-Wilson, W. D., Nix, A., & Gaskell, G. (1995). Phonological variation in lexical
access: Abstractness, inference and English place assimilation. Language and
Cognitive Processes, 1085-308.

MATLAB and Statistics Toolbox Release 2012b, The MathWorks, Inc., Natick,
Massachusetts, United States.

MATLAB version 7.10.0 (2010). Natick, Massachusetts: The MathWorks Inc., 2010.

Mayo, L. H., Florentine, M., & Buus, S. (1997). Age of second language acquisition and
perception of speech in noise. Journal of Speech, Language, and Hearing Research,
40(3), 686—693.

McClelland J. L., & Elman J. L. (1986). The TRACE model of speech perception.
Cognitive Psychology, 18:86.

McClelland, J. L., Thomas, A., McCandliss, B. D., & Fiez, J. A. (1999). Understanding
failures of learning: Hebbian learning, competition for representational space, and
some preliminary experimental data. In J. Reggia, E. Ruppin, & D. Glanzman (Eds.),
Progress in brain research: Vol. 121. Disorders of brain, behavior, and cognition:
The neurocomputational perspectipe. 75-80). Oxford, England: Elsevier.

McQueen, J. M. (2007). Eight questions about spoken-word recognition. In M. G.
Gaskell (Ed.), The Oxford handbook of psycholinguistipg. 37-53). Oxford: Oxford
University Press.

McQueen, J. M., Norris, D., & Cutler, A. (1999). Lexical influence in phonetic decision
making: evidence from subcategorical mismatches. Journal of Experimental

Psychology: Human Perception and Performance,1263—-89.

200



Mecartty, F. H. (2000). Lexical and grammatical knowledge in reading and listening
comprehension by foreign language learners of Spanish. Applied Language Learning,
11(2), 323-348.

Miller, J. L., Green, K., & Schermer, T. (1984). A distinction between effects of
sentential speaking rate and semantic congruity on word identification. Perception
and Psychophysics, 3827-336.

Mills, D., Prat, C., Zangl, R., Stager, C., Neville, H. & Werker, J. (2004). Language
experience and the organization of brain activity to phonetically similar words: ERP
evidence from 14- and 20-month-olds. Journal of Cognitive Neuroscience, 16,52—
1464.

Mitterer, H., Csépe, V., & Blomert, L. (2006). The role of perceptual integration in the
recognition of assimilated word forms. The Quarterly Journal of Experimental
Psychology, 5®), 1395-1424.

Miyawaki, K., Strange, W., Verbrugge, R., Liberman, A., Jenkins, J., & Fujimura, O.
(1981). An effect of linguistic experience: The discrimination of /t/ and /1/ by native
speakers of Japanese and English. Perception and Psychophysids, 331-340.

Moreno, E. M., & Kutas, M. (2005). Processing semantic anomalies in two languages: an
electrophysiological exploration in both languages of Spanish—English bilinguals.
Cognitive Brain Research, 2205 220.

Moreno, E. M., Rodriguez-Fornell, A., & Laine, M. (2008). Event-related potentials
(ERPs) in the study of bilingual language processing. Journal of Neurolinguistics, 21

477-508.

201



Morris, J., & Holcomb, P. J. (2005). Event-related potentials to violations of inflectional
verb morphology in English. Cognitive Brain Research, 29, 963-981.

Morton, J. (1969). Interaction of information in word recognition. Psychological Review,
76,165-178.

Moss, H. E., & Marslen-Wilson, W. D. (1993). Access to word meanings during spoken
language comprehension: effects of sentential semantic context. Journal of
Experimental Psychology: Learning, MemoryCognition, 19 1254-76.

Mueller, J. L. (2005). Electrophysiological correlates of second language processing.
Second Language Research(Z1152—-174.

Mueller, J. L. (2006). L2 in a nutshell: The investigation of second language processing
in the miniature language model. Language Learning, 5&@35-270.

Mueller, J. L., Hahne, A., Fujii, Y., & Friederici, A. D. (2005). Native and nonnative
speakers' processing of a miniature version of Japanese as revealed by ERPs. Journal
of Cognitive Neuroscience, 11229-1244.

Miinte, T. F, Heinze H.-J., and Prevedel, H. (1990). Event-related brain potentials reflect
semantic and syntactic errors during language processing. EEG EMG Z Verwandte
Gebiete, 2@2), 75-81.

Miinte, T. F., Heinze, H., Matzke, M., Wieringa, B. M., Johannes, S. (1998). Brain
potentials and syntactic violations revisited: no evidence for specificity of the
syntactic positive shift. Neuropsychologia, 3@17-226.

Néétdnen R. (1995). The mismatch negativity—A powerful tool for cognitive

neuroscience. Ear Hear, 16,6-18.

207



Naééitdnen, R., Lehtoskoskl, A., Lennes, M., Cheour, M., Huotilainen, M., Ilvonen, A.,
Vainio, M., Alku, P., Ilmoniemi, R., Luuk, A., Allik, J., Sinkkonen, J., & Alho, K.
(1997). Language-specific phoneme representations revealed by electric and magnetic
brain responses. Naturg 385 432-434.

Navarra, J., Sebastian-Gallés, N., & Soto-Faraco, S. (2005). The perception of second
language sounds in early bilinguals: New evidence from an implicit measure. Journal
of Experimental Psychology: Hum#&erception and Performance, @&, 912-918.

Neville, H. J., Mills, D. L., & Lawson, D. S. (1992). Fractionating language: Different
neural subsystems with different sensitive periods. Cerebral Cortex, 2244-258.

Neville, H. J., Nicol, J. L., Barss, A., Forster, K. 1., & Garrett, M. F. (1991). Syntactically
based sentence processing classes — evidence from event-related brain potentials.
Journal of Cognitive Neuroscience,131-65.

Norris, D. (1994). Shortlist: A connectionist model of continuous speech recognition.
Cognition, 52 189-234.

Norris, D., McQueen, J. M., Cutler, A., & Butterfield, S. (1997). The possible-word
constraint in the segmentation of continuous speech. Cognitive Psychology, 83),
191-243.

Norris, D., McQueen, J., & Cutler, A. (1995). Competition and segmentation in spoken-
word recognition. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 21,1209-1228.

Ojima, S., Nakata, H., & Kakigi, R. (2005). An ERP study of second language learning
after childhood: Effects of proficiency. Journal of Cognitive Neuroscience, (8Y,

1212-1228.

203



Onifer, W., & Swinney, D. (1981). Accessing lexical ambiguities during sentence
comprehension: Effects of frequency of meaning and contextual bias. Memory and
Cognition, 9,225-236.

Osterhout L., Holcomb, P. J., & Swinney, D. A. (1994). Brain potentials elicited by
garden-path sentences — evidence of the application of verb information during
parsing. Journal of Experimental Psychology: Learning, Memory and Cognition, 20
786-803.

Osterhout, L., & Holcomb, P. J. (1992). Event-related brain potentials elicited by
syntactic anomaly. Journal of Memory and Language,,3B5-806.

Osterhout, L., McLaughlin, J., Kim, A., & Inoue, K. (2004). Sentences in the brain:
Event-related potentials as real-time reflections of sentence comprehension and
language learning. In M. Carreiras & C. Clifton, Jr. (Eds.), The online study of
sentence comprehension: Eyetracking ERR$ beyondPsychology Press.

Osterhout, L., McLaughlin, J., Pitkdnen, 1., Frenck-Mestre, C., & Molinaro, N. (2006).
Novice learners, longitudinal designs, and event-related potentials: a means for
exploring the neurocognition of second language processing. Language Learning, 56,
199-230.

Ostrin, R., & Tyler, L. (1995). Dissociations of lexical function: Semantics, syntax, and
morphology. Journal of Cognitive Neuropsychology,, 325-389.

Pallier, C., Bosch, L., & Sebastian-Gallés, N. (1997). A limit on behavioral plasticity in

speech perception. Cognition, 64B9-B17.

204



Pallier, C., Colomé, A., & Sebastian-Gallés, N. (2001). The influence of native-language
phonology on lexical access: Exemplar-based versus abstract lexical entries.
Psychological Science, 1245-449.

Papadopoulou, D., & Clahsen, H. (2003). Parsing strategies in L1 and L2 sentence
processing: A study of relative clause attachment in Greek. Studies in Second
Language Acquisition, 2401-528.

Pechmann, T., & Zerbst, D. (2002). The activation of word class information during
speech production. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 28233-243.

Pelli, D. G. (1997). The VideoToolbox software for visual psychophysics: Transforming
numbers into movies, Spatial Vision10, 437-442.

Poeppel, D., Idsardi, W., & van Wassenhove, V. (2008). Speech perception at the
interface of neurobiology and linguistics. Philosophical Transactions of the Royal
Society of London B Biological Sciences, 8683), 1071-86.

Polivanov, E. (1931). La perception des sons d’une langue étrangeére. Travaux du Cercle
Linguistique de Prague, 49-96.

Polka, L., & Werker, J. F. (1994). Developmental changes in perception of non-native
vowel contrasts. Journal of Experimental Psychology: Human Perceptiand
Performance, 20421-435.

Proverbio, A. M., Cok, B., & Zani, A. (2002). Electrophysiological measures of language
processing in bilinguals. Journal of Cognitive Neuroscience,(I% 994-1017.

R Core Team (2013). R: A Language and Environment for Statistical Computing. R

Foundation for Statistical Computing, Vienna, Austria, http://www.R-project.org

205



Randall, M. (2007). Memory, psychology and second language learnifghn
Benjamins.

Rayner, K., Pacht, J. M., & Du, S. A. (1994). Effects of prior encounter and global
discourse bias on the processing of lexically ambiguous words: Evidence from eye
fixations. Journal of Memory and Language,,327-544.

Remez, R. E., Rubin, P. E., Pisoni, D. B., & Carrell, T. D. (1981). Speech perception
without traditional speech cues. Science, 212047-9.

Rossi, S., Gugler, M., Friederici, A., & Hahne, A. (2006). The impact of proficiency on
syntactic second-language processing of German and Italian: evidence from event-
related potentials. Journal of Cognitive Neuroscience,, 2830—48.

Salasoo, A., & Pisoni, D. (1985). Interaction of knowledge sources in auditory word
identification. Journal of memory and language, 240-231.

Sebastian- Gallés, N., Echeverria, S., & Bosch, L. (2005). The influence of initial
exposure on lexical representation: Comparing early and simultaneous bilinguals.
Journal of Memory and Language,,220-255.

Sebastian- Gallés, N., Rodriguez-Fornells, A., de Diego-Balaguer, R., & Diaz, B. (2006).
First- and Second-language Phonological Representations in the Mental Lexicon.
Journal of Cognitive Neuroscience, @3, 1277-1291.

Sebastian-Gallés, N., & Soto-Faraco, S. (1999). On-line processing of native and non-
native phonemic contrasts in early bilinguals. Cognition, 72111-123.

Seidenberg, M. S., Tanenhaus, M. K., Leiman, J. M., & Bienkowski, M. (1982).
Automatic access of the meanings of ambiguous words in context: Some limitations

of knowledge-based processing. Cognitive Psychology, 1489-537.

206A



Sereno, S. C., Pacht, J. M., & Rayner, K. (1992). The effect of meaning frequency on
processing lexically ambiguous words: Evidence from eye fixations. Psychological
Science, 3296-300.

Shcherba, L. V. (1939). Phonetics of the French language. An overview of French
pronunciation in comparison with Russian: A manual for students of foreign
languages departmentseningrad.

Simpson, G. B., & Burgess, C. (1985). Activation and selection processes in the
recognition of ambiguous words. Journal of Expamental Psychology: Human
Perception & Performance, 128-39.

Slowiaczek, L. M., & Hamburger, M. B. (1992). Prelexical facilitation and lexical
interference in auditory word recognition. Journal of Experimental Psychology:
Learning, Memory and Cognitiod8, 1239-1250.

Soto-Faraco, S., Sebastidan-Gallés, N., and Cutler, A. (2001). Segmental and
suprasegmental mismatch in lexical access. Journal of Memory and Language,,45
412-32.

Steinhauer, K., White, E., &. Drury, J. (2008). Temporal dynamics of late second
language acquisition: evidence from event-related brain potentials. Second Language
Research, 28), 13-41.

Stevens, K. N. (2002). Toward a model for lexical access based on acoustic landmarks
and distinctive features. Journal of Acoustic Society of &nica, 111 1872-1891.

Strange, W., & Shafer, V. (2008 ). Speech perception in second learners: The re-

education of selective perception. In J. G. Hansen Edwards & M. L. Zampini (eds.),

207



Phonology and second language acquisitioVol. 36) (pp.153-191).
Amsterdam/Philadelphia: John Benjamins.

Streeter, L. A., and Nigro, G. N. (1979) The role of medial consonant transitions in word
perception. Journal of the Acoustical Society of America, B33-41.

Swingley, D., & Aslin, R. N. (2002). Lexical neighborhoodsand the word—form
representations of 14-month-olds. Psychological Science, 1830-484.

Swinney, D. (1979). Lexical access during sentence comprehension: (Re) consideration
of context effects. Journal of Verbal Learning and Verbal Behavior, &85-659.
Szekely, A., D’Amico, S., Devescovi, A., Federmeier, K., Herron, D., Iyer, G., Jacobsen,
T., Arévalo, A., Vargha, A., & Bates, E. (2005). Times action and object naming.

Cortex, 417-25.

Tabossi, P. (1988).Accessing lexical ambiguity in different types of sentential contexts.
Journal of Memory & Language, 2324-340.

Tabossi, P., & Zardon, F. (1993). Processing ambiguous words in context. Journal of
Memory and Language, 3259-72.

Tabossi, P., Colombo, L., & Job, R. (1987). Accessing lexical ambiguity: Effects of
context and dominance. Psychological research, 4961-167.

Takagi, N., & Mann, V. (1995). The limits of extended naturalistic exposure on the
perceptual mastery of English /r/ and /I/ by adult Japanese learners of English.
Applied Psycholinguistics, 14), 379-405.

Tanenhaus, M. K., & Donnenwerth-Nolan, S. (1984). Syntactic context and lexical

access. Quarterly Journal of Experimental Psychology, 3649-661.

208



Tanenhaus, M. K., Leiman, J. M., & Seidenberg, M. A. (1979). Evidence for multiple
stages in the processing of ambiguous words in syntactic contexts. Journal of Verbal
Learning & Verbal Behavior, 18,27-440.

Tanner, D., Nicol, J., Herschensohn, J., & Osterhout, L. (2012). Electrophysiological
markers of interference and structural facilitation in native and nonnative agreement
processing. In A. K. Biller, E. Y. Chung, and A. E. Kimball (Eds.), Proceedings of
the 36th Boston University Conference on Language Developim@ens94-606).
Somerville, MA: Cascadilla.

Tanner, D., Osterhout, L., & Herschensohn, J. (2009). Snapshots of grammaticalization:
Differential electrophysiological responses to grammatical anomalies with increasing
L2 exposure. In J. Chandlee, M. Franchini, S. Lord, and G.-M. Rheiner (Eds.),
Proceedings of the 33rd Boston University Conference on Language Development
(pp- 528-539). Somerville, MA: Cascadilla.

Tockowitz, N., & MacWhinney, B. (2005). Implicit and explicit measures of sensitivity
to violations in second language grammar: An event related potential investigation.
Studies in Second Language Acquisition,72;-204.

Trofimovich, P. (2008). What do second language listeners know about spoken words?
Effects of experience and attention in spoken word processing. Journal of
Psycholinguistic Research, 37, 309-329.

Trubetzkoy, N. S. (1969). Principles of phonologyC.A. Baltaxe, translated). Berkley:

University of California Press, Berkeley, CA. (Original work published in 1939).

209



Trueswell, J. C., Tanenhaus, M. K., & Kello, C. (1993). Verb-specific constraints in
sentence processing: Separating effects of lexical preference from garden-paths.
Journal of Experimental Pskology: Learning, Memory, and Cognition, 528-553

Tyler, L. K. (1984). The structure of the initial cohort: Evidence from gating. Perception
and Psychophysics, 3617-427.

Tyler, L. K. (1989). The role of lexical representations in language comprehension. In W.
D. Marslen-Wilson (Ed.), Lexical representation and processgp. 439-463),
Cambridge, MA: MIT Press.

Tyler, L. K. & Wessels, J. (1983). Quantifying contextual contributions to word-
recognition processes. Perception and Psychophysics, 349-420.

Tyler, L. K. & Wessels, J. (1985). Is gating an on-line task? Evidence from naming
latency data. Perception and Psychophysics, 387-222.

Tyler, L. K., & Warren, P. (1987). Local and global structure in spoken language
comprehension. Journal of Memory ad Language, 2638-657.

van Alphen, P., & McQueen, J.M. (2006). The effect of Voice Onset Time differences on
lexical access in Dutch. Journal of Experimental Psychology: Human Perception and
Performance32(1), 178-196.

van Berkum, J. J. A., Zwitserlood, P., Brown, C. M., & Hagoort, P. (2003). When and
how do listeners relate a sentence to the wider discourse? Evidence from the N400
effect. Cognitive Brain Research, 1701-18.

van den Brink, D., Brown, C. M., & Hagoort, P. (2001). Electrophysiological evidence
for early contextual influences during spoken word recognition: N200 versus N400

effects. Journal of Cognitive Neuroscience, P8,7-85.

210



van Herten, M., Kolk, H. H. J., Chwilla, D. J. (2005). An ERP study of P600 effects
elicited by semantic anomalies. Cognitive Brain ResearcB2, 241-255.

Van Petten, C., & Kutas, M. (1991). Influences of semantic and syntactic context on
open- and closed-class words. Memory & Cognition, 1995-112.

Van Petten, C., Coulson, S., Rubin, S., Plante, E., & Parks, M. (1999). Time course of
word identification and semantic integration in spoken language. Journal of
Experimental Psychology: Learning, Memory, and Cognition325:417.

Van Wijngaarden, S. J., Steeneken, H. J., & Houtgast, T. (2002). Quantifying the
intelligibility of speech in noise for non-native listeners. Journal of the Acoustical
Society of America, 111906-1916.

Vogely, A. J. (1995). Perceived strategy use during performance on three authentic
listening comprehension tasks. Modern Language Journall (1), 41-56.

Vroomen, J., & de Gelder, B. (1995). Metrical segmentation and lexical inhibition in
spoken word recognition. Journal of Experimental Psychology: Human Perception
and Performance, 2D8-108.

Warren, P., & Marslen-Wilson, W. D. (1987). Continuous uptake of acoustic cues in
spoken word recognition. Perception and Psychophysics, 262—75.

Warren, P., & Marslen-Wilson, W. D. (1988). Cues to lexical choice: discriminating
place and voice. Perception and Psychophysics, 28-30.

Weber-Fox, C. M., & Neville, H. J. (1996). Maturational constraints on functional
specializations for language processing: ERP and behavioral evidence in bilingual

speakers. Journal of Cognitive Neurosciencg3® 231-256.

211



Weber-Fox, C., Davis, L. J., & Cuadrado, E. (2003). Event-related brain potential
markers of high-language proficiency in adults. Brain and Language, 8231-244.
Weber, A., & Cutler, A. (2004). Lexical competition in non-native spoken-word

recognition. Journal of Memory and Language,,3625.

Werker, J. (1995). Exploring developmental changes in cross-language speech
perception. In L. Gleitman & M. Liberman (Eds.), Invitation to Cognitive Science,
Volume 1: Languagép 87-106). Cambridge, MA: MIT Press.

Werker, J. F., & Tees, R. C. (1984). Cross-language speech perception: Evidence for
perceptual reorganization during the first year of life. Infant Behavior and
Development, (1), 49-63.

Weyerts, H., Penke, M., Dohrn, U., Clahsen, H., & MYnte, T. (1997). Brain potentials
indicate differences between regular and irregular German plurals. NeuroReport, 8
957-962.

Whalen, D. H. (1984). Subcategorical phonetic mismatches slow phonetic judgments.
Perception and Psychophysics, 39,-64.

Whalen, D. H. (1991). Subcategorical phonetic mismatches and lexical access.
Perception and Psychophysics, 3601-60.

Wolff, D. (1987). Some assumptions about second language text comprehension. Studies
in Second Language Acquisition,39;7-326.

Yeung, N., Botvinick, M., & Cohen, J. (2004). The neural basis of error detection:
Conflict monitoring and the error-related negativity. PSychological Review, 11931—

959.

212



Yokoyama, S., Miyamoto, T., Riera, J., Kim, J., Akitsuki, Y., Iwata, K., Yoshimoto, K.,
Horie, K., Sato, S., & Kawashima, R. (2006). Cortical mechanisms involved in the
processing of verbs: An fMRI study. Journal of Cognitive Neuroscience, (88
1304-1313.

Zingeser, L. B., & Berndt, R. S. (1990). Retrieval of nouns and verbs in agrammatism
and anomia. Brain and Language, 394!32.

Zwitserlood, P. (1989). The locus of the effects of the sentential-semantic context in
spoken word processing. Cognition, 3225-64.

Wolff, D. (1987). Some assumptions about second language text comprehension. Studies
in Second Language Acquisition,39;7-326.

Yeung, N., Botvinick, M., & Cohen, J. (2004). The neural basis of error detection:
Conflict monitoring and the error-related negativity. PSychological Review, 11931—
959.

Yokoyama, S., Miyamoto, T., Riera, J., Kim, J., Akitsuki, Y., Iwata, K., Yoshimoto, K.,
Horie, K., Sato, S., & Kawashima, R. (2006). Cortical mechanisms involved in the
processing of verbs: An fMRI study. Journal of Cognitive Neuroscience, (88
1304-1313.

Zingeser, L. B., & Berndt, R. S. (1990). Retrieval of nouns and verbs in agrammatism
and anomia. Brain and Language, 394!32.

Zwitserlood, P. (1989). The locus of the effects of the sentential-semantic context in

spoken word processing. Cognition, 3225-64.

2113



