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ABSTRACT
The present thesis explores the cognitive operations underlying word recognition and
production of late bilingual adults in their second language (L2). Experimental
psychology and electrophysiology have made a case for the activation of the first
language (L1) when bilingual individuals process words in L2. Evidence for
cross-language activation has shaped current models of bilingual lexical processing
and influenced our conception of the bilingual lexicon. However, previous studies
have made extensive use of interlingual lexical stimuli (e.g., cognates, interlingual
homographs) and/or translation equivalents to compare L1 and L2 processing in
bilingual individuals. Experiments mixing stimuli from two languages create an
artificial context which may differ significantly from real-life situations and bias
behavioural performances toward a language-nonselective processing pattern. In the
present thesis we tested bilingual participants reading, listening to, and producing
words exclusively in their L2. In the first experiment series, Chinese-English
bilinguals read and listened to pairs of English words, half of which shared a character
Tepetition in their Chinese translations. Evidence of event-related potentials (ERPs)
showed that Chinese translations were accessed automatically and unconsciously. In
the second experiment series, the same paradigm was used except that phonological
and orthographic repetitions in Chinese translations were independently tested.
. Significant priming was found for phonological but not orthographic repetitions,
independently of the input modality (visual or auditory), demonstrating that
cross-language activation is mediated by phonology. In the third experiment series,
speech production was studied using a covert picture naming paradigm involving
thyming decisions. Here again, L1 access was detected but it was delayed in

compari Do . .
parison to L2 access as well as more conscious in comparison to reading and



v

listening in L2. Moreover, cross-language activation in picture naming was
asymmetric, featuring strong influences of L1 on L2, but no effect of L2 on L1.
Findings of the thesis shed new light on the dynamic nature of bilingual language
processing, as well as constraints affecting cross-language activation. Implications for

current models of bilingual lexical access are discussed.
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Introduction and Overview

It is widely acknowledged that over half of the world population uses more
than one language (Bhatia & Ritchie, 2004b; Crystal, 1987; Grosjean, 1982;
Hoffmann, 1991). Although bilingualism is a multidisciplinary topic, its practical (e.g.,
educational and societal) applications have traditionally attracted more attention than
its theoretical accounts (Romaine, 1989). The three studies reported in this PhD thesis
Join the young but rapidly growing theoretical field of bilingualism by investigating a
key issue at the core of any bilingual theory and model: the nature of the bilingual
mentgl lexicon. The research methodology adopted here is inspired by the rigor of
experimental cognitive psychology; it tests fundamental hypotheses deriving from
psycholinguistic theory and capitalises on a state-of-the-art observational technique in
neuroscience, namely event-related potentials (ERPs).

The concept of mental lexicon is central in the study of bilingual language
Processing because, as Schreuder et al. (1993) pointed out, it “bridges between form
and meaning”. How do bilingual individuals understand words written and spoken in
the second language (L2)? Does knowledge in their first language (L1) become
available (or “activated”) during semantic access? What mechanisms, if any, do
bilinguals use to filter out the unwanted language during comprehension and select
the intended language during production? The present studies attempt to contribute
New evidence to answer these questions. -

The first chapter provides an overview of psycholinguistic studies of
monolingual and bilingual word recognition and production. Bilingual research in the
Past decade or so is marked by the consistent finding of cross-language interactions:

when words in L2 are being processed, in both comprehension and production tasks,



corresponding information in L1 is activated in parallel. Models of bilingual language
representations and processing that have been proposed to account for this
phenomenon are then reviewed. The chapter closes with a discussion on the
limitations of the psycholinguistic approach and its experimental paradigms, and
introduces outstanding questions regarding the nature of cross-language interactions
in bilingual individuals.

The second chapter introduces the technique and theoretical background of
ERPs, and its application to the study of language processing. A number of ERP
Studies on bilingual word recognition and production are then selectively reviewed in
the third chapter. The high temporal resolution of ERPs is particularly suited to the
study of cognitive activities like reading and listening which occur very rapidly in real
time. However, although ERP experiments involving bilingual participants can be
dated back to the beginning of the 90s, many studies have been empirical in nature
and only a few have been systematically guided by predictions of psycholinguistic
models.

The fourth chapter outlines generic methodological parameters that we have
used throughout my doctoral studies. The first study’ (chapter 5) investigated
Cross-language interactions in Chinese-English bilinguals using a stringent
unconscious repetition priming paradigm and ERPs. We further studied the nature of
cross-language interactions in Chinese-English bilinguals by manipulating
orthographic and phonological priming independently. In the third study (chapter 7),
We used a picture-naming paradigm in Chinese-English bilinguals to characterize the
level of L1 activation during L2 word production. In chapter 8, the general discussion,

findings of the three studies are discussed in the context of the psycholinguistic

1
The first study and a

previous version of it have given rise to a couple of publication (Thierry and
Wu, 2004; Thierry and

Wu, 2007) which will be discussed more extensively in the discussion section.



literature and recent ERP studies. Overall, this thesis provides in-depth analysis of
cross-language interactions during reading, listening, and speaking, in bilingual
individuals who use two very different languages (Chinese and English), which differ
both in terms of their sound form and written form. Moreover, findings from this
research also shed light on general cognitive principles of language processing that

cannot be shed based on studies of monolingual individuals.



Psycholinguistic Aspects of Bilingnalism

Most theories of bilingual lexicons have taken fundamental concepts from
those theories that describe language processing in monolinguals. Therefore, it is
necessary to briefly introduce language processing models in monolinguals, and
methodologies and terminologies that have been adopted in bilingualism research.
The three models reviewed below concern reading, listening, and speaking,
respectively. All three models have been influential in the field of language and

inspirational to the study of bilingualism.

L. 1. Classic models of language processing
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Figure 1-1. Interactive Activation Model of visual word recognition (McClelland
& Rumelhart, 1981)



The Interactive Activation Model (Fig. 1-1) is a connectionist model of visual
word recognition. It assumes that word information is stored at three levels (i.e.,
visual feature, letter, and word level). Within each level, the activation of one unit
leads to inhibition of competing units (lateral inhibition) and, at the same time,
facilitates activation of corresponding units at the next level. At the word level, the
unit that receives the highest facilitation gets activated. A later modification of the
IAM model features a threshold of activation at the word level which depends on
lexical frequency; high-frequency words have lower threshold and vice versa
(Grainger & Segui, 1990; Jacobs & Grainger, 1992). Evidence in support of this
assumption is derived from studies using lexical decision tasks (LDT; i.e., deciding
Whether a string of letters forms a word - the limitations of this type of task will be
discussed in chapter 4). Indeed, Grainger (1988) found that low-frequency words such
as “blur”, which have a high-frequency orthographical neighbour (blue), are
recognised slower than words without orthographical neighbours. This effect was
explained as the result of a competition between the target word and high-frequency
orthographic neighbours at the word-level of representation.

The Trace Model of speech perception (Fig. 1-2) resembles the structure and
assumptions behind the interactive model of visual word recognition (McClelland,
1991; McClelland & Elman, 1986). Auditory features (e.g., place of articulation,
voicing) are connected to phonemes (basic elements of auditory word forms) which
are connected, in turn, to whole word representations (sound of words). Similarly to
the case of IAM, nodes at the same level have inhibitory connections and the

Tecognition of a word is determined by the activation level of word representations

When the threshold of activation is reached.
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Figure 1-2. The Trace Model of speech perception (McClelland & Eiman,
1986)

Note that a key assumption behind the interactive activation model and the
trace model is that top-down processes (driven by the individual’s knowledge and
€Xpectations) are involved in addition to bottom-up processes.(triggered by the
Stimulus itself). Bilingual models also include top-down mechanisms to account for
word comprehension in bilingual individuals. However, studies reported in this thesis
only look into the processes of single word recognition and production by bilinguals,
which minimizes the importance of top-down processing. Therefore, literature
relating to top-down regulation will not be discussed in detail.

The Word-form Encoding by Activation and Verification (WEAVER -+ Fig.
1-3) mode} conceived by Levelt and colleagues (1999) focuses on the mechanism
behind single spoken word production. The fundamental assumptions of WEAVER ++
are consistent with early ideas of Levelt (1989): discrete processing levels are.

co ) . ..
nnected to one another only by excitatory links. Activation proceeds in a strictly



forward direction during word production (from meaning to sound, this is known as
the feed-forward theory). There is also a self-monitoring mechanism constantly
checking the speaker’s overt and internal speech. Although the characteristics and
exact time course of each of these processing stages have been a matter of constant

debate, most researchers agree with the general organisation of word production.
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Figure 1-3. The WEAVER++ computational model (Levelt et al., 1999)

The Word-form Encoding by Activation and Verification (WEAVER ++; Fig.
1-3) model conceived by Levelt and colleagues (1999) focuses on the mechanism
behind single spoken word production. The fundamental assumptions of WEAVER ++
are consistent with ’early ideas of Levelt (1989): discrete processing levels are
Connected to one another only by excitatory links. Activation proceeds in a strictly
forward direction during word production (from meaning to sound, this is known as

the feed-f‘orward theory). There is also a self-monitoring mechanism constantly



checking the speaker’s overt and internal speech. Although the characteristics and
exact time course of each of these processing stages have been a matter of constant

debate, most researchers agree with the general organisation of word production.

1. 2. Bilingual word recognition

In recent years, psycholinguistic research has taken two main perspectives
regarding the issue of bilingual lexical access and cross-language interactions. The
Processing perspective, as characterised by the Bilingual Interactive Activation (BIA)
and the BIA +model, examines how L2 word recognition is influenced by the
activation of and competition from form relatives in L1 (Dijkstra & Van Heuven,
1998; Dijkstra et al., 1998; Van Heuven et al., 1998). On the other hand, the Revised
Hierarchical Model (RHM) takes a developmental perspective and focuses on
Cross-language interactions via translation equivalents of the two languages (Kroll &
Stewart, 1994). These two particular models are reviewed here because (a) they have
been shown to account for a great variety of bilingual phenomena, (b) taken together,
the two approaches provide a complete account of bilingualism as olzserved in
Proficient late 1.2 learners, which is the type of participant tested in the present studies,
and (c) these models are the most re}evant to my research because they focus on the
Process of word identification itself rather than secondary factors such as task
demands and context effects (see also Dijkstra & Van Heuven, 2002; Green, 1998).

As can be seen in Figure 1-4, the BIA model is a bilingual extension of the
interactive model of visual word recognition. Both models share the lower two layers
of feature and letter representations. The word level of BIA includes lexical
knowledge of both bilinguals’ L1 and L2, in the case illustrated here, Dutch and

English. Interestingly, the two languages are segregated within the word level. At the



top of this network, there is an additional layer of language nodes, representing
language-specific information (e .., grammar, syntax). The BIA model is consistent
with the interactive model in assuming that high-frequency words have a lower
threshold of activation than low-frequency words and vice versa. The flow of
activation from lower levels to higher levels by means of facilitation and inhibition is

also comparable between the two models.
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Figure 1-4. The Bilingual Interactive Activation model (Dijkstra & Van Heuven, 1998)

Arguably, the most important component of the BIA model is the word level
of representation where the model begins to differ from its monolingual equivalent. It
Is assumed that word nodes from the two languages are connected to one another by
inhibitory links. This means that words that are activated inhibit other words

Tegardless of the language they belong to. Therefore, the assumption is made of an
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integrated lexicon for the two languages of bilingual individuals. Also, since the
bilingual lexicon is assumed to be highly integrated, the letter-to-word connection is
not language-specific (language non-selective access). Another important assumption
of the BIA model is that, in the case of unbalanced bilinguals, L2 proficiency is
reflected by means of resting-level activation of words. Consistent with the concept of
frequency-dependent threshold, less proficient L2 readers require higher level of
facilitation to activate words in their L2 as compared to words in their L1.

The concept of language node is another special characteristic of the BIA
model. First, it serves as a language tag which, during the word identification process,
is activafed by correspondent words to indicate which language they belong to.
Second, BIA assumes that an activated language node feeds back to the word level by
lowering the activation threshold of all word nodes in that language and inhibiting
those of the other language. In particular, this top-down effect of language nodes can
account for context priming effects where the competition at the word level is biased.

The two most studied hypotheses of the BIA model are the assumption of
lexical non-selective access and of the language nodes as top-down control
Mechanisms within a complex linguistic context. Given that this thesis is concerned
with single word processing, the following review focuses more on empirical findings
Tegarding the first than the second issue.

Previous studies have exploited the existence of cognates and interlingual
homographs to examine whether lexical information from both L1 and L2 is activated
during wdrd recognition in one of the two languages. Cognates are words that are
identical in terms of orthography (i.e., spelling) and overlap largely in L1 and L2 in
terms of meaning (i.e., café 1n English and French). By contrast, interlingual

hOmOgraphs are L1 and L2 words that share the same orthography but have distinct
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meanings in the two languages (i.e., brand -*fire‘ in Dutch). These are also called
interlexical homographs or false friends. Often, the experimental strategy is to present
Cognates or interlingual homographs in a LDT inter-mixed with control words that do
not share any lexical or semantic properties in L1 and L2. If lexical access is
language-selective, words that have cross-language relations should be processed in
the same way as words that occur only in one language. On the other hand, if lexical
access is language non-selective, these critical words might be read in different ways
to control words due to their interlingual status. Such potential differences have been
hypothesized to affect bilingual performance in terms of latency and/or accuracy.
Gerard (1989) tested Spanish-English bilinguals with cognates and interlingual
homographs in a monolingual context (LDT in Spanish or English). Lexical frequency
Was manipulated independently of word category. The authors found that reaction
time (RT)_ to cognates and interlingual homographs correlated with their frequency in
the target language, but not in the other language. For example, when the word “red”
Was presented in the English LDT, it was responded to with the same speed as words
that have the same frequency in Spanish. In the Spanish condition, however, the word
red yielded much longer time reaction times, which was consistent with its relative
lexical rareness (red means ‘network‘ in Spanish). The reverse pattern was also
Observed for words that have a high frequency in Spanish but low frequency in
English (e.g., fin, - *aim* in Spanish). These results suggested that, in contrast to the
Prediction of the language non-selective hypothesis, bilingual participants were able
to selectively access the meaning of interlingual words in the appropriate language. A
couple of more recent studies have confirmed the null results of interlingual
homOgraphs with another bilingual combination (Dutch-English) under comparable

eXperimental conditions (De Groot et al., 2000; Dijkstra et al., 1998).
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Nonetheless, there is an extensive body of evidence in favour of the language
non-selective access hypothesis. First, cognates have been shown to reduce RT during
LDT in both L1 and 1.2 (Dijkstra et al., 1998; Lemhofer & Dijkstra, 2004; Van Hell &
Dijkstra, 2002). Second, despite the absence of interlingual homograph effect in
Several studies, subtle designs tapping semantic processing have successfully detected
Co-activations of meanings in the two languages. For instance, Beauvillain et al. (1987)
tested French-English bilinguals in a LDT using English words preceded by French
Words which, in the critical trials, were interlingual homographs related in meaning
with the English target word (e.g., coin - money, coin meaning ‘corner’ in French).
Althougﬁ participants were told that the French prime was irrelevant, they
Spontaneously accessed the English meaning of the interlingual homograph prime as
Shown by significantly reduced RT in the related condition. Furthermore, the same
Tesults were found in a translation priming paradigm. For example, in an English LDT,
the word brand was followed by the word “fire’, which is the translation into English
of the Dutch word brand. Dutch-English bilinguals showed a‘small but reliable
reduction of RT, suggesting that the interlingual homograph was initially processed in
a language non-selective fashion whereby meanings in both L1 and L2 had been
accessed (De Moor, 1998; Van Heste, 1999).

Other evidence in favour of the language non-selective hypothesis comes from
€Xperiments manipulating orthographic neighbourhood. An orthographic neighbour is
a word which differs from the target word by one letter (Coltheart et al., 1997). For
example, ‘look’ and ‘cool’ are both neighbours of ‘cook’. As mentioned earlier,
Tonolingual word recognition is sensitive to the number of orthographical neighbours
(neighbourhood density effect) and their frequencies (neighbourhood frequenc;y

effect). These effects have been explained as the result of a competition among lexical
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candidates at the word-level. The logic follows that, if bilinguals have an integrated
lexicon where access to L1 and L2 is parallel, neighbourhood effects should be
language non-selective. Indeed, several studies have shown that the number of
orthographic neighbours in the nontarget language systematically affect RT during
LDT in the target language. For instance, Dutch-English participants have more
difficulty recognizing English words with many Dutch neighbours than those which
have few or no Dutch neighbours (Grainger & Dijkstra, 1992; Van Heuven et al,,

1998).

To summarise, two decades of research capitalising on the existence of
orthographic overlaps between languages (e.g., cognates, interlingual homographs,
and orthographic neighbours) have shown that bilinguals automatically access
information in both their L1 and L2 in contexts where only one language is under
attentional focus / is relevant. The hypothesis of language non-selective, or parallel,
access is now wildly acknowledged as valid.

While the BIA model gives a valuable account of the state of the bilingual
lexicon and the process of word recognition as a function of cross-language
interactions in highly fluent bilinguals, another line of research has investigated these
issues taking into account second language learning history.

As mentioned in the introduction of this thesis, the majority of the world
Population can use two languages. Yet, a minority of bilingual individuals are
balanced in terms of proficiency, knowledge, dominance (how often the languages
have been and are Being used), and age of acquisition in their two languages. In fact,
most bilinguals distinguish their native language, acquired very early on in life and
Tost familiar to them, from their second language, learnt subsequently and still being

learnt, Therefore, a unique experience of such bilinguals, in contrast to monolinguals,
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is that one of their two languages was or is being acquired around a fully formed

lexicon and conceptual system formatted by their first language. To account for how

L2 can be integrated into an existing L1 system, early researchers have proposed two

models.

L1 lexicon

1.2 Jexicon

coneepts

L1 lexicon

L2 lexicon

concepts

Figure 1-5. The word association model and the conceptual mediation model

(Kroll & Stewart, 1994)

The word association model (figure 1-5, left), also referred to as the

Subordinate system (Wernreich, 1953), proposes that L2 is connected with L1 at the

lexical level, and concepts can only be accessed through this lexical link. For example,

When a Chinese-English bilingual individual reads an English word, access to word

Tneaning will necessarily activate the translation equivalent in Chinese. This

assumption is particularly pertinent in cases where word knowledge of L2 is

traditionally acquired by associating 1.2 words with their L1 translations (which, for

Mstance, is the core method used in China to teach English). On the other hand, the

conceptual mediation model (figure 1-5, right) involves a direct conceptual link

between the L2 lexicon and semantic memory. In this situation, a bilingual is

e : : . : '
Xpected to function as two monolinguals given the independence of access to

Concepts in L1 and 1.2.
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It must be noted that these two models make no clear assumption regarding
the structure and dynamics of the language recognition system. Orthographic features,
letters, and words are all comprised within the lexicon level. The smaller box for the
L2 lexicon reflects less word knowledge in L2 than L1. The conceptual store, on the
other hand, .contains abstract semantic information (word meaning) irrespective of
language. The fundamental characteristic of this hierarchical arrangement is that the
lexical stores are language-specific but the conceptual store is shared. An extensive
body of research has provided evidence in support of this assumption (Chen, 1990;
Chen & Ng, 1989; Kirsner et al., 1984; see also Kroll, 1993 for a review; Scarborough
etal., 1984; Schwanenflugel & Rey, 1986; Smith, 1991). For present purposes, I will
focus on the most current debate in this framework concerning the mapping of the L1
and L2 words onto concepts.

Potter et al. (1984) contrasted the word association model with the conceptual
Mediation model in a series of experiments in which they asked bilingual participants
to translate L1 words into L2 and to name pictures in L2. The vlogic of comparing
Word translation with picture naming is as follows: if words in L2 are exclusively
associated with L1 translations at the lexical level, translating words from L1 to L2
should take less time than naming pictures in L2. This is because word translation can
take advantage of lexical links between L1 and L2, thus bypassing the necessity of
conceptual processing; on the other hand, to name pictures in L2 would require
accessing the meaning of pictures and their names in L1, and then translating them
into 1.2, However, if direct conceptual links between L2 word forms and their
fheanings are available, as it is proposed in the conceptual mediation model, the two

Processes (L1-L2 translation and picture naming) should take a similar amount of

time,
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Potter et al. (1984) provided results in favour of the conceptual mediation
model. The time needed to translate words from L1 into L2 was similar to the time
necessary to name pictures in L2. Moreover, this pattern of results was consistent in
two groups of bilinguals at different levels of L2 proficiency, suggesting that direct
conceptual links for L2 words were available even at early stages of L2 learning.
However, subsequent studies following the same methodology have failed to replicate
the results (H. -C. Chen & Leung, 1989; Kroll & Curley, 1988). Highly proficient
bilinguals performed equally fast for word translation and picture naming in L2; but,
less fluent bilinguals were faster at word translation. The inconsistency in the findings
may be due to different language backgrounds in Potter et al.’s (1984) study.
Although, in that study, both groups of participants learned English as their second
langllage, Chinese was the native language for the highly proficient bilinguals,
Whereas it was French for the less fluent bilinguals. The native and second language
Were controlled in Chen & Leung (1989) and Kroll & Curley’s (1988) studies, which
Suggests that word-to-concept mappings in bilinguals might indeed depend upon
language expertise with conceptual mediation better characterising fluent bilinguals

and word association better accounting for the performance pattern of less fluent

bilinguals.
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Figure 1-6. The revised hierarchical model (Kroll & Stewart, 1994)

To model the developmental shift from reliance on L1 to independent
conceptual processing with increasing L2 proficiency, Kroll et al. (1994) proposed the
revised hierarchical model (RHM; Figure 1-6). The RHM integrates the lexical link
between L1 and L2 and the direct conceptual link from L2 words to concepts; thus it
is able to characterise language representations of bilinguals at both the beginning and
more advanced levels of L2 acquisition. Moreover, the model assumes that the
conceptual link is stronger for words in L1 (depicted by a solid line) than for words in
L2 (depicted by a dotted line) because of the relative proficiency in the two languages.
The lexical link is assumed to be stronger from L2 to L1 than from L1 to L2
Considering the way L2 words are initially acquired. Also, due to the relative strength
of conceptual links, forward translation (L1->L2) is more likeiy to involve conceptual
Processing whereas backward translation (L2->L1) should allow rapid lexical
Processing without significant recourse to meaning.

To test the predictions of RHM, psycholinguists have made extensive use of
translation tasks, In Kroll & Stéwart‘s original study (1994), highly proficient |

D . - .
utch-English bilinguals were asked to translate words in both directions (ie.,
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forward and backward). In the experimental condition, words were presented in a
semantically categorised list; in the control condition, words were presented randomly
(ie., the “mixed condition™). Forward translation was slower with the semantically
Categorised stimuli than the mixed word list; whereas backward translation was
unaffected by the semantic manipulation (i.e., categorisation). Moreover, participants
translated faster and more accurately backward than forward. Such a translation
asymmetry was consistent with findings of previous research (Sanchez-Casas,
Suarez-Buratti et al., 1992). Given the level of L2 proficiency of participants in the
study by Kroll (1994), findings strongly suggested that different mechanisms underlie
the Perfoﬁnance in translation tasks in the two directions. Subsequent research used
picture naming as the familiarisation procedure and found that only forward
translation of previously named words was facilitated (Sholl et al., 1995). Since
picture naming has been shown to require conceptual access (Glaser, 1992; Levelt et
al., 1991), the finding that backward translation is insensitive to conceptual priming is
Consistent with the predictions of the RHM.

To specifically examine the prediction that backward translation is lexically
mediated, Talamas et al. (1999) used two manipulations in a translation recognition
task. English-Spanish bilinguals were asked to decide whether a Spanish word was
the translation equivalent of an English word. The semantic and the lexical condition
differed by substituting the target words with words that were close to them either in
terms of meaning or form, respectively. A strong interference effect was observed in
the lexical condition for a group of bilingual beginners whereas semantic interference
Was observed for more fluent bilinguals. This again suggests that backward translation

Progressively shifts from a lexically- to a conceptually mediated process with
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increasing 1.2 proficiency. Unfortunately, this study did not also compare backward to
forward translation.

Another source of evidence for the RHM comes from studies using semantic
Priming tasks. In a standard priming paradigm, the prime and the target word are
Presented in succession. A plethora of studies has shown that, when the two words are
related in meaning (e.g., *doctor — nurse’), the recognition of the target word is
facilitated as compared to unrelated pairs (e.g., ’ﬁsh — nurse’, see Neely, 1991 for a
review). Keatley et al. (1994) found that, for low proficient bilingualg, cross-language
Semantic priming is only observed when the prime word is in L1 and the target word
is in L2; ﬁo effect was seen for L2 - L1 priming. In highly fluent bilinguals, the
authors found an asymmetry in the magnitude of semantic priming, with a stronger
effect from L2 to L1 than the reverse direction. Similar results have been reported in
other studies as well (Kroll & Sholl, 1992; Tzelgov & Eben-Ezra, 1992). This
aSymmetric semantic priming effect is consistent with RHM hypotheses: words in L1
have stronger conceptual links and can therefore activate semantic memory to a
deeper and broader extent than words in L2; as a result, L1 words are more effective
Primes than L2 words.

However, other studies have challenged the semantic asymmetry observed in
the standard priming paradigm. Keatley et al. (1992), for instance, tested
Cross-language semantic priming with fixed, limited response time. Effects for both
LI>2and12 -> L1 priming disappeared whereas within-language priming
Survived the speeded experimental context. This finding suggested that the
Cross-language priming effect might be accounted for by post-lexical meaning

Integration which would not have been involved in a time-restricted context.
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To avoid potential biases due to asymmetries in effortful attentional
Processing, a subsequent study (Fox, 1996) adopted negative priming which measures
the effect of unattended stimuli. Fox et al. (1996) reported that a negative priming
effect from previously ignored words was only observed for L1 - L2 but not L2 -
L1. This result provides strong evidence in favour of the RHM. However, another
Observation made in the same study was inconsistent with predictions of the RHM.
When the unattended prime was the translation of the target word instead of a
Semantically related word, negative priming was stronger in the L1 - L2 than the L2
= L1 direction. Recall that the RHM assumes that backward translation capitalises on
the use of lexical links, and therefore should lead to shorter reaction time than forward
translation. In fact, a number of studies have shown the opposite trend with forward
translation being more effective and reliable than backward translation (H. C Chen &
Ng, 1989; De Groot & Nas, 1991; Gollan et al., 1997; Jin, 1990; Keatley & De Gelder,
1992),

This section provides a brief overview of the bilingual language memory
System which appears to involve a shared conceptual store and highly permeable
lexical Tepresentations (i.e., open to influences of the other language). Theoretically,
this system can account for a variety, of cross-language phenomena that have been
Tepeatedly observed in bilingual research in the past twenty years. From a
Connectionist point of view, the BIA model explains cross-language activations as the
fesult of the non-selective access to lexical form relatives between L1 and L2. The
RHM, on the other hand, emphasises cross-language activations at the level of
translation equivalents by virtue of L2 acquisition history. Whether one considers the

first or the second conceptualisation, a bilingual individual cannot simply be
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considered as two monolinguals in one brain. Knowledge of L1 and knowledge of L2

interfere and compete with one another in a complicated fashion.

1. 3. Bilingual word production

The observation of cross-language interactions during word Eecognition does
10t necessarily imply that the same process occurs during word production. Most L2
learners report that comprehension (i.e., reading and listening) develops quicker and
more easily than production (i.e., speaking and writing). This discrepancy suggests
that diffe;ent cognitive mechanisms and language competencies are engaged in the
Processes of word production and recognition (Costa & Santesteban, 2004; French &
Jacquet, 2004). Therefore, the issue of bilingual lexical organisation cannot be
addressed completely without considering both the input and the output modalities. So
far, there has been less research on bilingual language production than comprehension.
One reason might be the methodological difficulty of testing speech production in
well-controlled experimental conditions. This section will review some empirical
evidence and methodological developments regarding the issue of language selection

in bilingual 1.2 speech production. The scope of the review will be restricted to single

Wword production.
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Figure 1-7. A model of bilingual language production adapted from (Kroli et al.,
2006).

As discussed in the first section of this chapter, the fandamental architecture
of speech production models generally contains three distinct levels of processing
(Cafamazza, 1997; Dell, 1986; Levelt, 1989; Levelt et al., 1999). First, the conceptual
O semantic level of processing involvés retrieving the meaning of words which the
SPeaker desires to communicate. Second, at the lexical or lemma level, abstract lexical
items (i.e., words) are activated along with their grammatical information. Third,
ph0n010gical nodes specify the phonology associated with the to-be-spoken words

(see figure 1-7 for an illustration of the three levels of processing in bilingual word

Production).
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Figure 1-8. lllustrations for language non-specific (A) and language specific
selection (B) adapted from (Costa et al., 1999).

Unlike listening or reading, which is largely a bottom-up process, speaking is
Primarily a top-down process. It requires bilinguals to make conscious effort in the
Selection of languages in which words are to be presented. The nature of language
Selection has been a long-standing debate around which two views have arisen: (a) the
language specific hypothesis (sée figure 1-8, B) proposes that bilingual speakers can

Select their intended language without being affected by the existence of lexical
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Tepresentations of the unintended language; (b) the language non-specific hypothesis
(see figure 1-8, A) implies that language production in bilinguals automatically
activates both L1 and L2, whereby cross-language competition for selection has
observable behavioural consequences. Evidence supporting both hypotheses has been
Teported. The seemingly contradictory data may be the resuit of interpretational
difficulties regarding the locus of language selection in terms of the predefined
Processing levels. This problem may be best resolved by devising a research method
Which unfolds the whole process of speech planning up to the point of articulation
Tather than relying on deductive reasoning.

It is well acknowledged that bilinguals often use words in L1 during a L2
Conversation (Farch & Kasper, 1986; Poulisse, 1997, 1999; Poulisse & Bongaerts,
1990). These errors, so-called unintentional language switches, have been argued to
Teveal the influence of L1 in L2 speech. According to Poulisse et al. (1994), the extent
of L1 influence is negatively correlated with the bilingual’s proficiency in L2. Dutch
learners of English, for instance, often replace English (primaril.y function words)
With Dutch words but fluent Dutch-English bilinguals show a better ability at
Maintaining an English conversation. Poulisse et al. (1994) interpreted this result as a
¢r0ss-language slip-of-the-tongue phenomenon which can be accounted for by the
basic “frequency effect (Wheeldon & Monsell, 1992) in a bilingual context: due to the
Telative familiarities to the languages, L1 words may reach the level of activation
Tequired for lexical access before their L2 translations do, resulting in L1 items being
aCCidentally selected instead of the intended L2 items.

Although observing L1 features in L2 speech might be consistent with the
lon-selective hypothesis, there is at least one problem that needs to be considered

When explaining speech errors made by bilinguals. Unlike synonyms, translation
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equivalents are not functionally interchangeable. In most circumstances where the
interlocutor does not know the bilingual speaker’s L1, the use of translations will
disrupt the conversation. Therefore, the analogy between bilingual speech errors and
lexical substitutions of synonyms and semantically related words observed in
monolingual speech neglects the bilingual context, which has been shown to be a
Complex issue (Grosjean, 1997; Grosjean, 1998b; Grosjean, 2001). Moreover, error
data does not specify at which stage of speech planning the cross-language
interference takes place.

To systematically study the course of speech planning up to the point of
articulation, experimental researchers have adopted a variety of picture-naming
Paradigms. In the picture-word interference task, for example, participants are
Presented with a picture (the target) and a word (the distractor); they are instructed to
Name the picture while ignoring the word. The relation between names of pictures and
distractor words has been shown to affect picture naming latencies. Interference
effects, as manifested by longer response time, are found betweén picture names and
distractor words that are semantically related (e.g., table-chair), as compared to
Unrelated word-picture pairs (table-orange). Facilitation is observed when the
distractor is phonologically close or identical to (e.g., table-tailor) the name of the
PiCturé (i.e., the identity effect, for a thorough review of monolingual research using
Picture-word interference paradigm see Glaser, 1992; MacLeod, 1991; Roelofs,
1992).

Some bilingual studies in which picture names and distractor words belong to
different languages have replicated the semantic interference effect observed in the
Monolingual research (Costa, 2005; Costa & Caramazza, 1999; Costa et al., 1999;

Ehri & Ryan, 1980; Hermans et al., 1998; for a review, see M. Smith, 1997; M. C.
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Smith & Kirsner, 1982). However, interpretations of the semantic interference effect
are not consistent with regard to the language-specificity of lexical access. Hermans et
al. (1998), for instance, found that Dutch-English learners took longer to name
Pictures in English (L2) with semantically related Dutch distractors (L1). They
interpreted this result as consistent with the hypothesis of language-nc:nspeciﬁc access:
the presence of L1 distractors increased the level of activation for lexical nodes in
both L1 and L2 that were semantically related to the picture; this leads to harder
lexical selection in the naming process due to the hindrance effect of pre-activated
Competitors. Moreover, they found that distractors that were phonologically related to
the L1 translations of the picture names produced an interference effect. This
Suggested that the lexical selection mechanism considers lexical candidates in both
the target and non-target languages. However, according to Costa et al. (1999), the
Cross-language interference effect could also be accounted for by language-specific
lexical access: given that L1 distractors are assumed to activate both L1 and L2 words
Semantically related to the picture name, even if lexical selection is restricted to the
intended language (i.e., L2), an interference effect could still take place at the
conceptual level. In other words, to account for interference in word production, one
does not have to assume parallel processing in L1 and L2 because the effect of L1
distractorg might be functionally elicited via lexical links to L2 nodes. Also, Costa et
al. (1999) found that when the distractor was the translation of the picture name in the
fon-target language, it induced a facilitation effect in both the L1 and the 1.2
Conditions. This betWeen—language identity effect was interpreted as supporting the
language- specific model: if word production involves parallel and
1anguage-non-speciﬁc activation, the presence of a translation distractor in the

Ton-target language should hinder the naming process, because it increases the
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activation level of the lexical competitor in the non-target language. On the other hand,
if the lexical selection mechanism inspects only words from the intended language,
Such a translation distractor should result in a facilitation effect, because it also
activates lexical nodes in the target language.

Clearly, researchers in the above studies hold different views an how to
interpret qualitatively similar results and, in each case, they provide additional
evidence to back up their views. It must be kept in mind when contrasting results of
these studies that some importaxit experimental details differ between them:
Participants’ 1.2 proficiency (unbalanced bilinguals versus balanced bilinguals),
language combinations (Dutch-English versus Spanish-Catalan), and the modality in
which the distractors are presented (auditory versus visual, for a discussion of how |
these variables may affect the process of picture naming in bilinguals, see Kroll et al.,
2006)

A result which has been widely regarded as supporting the
language-non-speciﬁc model is the observation of a facilitatory effect in picture
Naming of cognates in bilinguals’ two languages. Costa et al. (2000) showed that
CEltalan-Spanish bilinguals take less time to name pictures in Spanish that correspond
t0 a cognate in Catalan (e.g., banco-banc, meaning ‘bank’ in English) than those
Coneépondmg to a non-cognate (e.g., hoja-fulla, meaning ‘leaf’ in English). The
absence of such an effect in monolingual Spanish speakers suggests that the cognate
faCilitatory effect is due to the cognate status of the picture names rather than specific
leXiCal-semantic features of these pictures across languages. One way to interpret this
Tesult is to suggest that the orthographic and phonological overlap of cognates reduces
the leve] of lexical competition relative to non-cognates which are dissimilar in both

Tespects. Obviously, this interpretation requires the assumption that the lexical
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selection mechanism considers both the target word and its translation in the
non-target language.

Although the positive effect of cognates in speech production has been
replicated in other picture-naming experiments (Hoshino & Kroll, 2005; Kroll et al.,
2000) and observed in retrieval failures of both normal (Gollan & Acenas, 2000, 2004)
and aphasic bilingual speakers (Kohnert, 2004; Roberts & Deslauriers, 1999), there is
a lack of agreement regarding the origin of this effect and its implications regarding
the bilingual speech production éystem. As exemplified previously, a cognate (e.g.,
café) shares orthographical forms, and usually, contains similar meanings and
Phonological segments across two or more languages. Theoretically, therefore, the
Cognate effect could be raised at the concepfual, lexical, and sublexical level of
Processing. More likely, it is a result of interactions across these different levels of
Tepresentations (Costa et al., 2005). Another argument which challenges the
interpretations of cognate effect during bilingual word production is the idea that
Cognates should not be regarded as words related across languaées in their linguistic
attributes (i.e., form or meaning) but independently represented in bilingual memory
(Sanchez-Casas & Garcia-Albea, 2005).

Further support for the language-non-specific model derives from a phoneme
monitﬁﬂng study. Colome et al. (2001) asked Catalan-Spanish bilinguals to decide
Whether the name of a picture begins with a particular phoneme in the target language.
There were three conditions. In the “yes” condition, the picture name was consistent
With the prime (e.g., “t” for a picture of a table, taula in Catalan). In the “no”
condition, the picture name and the prime were inconsistent. In the third condition, the
Prime was not consistent with the picture name in the target language but, critically, it

Was the first phoneme in the translation of the picture name in the non-target language.
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This study is distinctive from the others discussed above because it provided
independent evidence that cross-language interference during bilingual word
Production can extend beyohd the level of lexical selection into phonological
Segmentation.

This section provided a synthetic and non-exhaustive literature review of
bilingual word production in relation to language selection (i.e., specific versus
non-specific access) and its locus. The majority of the findings can be accounted for
by a model in which both languages are active and compete with one another during
L2 word production. The issue of the locus of cross-language competition is more
Complex. Experimental evidence is overall inconclusive in the sense that some studies
showed interference by conceptual and lexical distractors (Costa & Caramazza, 1999;
Costa et al., 1999; Hermans et al., 1998) and others suggested that the competition
exists at g sublexical level of representation (Colome, 2001); there is also evidence
Suggesting that bilingual speech is underpinned by interactivity at all levels of
Processing both within and across the two languages (Costa et al., 2000; Costa et al.,
2005; Kroll et al., 2000). Some of the uncertainty arises from theoretical
disagreements between researchers based on their interpretations of the
Cross-language identity effects and the interference of semantically related distractors
in Piémre naming, respectively (for example, see Costa et al., 2003; Costa et al., 1999;
HemlaIIS, 2004; Hermans et al., 1998). On the other hand, it can be argued that the
eXisting evidence does not unambiguously resolve the issue of language selection and,
Particularly, the locus of cross-language effects. In the next section, I will discuss why
Current experimental paradigms and means of measurement do not ensure that

Conclusions can be drawn, and 1 will propose a way forward.
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1. 4. General Discussion

One key question is whether or not bilinguals can read or speak in their L2
Wwithout accessing correspondent knowledge in L1. A counterintuitive discovery
reviewed above is the evidence that, in both the output and the input modalities, the
Processing of an isolated word by bilinguals is basically language-non+selective.
Lexical and semantic knowledge of the non-target language (usually L1) appears to be
always active.

It needs to be noted that the scope of the review presented above is limited to
the purpose of the present research. For bilingual word comprehension, two models of
the bilingual lexicon (i.e., the RHM and the BIA) were presented and empirical
evidence against their predictions was menfioned. For bilingual word production, the
focus was on studies testing the nature and locus of language selection. There are
Studies, models, and issues that have not been reviewed here but are relevant to the
~ Current discussion. We did not consider, among others, linguistic factors (e.g., the
Sententia] context, Greenberg & Saint-Aubin, 2004; Schwartz & Kroll, 2006a) and
Don-linguistic factors (e.g., task demands and participants’ expectancy, Dijkstra &
Van Heuven, 2002; Green, 1998); special populations such as pfofessional translators
(ChriSFoffels et al., 2006; Macizo & B;ljo, 2006), the processing of mixed languages
(Grosjean, 2000), and language switching (Muysken, 2000; Orfanidou & Sumner,
2005). Such variables or conditions have all been shown to affect bilingual
Performance and they will be mentioned incidentally so as to leave a door open for
further discussion. In this discussion, I will focus mainly on issues and limitations in

DSYCholinguistic approach of direct relevance to the experimental work presented

hereafier.
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What becomes apparent when contrasting the BIA and the RHM of bilingual

Word recognition is that, although both models capitalise on the phenomenon of
Cross-language activations, they put forward different hypotheses regarding bilingual
lexical representations. The BIA assumes an integrated lexicon in which words from
both languages are indiscriminately represented. The RHM suggests that lexical
information of each language is stored independently but that the two lexicons interact
through finks that are stronger from L2 to L1 than from L1 to L2. Each model hence
accounts for particular characteristics of lexical information (i.e., interlingual
homOgraph's versus translation equivalents) that maybe shared (or independent) to a
different extent between languages (Kroll & Tokowicz, 2005; Sunderman & Kroll,
2006). However, another possibility is that both types of codes are represented
together in either a unified or independent fashion. The problem is that the predictions
In support of each type of lexical organization are insufficiently specific: effects of
. Interlingya homographs on LDT could be the result of highly interactive connections
triggered by form similarity across two separate lexicons; likewise, translation
Priming effects could, theoretically, suggest that translation equivalents are stored in a
single unjt (French & Jacquet, 2004). |

. The majority of studies of biliﬂgual reading comprehension has focussed on
languages sharing the same fundamental features (for exceptions, see Bowers et al.,
20002 Gollan et al., 1997). For example, in the case of English, French, Spanish, and
Dutch, there are 14 visual features and 26 letters. Such similarities provide the basis
for an integrated lexical and sublexical model (e.g., the BIA). On the other hand,
languages that contrast sharply in their writing systems (e.g., Chinese and English)

have been largely overlooked, leaving fewer constraints for a model of separated'
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lexicons. The drawback of this bias in bilingual research is the dilemma in accounting
for Cross-language interactions discussed previously.

Another shoﬁcominé when modelling cross-language interactions in the
framework of a single lexical store is the dependence on explicit language nodes. In
an integrated model of bilingual word recognition such as the BIA, lexical access is
argued to be essentially language-nonselective. To account for real-life experiences of
language independence (bilinguals do function without obvious language interference
in most situations), the BIA features language nodes (i.e., language tags) which are
€Xxpected to improve lexical selection by inhibiting activation level of words in the
fon-target language. The inclusion of language nodes on top of the word
identification process implies that the non-selective nature of lexical access is only
transient jn reading. Indeed, past studies have revealed certain circumstances (e.g.,
highly selective context, short SOAs) in which prime language selectiility is observed
_ (Dijkstra & Van Heuven, 2002; D. W. Green, 1998; Schwartz, 2003; Van Hell, 1998).
In the typical experimental tasks involving single word recognition (e .2.,LDT and
Semantic relatedness paradigm), however, the proposal of language nodes is more
likely to be the result of using lexically similar materials, whereés it might be
Unnecessary to account for bilingualisr;l from a more general point of view (Jacquet &
French, 2002). For this reason, bilinguals whose two languages have distinct lexical
and sublexical features might be the most neutral population in which the issue of
lexica] selectivity/non-selectivity can be addressed.

Another characteristic of studies of word recognition is that, so far, evidence
of Cross-language interactions has been derived mainly from testing bilinguals’
T®Sponses to mixed languages (e;g., translation equivalents) or interlingual stimuli

(eg, Cognates, interlingual homographs, interlingual neighbours). The reliance on
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these materials gives rise to two issues. One is concerned with methodological
limitations, and the other brings up interpretational ambiguities. The following

discussion will deal with the methodological issues first and then the theoretical issue.

Language A
|Base language)

MOMNOLINGUAL

> BILINGUAL
LANGUAGE MODE

LANGUAGE MCDE

—
ro
(73]

A

Language B

Figure 1-9. Visual representation of the language mode continuum (Grosjean,
1998a)

It has been argued that a bilingual individual may be at various states of
Activation in terms of the two languagés spoken, a notion that is termed the language
mode éontmuum (Grosjean, 1985, 1994; Grosjean, 1997, Grosjean, 1998b; Grosjean,
2001)- At one end of the continuum, bilinguals would function as monolinguals,
keeping the relevant language active and the irrelevant language being totally
deactivateq, At the other end of the continuum, they would find themselves in a
bilingua] mode, where both languages are constantly active for the purpose of
comfmlnication in a mixed language situation. Between these two extremes, most of

the tj s o . - : :
€ time, 5 bilingual individual is expected to function neither as a monolingual nor as
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abilingual with two fully activated languages. This language mode theory introduces
4 relative supremacy of one language over the other instead of total dominance
(Grosjean, 1997; Lanza, 1992; Treffers-Daller, 1997). Variables that may affect the
language mode include language abilities of the interfocutor, demands of a linguistic
task, purpose of the interaction, topics, the environment, and so on. As the language
mode determines the activation level of bilinguals’ languages when communication
actually takes place, it is assumed to have an impact on both comprehension and
Production,

As a theme of research, the concept of language mode still requires complete
and djrect éxperimental evidence as to what determines a bilingual’s position on the
continuum. However, as a potential confounding variable, failure to control for the
1“lflgllage context in which a bilingual participant is tested may have serious
implicationg for the way in which experimental findings are interpreted.
Unfortunately, a large number of studies have mixed bilinguals’ two languages. For
€Xample, in the cross-language priming paradigm that was reviewed previously, the
Prime and target word were from different languages. Manipulations of relationships
between them (e.g., translation equivalents, semantic relatedness, form relatedness)
induced behavioural changes in LDT performances, which were interpreted in support
Ofbilingual lexical access. However, c;onsidering Grosjean’s theory, it is almost
Certain that the bilingual participants in this experiment were in a bilingual mode
Since the experimental tasks implied explicit processing of stimﬁli in both languages.
Optimal performance is achieved by prompting participants to consciously translate
the prime word into the target language equivalent. It is, therefore, not surprising to
See that the most reliable form of cross-language priming found was between

tl""nskltion equivalents (Keatley & De Gelder, 1992). Consequently, findings of these
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Studies may be artificially biased toward the hypothesis of parallel activation of L1
and L2 lexicons of during word recognition.

The issue of language modes becomes particularly complex in studies that
used interlingual materials instead of explicitly mixing words from the two languages.
Experiments in which the stimulus list and task requirements involved only one
language are generally considered to create a monolingual condition (g.g., all-in-L.2)
despite the fact that some of the stimuli may also exist in the other language (e.g.,
Cognates or interlingual homographs). For example, the interlingual status of cognates
and homographs has been shown to affect performance in LDT performed in
bilinguals’ L2 (De Groot et al., 2000; Dijkstra et al., 2000; Dijkstra et al., 1998). More
Strikingly, the cognate effect of trilingual’s L2 and L3 was observed in both a LDT
and a word association task that included only L1 words, providing compelling
evidence that even in an exclusively native language context bilingual lexical access
is language-nonselective (Van Hell & Dijkstra, 2002). Indeed, task instructions in
. these studies should set bilingual participants in a mode that concerns only the target
language at the beginning of the experiment. However, the repeated occurrence of
Stimuli that could be read in the non-target language might still lead the participants to
Activate their other language and therefore progressively install them into a bilingual
Mode as the experiment unfolds. This is particularly likely in highly proficient
bilinguals, Unfortunately, there seem to have been no studies in which a
POst-experimental debriefing session enabled the authors to survey the extent to which
their Participants were consciously or strategically taking advantage of the interlingual
Manipulationg tested in a concealed manner (see De Groot & Nas, 1991; Gollan et al.,

1997 for exceptions in masked priming studies; Sanchez-Casas, Davis et al., 1992).
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The aim of the above discussion is not to claim that previous findings are
mvalid or that the language mode hypothesis may have entirely accounted for the
results reported. The criticism is that, unless deliberately controlled and verified, the
language context in which a participant operates is a potential confounding variable in
Studies of bilingual lexical access because (a) it is closely related and critical to the
theoretical issue under investigation (i.e., selectivity/non-selective) anZI (b) a bilingual
Context may be spuriously elicited even when the mixing of stimuli from two
languages is thought to be concealed. Regarding this latter idea, Grosjean (1998a) has
Commented as follows: “simply knowing that there is a possibility that elements from
the other lahguage will be presented (in an experiment, for example) will move the
bilingua] away from the monolingual endpoint of the continuum. Just one guest word
in a stream of base language words can increase this displacement towards the
bilingual endpoint.” (p137).

Another issue raised by the use of interlingual stimuli is that evidence of
- Cross-language interactions reported in such studies usually conflates the question of
lexica] representation with the question of lexical processing. When the interlingual
Status of stimuli shows an effect on L2 processing, it is interpreped as evidence for an
integrated representation and languaggfnonselective access to the two languages.
Absence of such interlingual effects is associated with separated lexical stores and
1anguage selective access. In fact, there remains the possibility that the two issues tap
into different aspects of bilingual word recognition. The question of
Separated/integrated representation is more related to the development of bilinguals’
languages whereas the question of whether lexical access is language-selective or
langlage-nonselective refers to the characteristics of information processing in

bilinguals. The two questions are highly related however, as Van Heuven et al. (1998)
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pointed out, it is theoretically possible for a bilingual individual to have an integrated
lexicon with selective access to words in each language or separated lexicons with
Parallel activation of both languages.

Cross-language interactions observed with interlingual stimuli do not always
suffice to tease apart the representational from the processing account. Taking
cognates for example, within the BIA framework, cognate facilitation effects on LDT
have been interpreted as evidence for parallel activation of both languages, an
€Xplanation in terms of information processing. Other evidence has shown that
Cognates might be represented distinctively, by means of their morphological features,
from other .words in the two languages (Sanchez-Casas & Garcia-Albea, 2005). The
two interpretations are not necessarily inconsistent with one another. The question
then is, if cognates have independent representations from other words in the
language system, to what extent this finding can be generalised to lexical processing
45 a whole, Except for cases in which the two languages include a large percentage of
- COgnates (e.g., Spanish and Catalan), results of studies using interlingual materials are
therefore unlikely to characterise bilingual word processing in general.

The two issues discussed above in the context of word repognition also apply
10 studies of bilingual word production. In keeping with the language mode
hYPOthesis, the use of the picture-word interference paradigm appears to be far from
ideal. Ag described in the previous section, this paradigm includes the presentation of
A picture to be named in the target language and a distractor word presented in the
Other language, which implies an explicit dual-language context. Consequently, the
Observed effects of semantic interference and phonological facilitation might be
SPuriously induced by the strong bilingual context of the experiments. Moreover, as

Krol] gt 4. (2006) pointed out, the presence of a distractor word initiates a process of
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Word recognition which may interact with components of speech planning at various
Stages. In addition to a dual-language context, the picture-word interference paradigm
is a highly artificial task which may have little to do with mechanisms at work in
Cveryday life.

Studies of bilingual word production that involve cognates are also subject to
interpretational ambiguities. Although cognate facilitation effects on p'i'cture naming
latencies have been generally taken to demonstrate parallel activation of two
languages, other explanations may account for this observation. Costa et al. (2006)
argued that, in early stages of L2 development cognates might be more easily
aCquired aﬂd frequently used as compared to non-cognates due to their overlap in
Several linguistic attributes with translation equivalents in the native language. This
might result in an advantage in the processing of cognates when bilinguals have
aCquired a high level of proficiency in L2. In fact, Costa et al. (2006)’s argument is
intrinsically the same as the representational hypothesis put forward by
: SanCheZ-Casas et al. (2005). Both suggest that cognates, given tbeir unique
interlingual features, are not ideal for the general purpose of revealing patterns of
bilingua language processing.

To summarise, recent studies hgve converged in providing substantial
evidence that, during the processes of single word recognition and production in
bilinguals, both the relevant and the irrelevant languages are simultaneously active.
The variety of perspectives from which the evidence is derived strongly supports the
Notion that cross-language interaction is a bilingual phenomenon. However, some
Methodological shortcomings and theoretical concerns discussed above leave the door
Open for alternative interpretations which cannot be readily dismissed. There are

Several ways in which the nature of cross-language interactions can be better
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understood. The list of questions below provides an overview of outstanding issues in

the field. Some of these questions will find preliminary answers in the present work.

1.

Do cross-language interactions take place between two languages
with radically different writing systems which are likely to have
independent lexical stores?

In a truly monolingual context, to what extent is acce"ss toL1
simultaneous and/or unconscious during 1.2 word processing?
What information (e.g., phonology or orthography) is actually
activated in the non-target language?

To what extent does bilingual word recognition differ between
reading and listening in terms of parallel lexical access?

What is the time-course of lexical selection or the locus of
cross-language interactions in bilingual word comprehension and
production?

With the exception of Spanish-Catalan bilinguals who are usually
very fluent in both languages and can be viewed as balanced
bilinguals, there has been little evidence regarding the directionality
of cross-language inﬂpences (i.e., is L1 open to influences of L27).
Does bilingual word production involve inhibitory processes on
lexical candidates from the irrelevant language? Or is it a process of
activation-by-competition, similar to word recognition?

Research has suggested that the ability and experience of using two
languages confer long-term benefits in a variety of cognitive tasks

(e.g., attentional control) for bilinguals (Bialystok et al., 2004). Why



is there relatively less evidence showing corresponding bilingual

advantages in the domain of language itself?

40
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Principles of ERPs

This chapter presents an overview of the technique of event-related potentials
(ERPs) and its applications in the field of neurolinguistics. The goal of this chapter is
to lay the foundation for the next chapter in which ERP research on biljngual
language processing will be reviewed. The first section introduces origins of ERPs,
their recording and analysis, and some issues regarding the advantages and
disadvantages of ERPs as compared to behavioural and other physiological techniques.
This section is relatively basic given the availability of other works that provide
exhaustive methodological overviews (e.g., Luck, 2005; Picton, Bentin et al., 2000;
Picton et al., 1995; Regan, 1989; Rugg & Cole, 1995a). The second section reviews
significant language ERP studies which have established primary ERP correlates of
language processing. For the purpose of the present thesis, the discussion emphasises

to the single word level of processing.

2. 1. ERP recording, analysis, and conceptual issues

A living human brain produces constant electrical activities. These activities can
be observed by simply connecting three (you need a ground, not just a reference)
electrodes on the surface of scalp and amplifying the signals. The output is a
waveform (continuous voltage variations) known as the electroencephalogram or
EEG. EEG reflects voltage fluctuations at various scalp sites by comparison to a
defined electrode site (fhe reference). The observed scalp voltages are thought to be a
summation of postsynaptic potentials mainly generated in cortical pyramidal cells
which have a parallel alignment perpendicular to the surface of the scalp and fire |

synchronously. By contrast, the EEG is thought to be negligibly affected by
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presynaptic potentials (that is, action potentials) and activities of other brain neurons
than pyramidal cells (Allison et al., 1986; Martin, 1991). Consequently, recordings of
EEG do not offer a full account of neural activities in the brain.

Since EEG allows on-line monitoring of brain activities, it is possible to present
a stimulus (e.g., an event) to the participant and define a period, called an epoch, of
EEG data that is time-locked to the presentation of the stimulus. The underlying
assumption is that, within the EEG epoch, some of the voltage variations observed
will be associated to neural responses to the stimulus. Such voltage changes can be
extracted by averaging a number of EEG epochs together, which leads to
event-related potentials (ERPs) or evoked potentials (EP), sometimes called brain
potentials. ERP data can only be used to make correlational inferences rather than
causational ones. This is because while ERPs are measured as the dependent variable,
the neural systems thought to be responsible for their existence are often not
manipulated directly; but rather indirectly activated by psychological tasks (i.e., the
' processing of the stimuli).

When deriving ERPs from the continuous EEG recordings in which they are
embedded, there are several technical steps including filtering and artefact rejection to
achieve acceptable signal/noise ratios by reducing contaminations from exogenous
noise and eye movements in particular (Brunia, 1989; Gratton et al., 1989; Picton, van
Roon et al., 2000). The key step then is to group multiple epochs recorded in response
to a set of events into an average ERP representing the general brain response to the
experimental conditioﬁ. By doing so, effects of random activities, such as the
background and event-unrelated EEG, are eliminated. The residual ERP data are
thought to reflect brain activities that are time-locked to information processing v

induced by the stimuli.
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It is important to note that the average ERP does not always resemble waveforms
produced in each individual trial. For example, when the waveforms in individual
trials show a bimodal distribution with regard to their amplitude or latency, the
averaged waveform will fall in the middle of the two modes, and thus it will not
represent the actual amplitude or latency in any of the individual trials ."T o reduce the
risk of obtaining an average ERP that misrepresents individual events, an adequate
ERP experiment should include sufficient number of trials, maintain a high level of

interstimulus consistency within each condition, and encourage participants to keep

minimal differences in latency variability across trials.
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Figure 2-1. An idealised waveform of event-related potential

A standard ERP waveform is characterised by a sequence of positive-going and
Negative-going deﬂecfions which are usually called ERP components (see figure 2-1).
It is labelled N (negative) when it is oriented towards negative amplitudes or P
(positive) when oriented towards positive amplitudes. The number refers to the serial

Position of the peak in the sequence of peaks in the waveform (e.g., P2 for the second
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positive component). It is also common to use precise latencies such as N40O for the
negative-going wave peaking at 400 ms.

While technical and theoretical issues in the extraction and definition of ERP
components can easily justify a whole book chapter (Donchin, 1979; Naatanen &
Picton, 1987; Picton & Stuss, 1980; Rugg & Cole, 1995b) or even a bqok, we will
only cover two main points here. As described earlier, ERP measures voltage changes
on the scalp result from the summation of electrical activities in the brain. Electricity
Is not propagated in a fixed direction through a conductive medium (i.e., brain tissues);
instead, they spread out through the conductor. This means that a single voltage
recorded at a particular electrode (i.e., one location on the scalp) at a particular time
can be produced by an infinite number of source configurations depending on the
timing and location of each generator. The nature of volume conduction blurs the
surface distribution of voltage so that there is no absolute spatial correspondence
between ERPs observed at the surface of the head and the activities of underlying
neural systems. There are methods that can effectively reduce the blurring (e.g.,
Gevins et al., 1999; Pemier et al., 1988; Tucker et al., 1994) and recently, researchers
are experimenting simultaneous recordings of EEG with functional neuroimaging
tools (Ritter & Villringer, 2006). These may enhance the relationship between
topogréphical ERP data and underlying source in the near future.

The second issue concerns the functional definitions of ERP components.
Although the general trend is that early components are mainly associated with
automatic, sensory, modality-dependent processing of stimuli and late ones are
associated more with strategic, cognitive, modality-independent processing (Picton &
Hillyard, 1988; Polich, 1993), two issues need to be kept in mind: First, one

component often reflects a number of subcomponents (e.g., the N2 family Luck &
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Hillyard, 1994; Naatanen & Picton, 1986) which can only be teased apart by discrete
experimental designs. Second, depending on a variety of factors, ERP components
with the same labels may not reflect the same underlying brain activity across
experiments. For the second point, experiments in the current study will provide a
vivid illustration. .

Spatial resolution is perhaps the only significant disadvantage of ERPs in
comparison with other physiological techniques such as brain imaging. It is generally
agreed that the spatial resolution of ERPs is in the order of the centimetre whereas
that of Functional Magnetic Resonance Imaging (fMRI) and Positron Emission
Topography (PET) is in the millimetre range. Despite this, ERPs hold great promises
in terms of non-invasiveness, cost, and, particularly, temporal resolution (which is in
the order of the millisecond). As compared to standard behavioural method (i.e., RT
and ER), the most significant benefit of using ERPs is that they reflect the complexity
of cognitive processes from the onset of stimulus presentation up to the response and
beyond. For most models of cognitive psychology within the infbrmation—processing
framework, an overt response to a cognitive task is expected to be the consequence of
at least three distinguishable stages of processes: perception, processing, and
execution. Effects on reaction times and error rates are often difficult to relate to a
Speciﬁé stage of processing. With ERPs, it is not only possible to determine at which
Stage(s) experimental treatments affect a particular condition, but also to examine
hypotheses regarding the timing of various cognitive processes in a general sense
(Jennings & Cole, 1991). The next section will provide some examples of ERP

studies for both purposes.
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2. 2. ERPs in linguistic and neurolinguistic research: the N400 and the N2 family

Language is heard in our everyday environment, it is processed naturally, rapidly
and effortlessly in real life. In normal individuals, the process from the intention of
speaking to the point of utterance is spontaneous and arguably often unconscious. The
same is true of the stage from seeing a string of letters (or other symbqls) and
accessing its meanings. However, both speaking and reading involve a multi-stage
process which activates a distributed neural system (Davis, 2004; Fiez & Petersen,
1998; Pulvermuller, 2001). As discussed in the previous section, the high temporal
resolution of ERPs makes them ideally suited for the investigation of language
processing. Early psycholinguistic studies using ERPs have re-examined a variety of
phenomena that have been established in the behavioural psycholinguistic literature.
In the domain of language comprehension, influences of lexical properties such as
word length, concreteness, lexical frequency, and grammatical class on behavioural
tasks have been shown to associate with specific patterns of ERP modulations (for
thorough reviews see Bentin et al., 1999; Friederici, 2004; Hauk.et al., 2006; Simon et
al., 2004). Although findings may differ between studies depending on the specific
parameters of experiments, three main components known as the N200, the N400, and
the P600, are the most commonly repoited indices of language processing. Since the
P600 ié mainly elicited by grammatical-syntactic manipulations and is most relevant
in the case of phrases and sentences (Friederici et al., 1996; Gunter et al., 2000; Kaan
et al., 2000; Osterhou; & Holcomb, 1992) but see (Kuperberg, 2007) for a dissenting
opinion. The following review will concentrate only on two components, the N200
and the N400, which are elicited in single word processing.

The N400 is perhaps the most studied electrophysiological correlate of language

processing. It was originally reported by (Kutas & Hillyard, 1980) who described a
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negative-going waveform that peaked at around 400 ms in response to semantic
incongruence of a word in a sentence. For example, when sentences such as “it was
his first day at cup” are presented one word at a time on the screen, a large N400 is
elicited on average by the unexpected endings. Conversely, a small N40O is observed
when the sentences end in a semantically appropriated word (‘work’ im the example
above). This effect is mostly significant over the central and parietal region of the
scalp and relatively symmetric between the two hemispheres. The N400 can also be
observed for word pairs (Bentin et al., 1985; Holcomb, 1988; Van Petten, 1993). A
reduced N400 is elicited when the second word of a pair is related to the first (e.g.,
doctor-nurse) as compared to unrelated (e.g., window-nurse). In comparison to the
sentence-elicited N400, the word-elicited of “lexical” N400 is similar in scalp
distribution and latency, but it is usually smaller in amplitude. Interestingly, the
absence of correlation between the lexical N40O and participant performance in LDT
tasks performed simultaneously has been shown repeatedly, whereas a strong negative
correlation between the amplitude of N40O and recognition accu-racy has been
reported in sentence contexts (Van Petten, 1993).

The N40O effect has also been widely documented in the auditory modality
(Anderson & Holcomb, 1995; Holcomb & Neville, 1990, 1991). A characteristic of
auditoﬁ N400 effect is that, compared to the visual modality, the divergence between
related and unrelated conditions begins earlier and lasts longer. In particularly, the
onset of the N400 effgect in the auditory modality is within the duration of the
presentation of spoken words. This difference has been accounted for in terms of
processing mechanisms underlying speech comprehension. It is well-established in
the psycholinguistic literature that the recognition of a spoken word can take place

before all the acoustic information is perceived (Grosjean, 1980; Marslen-Wilson,



48

1987; Marslen-Wilson & Tyler, 1980; Tyler, 1984). According the COHORT model
(Marslen-Wilson, 1987; Marslen-Wilson & Tyler, 1980), a word presented auditorily
is recognised at the point at which other candidate words can all be rejected. This
“uniqueness point” usually precedes the end of the acoustic trace of the word and can
be further advanced by co-articulation and other contextual informatidn (e.g., in the
case of priming).

The characteristics of the auditory N40O bring up an issue when making
temporal inferences from ERP data. While the N40O has been considered an index of
processing-semantic information during language comprehension, some authors
assume that meaning is accessed approximately 400 ms after the onset of word
presentation. This view is however misleadihg. Access to meaning is probably
reflected in the onset of the N40O wave, i.e., the time at which the waveforms from
two conditions (i.e., related and unrelated) begin to differ, rather than the peak of this
4 difference (e.g., Thierry et al., 1998). While the N400 usually peaks at 400 ms after
stimulus onset, the actual divergence in the waveforms appears at around 200 ms in
visual experiments and even earlier in auditory experiments. The timing of this
separation of ERPs is also consistent with existing evidence from empirical work
(Saboli& De Rosa, 1976), which showed that the average encoding time of single
word was 183 ms. Therefore, it may be better to consider that semantic access occurs
approximately 200 ms before the peak time of the N400.

Apart from temporal considerations on ERP data, there are several theoretical
issues that are important when using ERPs and, in particularly the N400, in the study
of language comprehension.

Although the N400 was first described in response to contextual violations (e.g.,

semantic incongruence or unrelatedness), it is not only sensitive to the processing
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semantically anomalous stimuli. It is neither an index of only contextual or priming
effects. Instead, the N40O seems to be sensitive to the difficulty in the process of
retrieving conceptual infomiation from long-term memory. This view is supported by
substantial and accumulating evidence that factors that potentially influence the ease
of accessing semantic information modulate ERPs in the N40O range. ‘At the lexical
level, the N400 has been shown to strongly respond to repetition both within (Bentin
& Peled, 1990; Rugg, 1985; Rugg & Doyle, 1994) and across modalities (Holcomb et
al., 2005; Joyce et al., 1999), whether the repetition occurs immediately or within a
few trials of the first presentation. Other factors such as word imageability (Swaab et
al., 2002), concreteness (Kounios & Holcomb, 1994), lexical frequency (Rugg, 1990;
Van Petten, 1993), word classes (content words versus function words Brown et al.,
1999; Neville et al., 1992), and relatedness at orthographical, phonological, and
morphological level (Kutas et al., 2000), also influence the amplitude and sometimes
_ other dimensions of the N400 sometimes independently and sometimes in an
interactive manner. The general picture painted by these studies is that stimuli that are
difficult to comprehend elicit large N40O amplitudes and vice versa.

As the N400 has been often associated with semantic processixlg, a natural
hypoth_esis is that the effect is languagé;selective. However, this hypothesis is only
partially supported. Early studies comparing contextual violations in sentences to
music, geometric shapes, or picture-pairs have claimed that the processing of
non-linguistic stimuli did not elicit (Besson & Macar, 1986, 1987) or at least partially
dissociated (Barrett & Rugg, 1990b) from a typical N400 effect. Furthermore, while
pseudowords have been shown to elicit comparable N400 as real words, words that
are spelled backwards produce nd such effects (Holcomb & Neville, 1990). This |

evidence suggests that the N40QO is particularly selective to “language-like” stimuli,
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even though semantic priming studies using non-verbal meaningful stimuli such as
pictures and environmental sounds have shown N400 modulation of similar
magnitude as that found in lénguage priming studies. Recently, an increasing number
of studies have reported significant temporal and functional overlap in the N400
waves associated with linguistic and non-linguistic stimuli (Federmeier & Kutas,
2001; Ganis et al., 1996; Jemel et al., 1999; Pratarelli, 1994). In these studies,
cross-modal comparisons often reveal differences in the scalp distributions, which are
interpreted in terms of distinct neural generators underlying the processing of
modal-specific inputs, whereas temporal coincidence is taken to suggest that there is a
common amodal processor for conceptual information.

The issue of language-specificity of the N400 has not yet been settled because
studies supporting each side of the argument often differ in an important aspect.
Studies using non-linguistic stimuli which contain little semantic information (e.g.,

. melodies, geometric shapes, and backward words) generally find no comparable N400
effect between verbal and nonverbal stimuli (see Koelsch et al., 2004 for an
exception). Studies using non-linguistic but meaningful stimuli such as pictures (West
& Holcomb, 2002) and environmental sounds (Van Petten & Rhéinfelder, 1995) have
found such effects. Therefore, on the o;le hand, the absence of N400 can be related to
a lack of semantic content in the stimuli; on the other hand, the presence of an N400
can result from internal verbalisations of meaningful stimuli that prompt encoding
with words. As will be discussed in later chapters, some of the experiments reported
in the present research create a condition in which non-linguistic processing of
meaningful stimuli is tested in the N40O range, while, at the same time, the potential

involvement of verbal encoding is monitored (see Chapter 8).
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Although the precise nature of the N40O is still undetermined, it doubtlessly
represents the mostly widely used ERP index as dependent variable in studies of
language processing. Interéstingly, in the relatively young literature of
electrobilingualism (i.e., electrophysiological studies of bilingual language
processing), another ERP component, the N2 or N200, which is seld:)m associated
directly with the processing of linguistic information has received exceptional
attention. In the field of bilingual word production, in particular, the use of the N2
dominates that of the traditional N40O because of its relation to response inhibition.

As suggested by its name, the N200 (or N2) is a negative-going waveform
peaking at around 200 ms after stimulus onset. Since the N2 is amongst the most
thoroughly studied families of ERP components, functionally distinct components
have been identified within this time window. The best known are the N170 which is
thought to be selectively sensitive to faces (Bentin et al., 1996; Rossion et al., 1999)
but also see (Thierry et al., 2007) and the Mismatch Negativity (MMN) which reflects
the detection of infrequently presented sensory stimuli (deviant) amidst frequent
stimuli forming a baseline (standard) in the absence of overt attention (Alho, 1995;
Naatanen, 1992; Naatanen & Alho, 1995). Details of other N200 subcomponents can
be found in Luck & Hillyard, (1994) aﬂnd Naatanen & Picton, (1986).

What makes the N200 a useful tool for studies of language processing is its
particular sensitivity to response inhibition. In a typical Go/noGo paradigm,
participants are asked to respond (Go) to one class of stimuli while ignoring (noGo)
the others. As originally reported by Pfefferbaum et al. (1985), withholding responses
in the noGo condition elicits a negative-going peak in comparison to the Go condition.
The increased amplitude of the NZOO has been associated with inhibition at a |

high-level of executive control. In subsequent studies, the N200 sensitivity to



52

inhibition was shown to be independent of modality and task (e.g., perceptual,
cognitive, and obviously, lar_lguage-related Eimer, 1993; Frings & Groh-Bordin, 2007,
Jodo & Kayama, 1992; Rahman et al., 2003; Thorpe et al., 1996).

While the N40O0 has been shown to reflect processes underlying meaning
construction that are relatively fixed temporally, the time course of the" N200 effect
depends on the type of task and information under processing. Therefore, it has been
widely used to study the time course of psychological processes taking place at an
early processing stage. Using this index in a lateralised readiness potential study, for
instance, N200 effects have suggested that, during picture naming, conceptual access
precedes phonological access by 170 ms in German (Rodriguez-Fornells, Schmitt et
al., 2002). That is, the N200 modulation driven by access to conceptual information
was found 170 ms before the N200 modulation correlated with responses based on
Phonological information. In both speaking and listening, semantic processing is
- argued to precede syntactic processing by 70-80 ms in German (Schmitt et al., 2001)
and syntactic information such as gender is accessed 60 ms before phonological
information in production (van Turenout et al, 1998). Similar studies have been
conducted in Chinese to reveal the relaFive time course of the access to various
linguistic features of Chinese characters. (Zhang, Damian et al., 2007; Zhang, Weekes
et al., 2007; Zhang & Yang, 2007).

Having described the background and applications of the N200, a comparison
can be made between the N200 and the N400. A point worth raising here is that,
although N200 modulations have been used as temporal markers for specific
cognitive processes, they remain an indirect measure because they only index the
underlying process of inhibition. On the other hand, although the stimuli do not héve

to be linguistic in nature, the N400 is fundamentally sensitive to semantic processing,
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which is arguably the most critical aspect of language. Also, there may still be a time
delay between the availability of linguistic information and the onset of the N200 due
to decision-making. This undercuts the precision with which the N200 tracks down
psychological processes. Moreover, since the N200 is only observed under conditions
requiring response inhibition, it is unknown how the experimental taslz creating this
context may have itself affected the way in which language is processed as compared
to normal functioning. Third, making a Go/Nogo decision requires conscious
evaluation of the task instruction and stimulus information. The extent to which the
N200 effeci reflects unconscious processes which constitute a large part of language
processing is unknown. Further considerations on the interplay of the N200 and the
N400 as electrophysiological tools in the study of languages will be presented in the

context of bilingual functioning in the next chapter.



54

ERPs and Bilingual Language Processing:

A Selective Review

Although early applications of event-related potentials (ERP) to the study of
bilingual language processing date back more than twenty years (Fisclnller et al., 1987,
Meuter et al., 1987), other more recent neurophysiological approaches to bilingualism
such as functional magnetic resonance imaging (fMRI) appear to have been more
influential. Indeed, in a number of recent reviews of psycholinguistic and
neurolinguistic literature, ERP studies have received considerably less attention than
other neurophysiological methods (Bhatia & Ritchie, 2004a; Kroll & De Groot, 2005;
Paradis, 2004) but see also (Mueller, 2005). However, as discussed in the previous
chapter, ERPs have remarkable advantages for investigating cognitive processes
underlying language processing in general and bilingual functioning in particular.

- Their fine temporal resolution and the existence of components reflecting particular
cognitive processes, such as perceptual, phonological, syntactic and semantic analyses,
provide invaluable information regarding the interplay of L1 and L2 processing at
different linguistic levels.

For the purposes of the present thesis, this chapter selectively reviews ERP
studies on bilingual language processing that focus on the issue of separated versus
integrated system (see Chapter Two). While the review is restricted to lexical and
semantic access in L2, it is noteworthy that important contributions addressing
different issues have been made, including phonological processing (Grubb et al.,
1998; Sebastian-Galles et al., 2006; Winkler et al., 1999), morphology (De Diego
Balaguer et al., 2005), syntax (Kotz et al., 2007; Weber-Fox & Neville, 1996, 2001),

grammar (Elston-Guttler & Friederici, 2005), levels of L2 proficiency (Elston-Guttler,
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Paulmann et al., 2005), and code-switching (Jackson et al., 2001; Proverbio et al.,

2004),

3. 1. ERP studies on second language comprehension

ERP studies of bilingual language comprehension generally belo;lg to two
categories. Early studies were mostly “explorative” and therefore fundamentally
empirical in nature. While these studies relied on existing knowledge of particular
ERP components to characterise the language processes involved, they often made
little use of the psycholinguistic literature established on the basis of behavioural
research. As a consequence, findings from these studies tend to be stand-alone, as will
be discussed later, i.e. they are difficult to interpret in the framework of
psycholinguistic theories and cannot be readily compared with one another. More
recently however, a number of ERP studies have tested specific predictions within the
" framework of existing psycholinguistic models. Not only do these studies provide
additional support for well-established behavioural effects, but also they extend our
understanding of the underlying processing mechanisms. Given that each type of
study has its own advantages (see Dijkstra & Van Heuven, 2006; Grosjean et al.,
2003), we will describe both types and attempt to incorporate their contribution into a
coherent account of bilingual processing.

Ardal et al. (1990) were the first to describe the N400 in bilingual participants.
Using a typical sentential priming paradigm, the N400 effects were observed in a
group of English monolinguals and a mix of English-French and French-English
bilinguals who were fluent in both languages. The N400 effect was delayed when
bilinguals read sentences in L2 as compared to L1. The N400 amplitude was also

reduced in L2 as compared to L1, but this reduction was only significant over the



56

frontal area of the scalp. Behavioural results, measured by recognition and recall tests
post-experiment, did not differ between monolinguals and bilinguals. The delay of
peak latency in bilinguals was interpreted as a reduction in automaticity of L2
processing. Interestingly, the age of acquisition for L2 did not distingliish bilinguals in
terms of N400 latency and amplitude; thus, the authors concluded that current fluency
in L2 was the main factor affecting N40O patterns in bilingual participants.

Subsequent N400 studies have generally replicated the findings of Ardal et al.
(1990). With the exception of a couple of studies showing no significant differences
between German monolinguals and Japanese-German bilinguals (Hahne & Friederici,
2001; Sanders & Neville, 2003), most N400 results point to a delayed peak latency
and/or reduced amplitude in bilinguals as compared to monolinguals (Hahne, 2001;
Kutas & Kluender, 1991; Moreno & Kutas, 2005; Phillips et al., 2004; Weber-Fox &
Neville, 1996). However, the claim that current fluency, rather than age of acquisition,
‘ determineg N400 characteristics is only partially supported.

Weber-Fox et al. (1996) compared bilinguals across five groups of age of L2
acquisition (i.e., 1-3, 4-6, 7-10, 11-13, and 14-16) and found that only those who
began to learn their L2 after the age of 11 display an N400 peak delay typical of
bilinguals. Although L2 fluency was not accurately measured in this study, the
differences between early and late bilinguals suggested that prolonged exposure to L2
might affect semantic processing on a large scale. While the effect of L2 fluency was
also evident when less proficient bilinguals were compared to highly proficient
bilinguals (Phillips et al., 2004), studies which take into account both fluency and age
of acquisition usually demonstrated a high correlation between the two factors
suggesting that their influences on L2 processing cannot be effectively dissociated

(Hahne, 2001; Moreno & Kutas, 2005).



57

A detailed analysis of the N40O in bilinguals has shown that the N400 peak
latency and amplitude in the semantically correct condition is similar to that of
monolinguals, whereas it is delayed and larger in the semantically violated condition
(Hahne, 2001; Hahne & Friederici, 2001). Furthermore, depending on the age of L2
acquisition, the bilingual N40O has been shown to distinguish categorical from
associative relatedness in semantic priming. In late bilinguals, who have acquired
their L2 after the age of 12, associated word-pairs (e.g., rose-love) induce an N400
priming effect that is not found for categorical word-pairs-(e.g., table-chair) (Kotz &
Elston-Guttler, 2004). By contrast, in early bilinguals, the N400 is sensitive to both
types of priming (Kotz, 2001).

Curiously, behavioural data in neither of the above two studies showed evidence
for an effect of categorical priming. The mismatch between behavioural and ERP data
is not surprising itself since a number of authors have reported a similar observation
\ (McLaughlin et al., 2004; Tokowicz & MacWhinney, 2005). It is, however, surprising
that no behavioural effect of categorical priming was found even in the case of
advanced .bilinguals. Unfortunately, the absence of monolingual controls in these
studies makes it difficult to determine whether the observed differences between
associative and categorical priming were the result of asymmetric development of
different types of semantic information in bilinguals, as indeed concluded by the
authors, or whether they were due to the particular set of stimuli used by the authors.

Another interesting observation regarding Kotz et al. (2001) and Kotz et al.
(2004)’s studies is that their results have been interpreted in the framework of the
RHM (Kroll & Stewart, 1994): bilingual performances on categorical and associative
tasks have been taken as indication for the development of the word-concept and

word-word links respectively. However, I would like to point out that the main
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hypothesis of the RHM is that, depending on the level of proficiency, bilinguals have
two possible routes by which the forms of L2 words are mapped onto their concepts:
direct conceptual links (conceptual mediation) and lexical links via L1 translations
(word association). While categorical priming has been used widely to" test semantic
access, considering associative priming (e.g., heart-love) as an index of word
association in the RHM may be inappropriate, because word association as defined by
Kroll and Stewart (1994) refers to lexical connections between L1 and L2 (i.e.,
between translation equivalents). Both the categorical and associative priming used in
Kotz, (2001) and Kotz & Elston-Guttler, (2004)’s experiments involved explicit
conceptual evaluation. Therefore, these conditions cannot adequately distinguish
semantic from lexical levels of representations which is the principle of the RHM.

Alvarez et al. (2003) directly tested the predictions of the RHM using ERPs.
Beginning English-Spanish bilinguals were engaged in a semantic categorisation task
~ on words from the two languages (“press a button when the word refers to a part of
the body in either language”). Critical items were words that repeated the word in the
previous trial (i.e., immediate repetition) both within and across languages. An
advantage of this design is that while the categorisation task ensures semantic
processing of the stimuli, it does not require explicit translation. Furthermore, the
translation equivalents used in this study were non-cognates that had little or no
orthographic and phonological overlap. This should have constrained possible sources
of repetition effects m the between language condition.

Repetition effects, as manifested by the reduction in N400 amplitudes, were
larger when both words were in Spanish (L2) as compared to when they were in ,
English (L1). The authors explained this difference in terms of the proficiency of

bilinguals in their L.2: Since Spanish words were newly acquired and more difficult to
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process than English words, bilingual participants benefited more from repetition
priming in Spanish than English.

The results of cross-language repetition effects were more complicated. First, the
reduction in N400 amplitudes was similar for both language orders (i.e., L1-L2 and
L2-L1). As these effects were supposed to be semantically driven (given the relative
absence of overlap in other stimulus properties), they were most compatible with the
conceptual mediation model which suggests that access to word meanings in L2 is
direct and comparable with that of L1. However, the finding was unexpected given
the level of L2 proficiency of bilingual participants tested in this study. As the RHM
argues, a direct conceptual route to L2 semantics is developed only when bilinguals
become highly proficient in their L2.

The temporal pattern of N400 effects provided yet a different perspective. The
time-course of L1-L2 priming was significantly delayed as compared to L2-L1
» priming. This difference goes against the interpretation that cross-language repetition
priming is conceptually mediated in both directions. In fact, this finding is more
consistent with the word association model which suggested that the L1 translation
equivalent is activated when a word in L2 is processed. This would be accounted for
by the following theoretical mechanism: When an L1 word preceded by its translation
equivalent in L2 is being processed, repetition priming starts immediately at the
lexical level of L1 because this information had been accessed upon presentation of
the prime in L2. In thé L1-L2 condition, however, repetition priming would only start
once the L2 word activates its L1 translation equivalent because the L1 prime is less
prone to activate the equivalent lexicai form in L2. As a result, the priming effect is

selectively delayed in the L1-L.2 direction. The findings of Alvarez et al (2003)
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provided the first ERP evidence for the existence of translation asymmetries that had
been previously described in a number of behavioural studies.

Although Alvarez et al. (2003) brought important insights into how ERPs can be
applied to test predictions of models based on behavioural data, the ex"perimental
tasks used in the study did not differ significantly from the tradition of
psycholinguistic studies which use a mix of languages, and therefore, it is subject to
the same interpretational limitations. While the semantic categorisation task itself
does not require translation, the use of a mixed-language design and the length of the
inter-stimuli interval (2.7 seconds) enable participants to overtly translate each word
before the onset of the next trial. Since bilingual participants are more likely to
translate L2 words into L1 than the reverse, the extent of cross-language priming
might be artificially increased in the 1.2-L.1 as compared to the L1-L2 direction.

Additional evidence for cross-language activation at the level of translation
\ equivalents was found by testing bilingual processing of distinct L2 translations of a
single L1 homonym (Elston-Guttler, Paulmann et al., 2005). Previously,
Elston-Guttler et al. (1996) found behavioural evidence for an inhibitory connection,
or reversed priming, between semantically unrelated L2 translations of L1 homonyms.
Reversed priming in the N200 component and RT was found when bilinguals read
English (L.2) word-pairs, such as “pine - jaw”, in which both words have the same
translation in German (kiefer). This effect was influenced by L2 proficiency and
sentence context: Only low-proficient bilinguals exhibited both the RT interference
and ERP effects in the single word context (as opposite to sentence context). Most
critically, the ERP modulation was observed in the N200 instead of the N40O range,
which suggests that translation into L1may have occurred at the orthographic rather

than semantic level. Although this conclusion warrants replications, it is in line with
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the hypothesis of lexical connections and shared conceptual store between L1 and L2
in the RHM.

While findings of Alvarez et al. (2003)’s and Elston-Guttler et al. (2005)’s study
can be generally interpreted within the framework of the RHM, they c"ontrast with
findings of an ERP study by Rodriguez-Fornells et al. (2002) which has challenged
psycholinguistic theories of cross-language activation in bilinguals. Spanish-Catalan
bilinguals were engaged in a language decision task (“press a button when the word is
from the target language while ignoring words in the other language and
pseudowords”). ERPs to words in the non-target language were insensitive to the
lexical frequency of the stimuli presented, indicating that bilinguals did not access the
meaning of words presented in the non-target language despite the mixed-language
context of the experiinent. The authors concluded that, instead of activating both their
languages automatically, bilinguals could effectively filter out the activation of words
" in the non-target language at a relatively early stage of processing, i.e., prior to
engaging into semantic analysis. Moreover, fMRI data acquired in parallel during
target language processing showed activities in cortical areas that have been
associated with phonological processing. This finding leads the authors to speculate
that bilinguals might have adopted an indirect route to semantics based on
phonological information and this enabled effective prevention of cross-language
interference.

To reconcile the‘discrepancies between Rodriguez-Fornells et al’s (2002) study
and the evidence of cross-language activation that has been accumulated over years of
research, one might turn to the upiqueness of the bilingual population employed in the
study. Spanish—Catalan is one of the rare language combinations in which the two

languages are highly transparent and acquired so simultaneously that speakers might
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not always be able to distinguish L1 and L2. The very high level of proficiency in
both languages might result in an exceptional ability of language control. However, a
more direct explanation for the findings of Rodriguez-Fornells et al. (2002) study may
lie with the chosen experimental tasks. While the response decision (“Press the button
or not”) was dependent on the type of language, the hand with which the button was
to be pressed was determined by the nature of the first letter of the word —vowel or
consonant. This second component of the task invited participants to focus their
attention on phonological properties of words which may-have in turn enabled relative
language independence. This would explain why cortical activations were mainly
found in areas of the brain traditionally associated with phonological processing (e.g.,
posterior inferior frontal area). For a more extensive discussion on the experimental
parameters and potential limitations of Rodriguez-Fornells et al’s (2002) study, see
(Grosjean et al., 2003).

Although the dual-task used by the authors might have biased lexical and
semantic processes, Rodriguez-Fornells et al’s (2002) results suggested that language
independence is achievable under particular experimental circumstances and in a
particular case of highly proficient bilingualism. This conclusion was partially echoed
in a recent study on bilingual auditory word processing (Phillips et al., 2006). ERPs
were recorded from a group of proficient English-French bilinguals during an
adaptation-release task in which the prime word was presented four times prior to a
single presentation of the target word. In the critical condition involving a change in
language, in which the target word was the translation equivalent of the prime, no
evidence for cross-language activations in forward translations (i.e., L1-L2) was
found. The ERPs to translation equivalents in 1.2 were comparable with unrelated

words in L1 suggesting that bilingual participants did not activate any L2 information
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while processing words in L1. In the case of backward translation (i.e., L2-L1),
however, a small but significant N400 effect was found establishing semantic priming
from L2 to L1. Critically, another hypothetical ERP component, the phonological
mismatch negativity (PMN) which is sensitive to phonological expecsancy (Connolly
& Phillips, 1994) was also significantly modulated. This suggests that multiple
presentations of a word in L2 fails to prime phonological information of its translation
equivalent in L1, which is evidence against the word association model of the RHM.

In addition to methodological differences that often exist among studies on
bilingual processing, the findings of Phillips et al. (2006)’s study raise the question of
the comparability of lexical and semantic processing between the visual and auditory
modalities. Unfortunately, there is a great paucity of ERP studies of auditory word
processing in bilinguals. Ideally, therefore, experiments focusing on a particular
question should be conducted in both modalities, allowing for direct comparisons of
' reading and listening. This is also a goal that I pursued in the current thesis.

Besides studies on bilingual processing of translation equivalences, which are all
relevant té the testing of RHM assumptions, ERPs have also been used to investigate
the hypothesis of language-nonselective access and context effects described in the
BIA and BIA +models (Dijkstra & Van Heuven, 1998, 2002). In particular, a series of
ERP studies has attempted to replicate and further explore bilingual responses to
interlingual homographs, which have been extensively used in behavioural studies.
For instance, cross-lahguage semantic priming effects indexed by N400 modulation
have been shown using interlingual homographs (De Bruijn et al., 2001;
Elston-Guttler, Gunter et al., 2005; Paulmann et al., 2006).

One key question here is whether or not the language context in which the

participant is tested can exert a top-down influence on lexical processing. For instance,
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De Bruijn et al. (2001) showed that the English-Dutch homograph angel (meaning
“sting” in Dutch) primes the English word “heaven” irrespective of whether it is
preceded by an English or a Dutch word. At first glance, this result speaks against a
strong influence of immediate language context on lexical processing and stresses the
preponderance of bottom-up processing. However, it could also be argued that the
language context set by a single word is insufficient to induce observable effects on
lexical processing, especially when the two languages are overtly mixed in the
experiment, thus requiring permanent shifts between L1 and L.2. To address this
question using a more naturalistic set up, Elston-Guttler et al. (2005) presented
bilingual participants before the ERP testing session with a film excerpt narrated in
either their L1 and L2. This “global language priming” preparation affected language
non-selective activations. After a group of German-English viewed a 20-minutes film
narrated in English, they were able to “zoom into” an all-L2 context whereby
interlingual homographs effects of L1 on L2 were minimal, contrasting with the
typical interlingual homograph effects seen when the preparation film was in German.
Since the present research does not focus particularly on contextual factors, the
current review does not go beyond the conclusion that the extent to which L1 and L2
are activated in a nonselective manner is under the influence of general task demands
and global language context.

In an extension of De Bruijn et al. (2001)’s study, Kerkhofs et al. (2006)
replicated the semanﬁc priming effects and showed that the N40O amplitude is
sensitive to the lexical frequency of interlingual homographs in both L1 and L2
independently. When Dutch-English bilinguals performed an English LDT on
Dutch-English homographs, the frequency of the English reading (L2) was inversely

related to the amplitude of the N40O, while the frequency of the Dutch reading (L1)
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was positively related to it. In other words, the easier the English reading (task
relevant) of the homograph, the smaller the N400 whereas the easier the Dutch
reading (task irrelevant) of the homograph, the larger the N40O.

Kerkhofs et al. (2006)’s findings are remarkable because they no"t only provide
evidence for language nonselective access, but also suggest that lexical frequency
effects on the N40O are dependent on task demands, an idea that has seldom received
support in previous monolingual research. Apparently, there was an inhibitory
relationship between the ease of task-irrelevant reading (Dutch) of homographs and
the facility of LDT in English. Unfortunately, the study did not show whether
language nonselective effects of lexical frequency are also present when bilinguals
read in their L1. Indeed, one couls expect the reverse pattern of results when the
language of LDT is changed to L1. Furthermore, this study involved no monolingual
control groups in either of the bilinguals’ two languages. This is a potentially
important limitation because it is speculative to attribute any effects of bilinguals’ L1
on L2 processing to parallel activations of both languages unless these effects are (a)
absent in monolingual speakers of 1.2, and (b) comparable with. that of monolingual
speakers of L1. An in-depth discussion of this issue will be presented in the next
chapter to explain the purpose of the design used in the set of experiments reported in

the present thesis.

3. 2. ERP studies on‘ second language production

As discussed in the chapter dealing with ERP methodology, ERP recordings are
Vvulnerable to electrical interference generated by motion artefacts (task-irrelevant
movements) such as facial movement, eye movements, and eye-blinks. Movements

during articulation, in particular, severely affect ERP signals. This limitation has
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restricted the use of ERPs in the study of overt language production. Most ERP
studies on language production have resorted to the go/nogo task (Miller & Hackley,
1992) in which the naming process is tested implicitly. For example, in a simple
go/mogo paradigm, participants are instructed to classify pictures dept:.nding ona
semantic feature (e.g., animal or object) or a phonological feature (e.g., vowel or
consonant of the first letter) by pressing or releasing a response button. As reviewed
in the previous chapter, the N200 (or N2) component which reflects response
inhibition is the targeted index in such go/nogo paradigms. In the N200 time window,
the nogo trials often elicit more enlarged amplitudes as compared to the go trials.

By studying the time course of the N200 effect, 2 number of studies has assessed
the relative timing of the retrieval of conceptual, syntactic, and phonological
information during language processing (Rodriguez-Fornells, Schmitt et al., 2002;
Schmitt et al., 2000; Schmitt et al., 2001; van Turennout et al., 1997). Recently, Guo
et al. (2007) found that modulation of the N200 by semantic manipulations occurred
170 ms earlier than modulations induced by phonological manipulations in a group of
non-proficient Chinese-English bilinguals naming pictures in English. This finding
suggests that, consistent with the general language production models (Levelt, 1989),
semantic information is available before phonological information during 1.2
production.

A few studies have addressed the issue of L1-L2 interactions more directly in
production by asking whether or not, and to what extent, the information of both L1
and L2 is accessed in parallel when bilinguals speak in one language.
Rodriguez-Fornells et al. (2005) tested a group of early German-Spanish bilinguals in
a covert picture-naming task. To ensure that speech planning took place, the

participants were asked to press a button when the picture name began with a vowel
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and withhold their response when the picture name began with a consonant. In the
critical condition of “noncoincidence”, the names of the picture in the target language
and the nontarget language invited contradictory responses (go and nogo). This
interference manifested itself by increased N200 amplitude in bilinguals as compared
to monolingual controls, showing that bilingual participants “considered” information
from both their languages while making a decision. This result is consistent with
cross-language activation down to the phonological level during bilingual language
production.

It is worth mentioning that Rodriguez-Fornells et al. (2005)’s study was
conducted with fMRI as well as ERPs. The fMRI data provided a neurofunctional
interpretation of the N200 effect, mostly in terms of executive control. As discussed
briefly in the previous chapter, the N20O is not specific to language but rather related
to response inhibition in relation to executive control in general (Pfefferbaum et al.,
1985; Thorpe et al., 1996). Modulation of the N200 in the study of language
production therefore suggests that necessary information has become available to
determine whether or not a response is to be given. As the N200 component only
reflects the stages of processing in language production indirectly, there are
limitations to interpretations built exclusively on such data:

First, in Rodriguez-Fornells et al. (2005)’s study, the N200 effect measured in
the go trials started significantly earlier than that recorded in the nogo trials in the
noncoincidence condition. From a cross-language activation point of view, there
should be no difference between these two types of trials because both are in the
noncoincidence condition in which the information of the nontarget language conflicts
with that of the target language. The differences must have been elicited by factors

influencing the dual-choice task per se, most likely, during the execution of response.
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Therefore, a drawback of using the N200 component in the study of language
processing is that it can be affected by language-irrelevant factors influencing
response inhibition mechanisms.

Second, since the N200 effect manifests itself as a particular pattern of ERP
waveforms elicited by a specific experimental paradigm, relying on this index masks
the natural differences between the ERPs elicited in different language conditions. For
example, Liu et al. (2003) contrasted Chinese to English in a delayed naming task.
ERP modulations were compared at three time points: 150 ms, 250 ms, and 450 ms,
suggesting differences and/or similarities across languages could rise at several stages
of processing. The N200, which seem primarily a response-dependent component,
might overlook the characteristics underlying the processing of various types of
language information in different languages.

Third, another important aspect of the data that was underspecified in
Rodriguez-Fornells et al. (2005)’s study concerns the direction of the cross-language
phonological interference. In the experiment, bilingual participants named pictures in
German and Spanish in alternate blocks. Significant N200 modulations were reported
by comparing the noncoincidence to the coincidence condition in bilinguals. The
contributions to this effect of the German and Spanish blocks, respectively, were
unspecified. In other words, the authors did not discuss whether the cross-language
interference is balanced, asymmetrical, or unidirectional. However, this issue was
addressed in Guo et al (2006)’s study of a group of less proficient Chinese-English
bilinguals. ERPs were recorded when the participants performed a variant of the
Picture-word interference task in which the presentation of the picture which has to be
named in one language is followed by a word in the other language. In half of the

trials, the word is the translation of the picture’s name. The cross-language identity
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(translation) effect was found in the form of a reduction in N400 amplitude suggesting
parallel access to both languages. Critically, this effect was earlier and showed wider
scalp distribution from L1 (nontarget language) to L2 (target language) than in the
reverse direction. The asymmetry in the time course and magnitude of activation
could be attributed to the relative dominance of the two languages. This finding joined
the small but developing literature on cross-language influences in both directions
during bilingual word processing (Van Hell & Dijkstra, 2002; Van Wijnendaele &
Brysbaert, 2002), see also (Christoffels et al., 2007) for similar findings on the

cognate facilitation effect and its interaction with language context and switching

cost.

3. 3. Summary

This chapter selectively reviewed the use of ERPs in the study of bilingual
language processing. Early studies (e.g., Ardal et al., 1990) directly contrasted ERPs
of bilinguals to that of monolinguals using traditional experimental psychology
paradigms (e.g., semantic priming) and have attributed the contrasts to bilinguals’
levels of L2 proficiency and age of L2 acquisition. Other studies, discussed at greater
length, tested specific predictions of psycholinguistic models, especially those built on
the assumption of cross-language (parallel) activation in bilingual comprehension and
production. While inconsistent results have been reported (e.g., De Bruijn et al., 2001;
Rodn'guez—Fornells,l Rotte et al., 2002), discrepancies in the methodologies employed
and the bilingual populations compared render comparisons between studies tentative.

As Dijkstra et al. (2006) have argued, cognitive neuroscience needs to be guided
by theoretical views developed from an extensive body of research, based notably on

behavioural observations. Here, I would like to argue that for neuroscientific studies
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to make significant contributions to psycholinguistic literature it is not enough to
merely replicate empirical findings with advanced brain-imaging tools. Technological
advantages should lead to innovations in research methods in a broad fashion.
However, this brief review of ERP investigations of bilingualism suggests that there is
still progress to be made. The majority of ERP studies have implemented the general
paradigms used and criticised in previous behavioural investigations.

Another issue that is worth raising here again is that of the language mode
hypothesis. The state of activation of a bilingual’s languages may vary from one time
to another depending on several exogenous linguistic and contextual variables.
Therefore, claims regarding to the degree of L1 and L2 activations under particular
experimental circumstances must be cautious, because awareness of the bilingual
nature of the experiment does not only pre-activate both languages but may also
trigger a range of strategies in the participants. I have discussed this issue regarding
the use of interlingual stimuli (e.g., cognates) in chapter 2. Previous studies have
shown that unconscious access to word information can be revealed using ERPs
(Luck et al., 1996). It is therefore theoretically possible to test potential activations of
one language while in a completely monolingual context involving only the other
language (i.e., without participant awareness that the other language is involved).
Unfortunately, the ERP studies reviewed in this chapter have not capitalised on this
Capacity of ERl;s to index implicit information processing. Instead, the explicit use of
Ccognates, translation equivalents, inter-lingual homographs and active switching
between the two languages have inevitably created a dual-language context. As noted
by Rodriguez-Fornells et al. (2005), “Anecdotally, most bilingual subjects reported
that the nontarget language word “popped up” in their mind, making it hard for them

to perform the present task” (p 427).
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In sum, ERPs have opened a new window into bilingual language processing.
The selective review of the literature presented here suggests that ERP studies need to
be designed with the consideration of methodological limitations that have affected
behavioural research in the past. Among others, the issue of dual-language activation

appears to be the most inexorable. The design of the current research, takes

particularly consideration of this fact.
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Methods

The aim of this chapter is to describe the general approach of the current
research and to explain its rationale. Although the present thesis reports three
independent studies, they share in common several experimental parameters,
including, the population from which the subjects have been drawn, the general
procedure of the experiments, and the equipment that has been used. Therefore,
instead of repeating this information for each study, a generic description is provided
here. Furthermore, the same principles have guided the building of the design of all
the studies reported here and the choice of experimental tasks, stimuli, and
experimen;al factors. I feel that it is necessary to discus the benefits and compromises

/
of the general logic at a purely methodological level before the actual findings are

interpreted.

4. 1. Participants

All participants had normal or corrected-to-normal vision and self-reported
normal hearing. They were controlled for age (18 to 25), handedness, and gender
across experimental conditions. Every participant signed a consent form before taking
part in the experiments that were approved by the ethics committee of the School of
Psychology, Bangor University. The English monolingual participants were recruited
from students taking a psychology undergraduate course at Bangor University and
they recei?ed course credits for their participation. Bilingual participants were
students doing either undergraduate or master courses at Bangor University and they

were paid with money.
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Each of the studies reported here involved an independent set of fifteen

English monolinguals and fifteen English learners who speak Chinese Mandarin as

their native and only other language. So far, a convention as to what factors should be

taken into account when describing bilinguals has not been firmly established in the

"

literature. Instead of trying to fit current participants into categories that were vaguely

defined in previous studies, it might be more fruitful to develop an independent

“profile” incorporating factors that are typically considered in bilingual research (i.e.,

1, 2, 3 below) and those that are potentially important to-the particular circumstances

of the current studies (i.e., 4, 5 below).

1.

Age of L2 acquisition: the Chinese-English bilinguals started L2 formal
instruction at the age of puberty (e.g., 12 or 13). Therefore, they were
“late bilinguals” or “adolescent bilinguals™ in contrast to “early
bilinguals” (i.e., individuals who started learning their second language in
early childhood, Skutnabb-kangas, 1984). At the time of experiments,
participants had an average of 10 years training in English in China and
they have been living and studying in the UK for an average of 18
months.

Context of L2 acquisition: English (L2) was first acquired through an
extensive period of systematic school training in China. As the result of
this so-called “achieved bilingualism” (Adler, 1977), two characteristics
need to be kept in mind: first, formal language teaching at school does not
offer much opportunity to practice the language outside the classroom

environment, which tends to restrict the development of L2 competence

~and the diversity of its use (see factor 4). Second, Chinese (L1) is heavily

relied on when teaching English in Chinese schools. For example,
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word-to-word translation equivalences are traditionally used to acquire
new vocabulary in L2, rather than direct semantic mapping for instance.
Level of L2 proficiency: current experiments required a score of 6 or 6.5
in the International English Language Testing System (IELTS,

http://www ielts.org/candidates/findoutmore/article255 .aspx), which is
above the entrance requirement for overseas students in most UK
institutions, as the main criterion for competence in L2. IELTS was
chosen for three reasons. First, the test covers four main skills in language:
~ listening, reading, speaking, and writing; therefore, it provides a
multimodal measure of language ability. Second, as a conventional and
independent test, it allows a better degree of comparability and potential
replication in terms of L2 proficiency for further research, as compared to
the use of self-developed evaluation. Third, since it is recognised by
institutions in most English-speaking countries, using IELTS score as the
measure of English proficiency increases the practical value of the current
research. The drawback is that, because it is part of the University’s
entrance requirement, most participants have taken the IELTS test before
they arrived in UK and their English can reasonably be expected to have
improved significantly since. As a result, the IELTS score in the studies
reported here should be considered a measure of minimal performance
instead of an image of the current competence in English. For the same
reason, Chinese—English bilinguals might be more appropriately referred
to as “English learners” because they do not fall squarely into any specific

categories of L2 proficiency.
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4. Linguistic overlap between L1 and L2: unlike most European languages
which resemble one another in several ways (e.g., orthography), Chinese
and English are two radically distinct languages, differing in almost every
aspect. Among others, the contrast in writing systems was exploited in
one of the current studies to investigate the role of phomzlogy and
orthography in cross-language activation (see chapter 6): English uses a
24-letter alphabetic system which has a good, although not perfect,
grapheme-to-phoneme correspondence. On the other hand, Chinese uses a
monosyllabic logographic system which has no grapheme-to-phoneme
correspondence. In other words, the relationship between writing and
pronunciation is completely arbitrary in Chinese.

5. Biculturalism: language is always used within a cultural context. While
native speakers can be expected to be familiar with the culture of their
language, it is less clear to what extent bilinguals are acquainted with the
culture of their L2, especially when it contrasts sharply with their native
culture (which is the case of English and Chinese). Regarding the tasks
and stimuli used in the current experiments, cultural differences are likely
to affect relatedness judgments of particular word pairs (e.g., fish and
chips are strongly associatively related in English but much less so in
Chinese) or the prototypicality of objects (e.g., Chinese versus English

teapot, cf. the visual stimuli in appendix 5).

4. 2. Design
The aim of the present thesis is to better understand bilingual language

Processing, specifically, the level and nature of L1 activation when words are being
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processed in L.2. The first two studies addressed this question in the domain of word
comprehension (i.e., reading and listening of single words). The third study examined
word production based on picture naming. To ensure that semantic processing took
place during reading and listening in studies 1 and 2, a semantic relatedness task was
administered in which words are presented in pairs one after the othgr, and the
participant has to decide whether or not the second word (target) is related in meaning
to the first (prime) by pressing one of two designated keyboard keys.

The majority of previous research has used LDT as primary measurement of
bilingual lexical processing. However, it is unclear what processes are actually
involved during LDT, which is a meta-linguistic and therefore artificial task. As
argued by Balota (1999), the demands of LDT might interrupt or at least interfere
with normal reading or listening processes by placing the focus on lexicality rather
than meaning. The semantic relatedness task used in the present studies arguably
offered a more natural context for reading and listening comprehension in which
access to word meaning is controlled and behaviourally monitored.

To test the hypothesis that L1 is activated during the processing of words in
1.2, a factor was manipulated in L1 while the experimental procedure was entirely
conducted in L2 for bilingual participants. As Chinese and English have different
basic writing scripts, interlingual homographs (cognates and false friends) do not exist
between the two languages. Therefore, [ was in a position to test potential activation
of translation equivalences in L1 in the absence of form overlap. In the first
experiment, half of the Chinese translations of English word pairs shared a Chinese
character in common. This means that both the phonology and the orthography of the

repeated character were identical in the Chinese translations of the two English words.
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Character repetition in Chinese was built in as an implicit factor independent of the

semantic relatedness factor, thus resulting in a 2 X 2design (see table 4-1).

Table 4-1. Design and examples of stimuli, study 1

Semantic relatedness (explicit factor)

L4

Chinese character repetition (implicit Semantically Related Semantically Unrelated

factor) (S+) (S-)
Post — Mail Train — Ham
Repetition (R+) You Zheng - You Jian Huo Che ~ Huo Tui
Bt — BB KR — k%
Love — Rose Apple — Table
No Repetition (R-) Ai Qing - Mei Gui Ping Guo — Zhuo Zi
T — B ER — 5T

The second study adopted the same fundamental paradigm as the first study to
tease apart the role of phonology and orthography in the access to L1 translations
during L2 word comprehension. To tease apart phonological and orthographical
access, the character repetition in Chinese translations was split into two categories:
phonologically but not orthographically repeated character and vice versa. Therefore,
study 2 featured four independent co;lditions (e.g., semantically related,
phonologically related in Chinese, orthographically related in Chinese, and

completely unrelated; see table 4-2).
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Table 4-2. Design and examples of stimuli, study 2

Character repetition in Chinese (implicit) Semantic relatedness (explicit)
Phonological repetition (P)  Orthographic repetition (O) Related (S) Unrelated (U)
Factory — Princesses Account — Meeting Love — Rose Apple — Table
Gong Chang — Gong Zhu Kuai Ji ~ Hui Yi Ai Qing - Mei Gu’i' Ping Guo — Zhuo Zi
1T — aE &t — &I B — ¥ ¥R — BT

Note that, in the above examples (table 4-1 and table 4-2), bilingual
participants were only presented with English word pairs rather than Chinese
translations. The main benefit of this paradigm is that the manipulation in L1 is
implicit. Considering the task (semantic relatedness judgements) and the radical
contrasts between Chinese and English writing systems, bilingual participants were
therefore tested in a genuine “all-in-L.2” context. Therefore, any effects of the hidden
character repetition in Chinese would suggest that access to L1 translations is a
spontaneous, natural correlate of word processing in L2. To vérify that potential
effects of the hidden factor in L1 would indeed establish activation of L1 rather than
reflect other properties of the stimuli that I might have failed to control for (see
Materials), English monolinguals and Chinese monolinguals were included in the
stud); as control groups. The English monolinguals were tested on the exact same task
and with the same stimuli as the bilingual participants to ensure that character
repetition in Chinese does not produce spurious, confounding semantic effect. The

Chinese monolinguals® were tested on a Chinese version of the experiment and were

? The Chinese control participants were Chinese students doing a short-term English language course.
They were tested shortly after the arrival in the UK when their English was very limited. Considering
the worldwide popularity of English (especially in higher education), these Chinese beginners might
define the contemporary status of “monolinguals”.
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expected to provide a baseline showing the effects of overt Chinese character
repetition.

The third study examined bilingual word production based on essentially the
same rationale as the comprehension studies, but using pairs of pictures rather than
pairs of words. To ensure that participants would access the sound f(zrm of picture
names, they were asked to indicate whether or not the names of the pictures displayed
a phonological repetition. In the English condition, participants had to determine
whether the English picture names rthymed and, in the Chinese task, they indicated
whether or not a Chinese character was repeated. In a third task, serving as a baseline,
participants were asked to make straightforward semantic relatedness judgments. Half
of the picture names either thymed in English or featured a character repetition in
Chinese. Therefore, study 3 included four independent conditions overall (see Table
4-3). The English thyming task and Chinese character repetition task examined
potential cross-language activations in both directions. The semantic task was
expected to comparatively test the issue of contingence/independence between
extraction of semantic information and phonological encoding in bilinguals and
monolinguals. Due to practical reasons, study 3 recruited only monolingual English

participants as controls.

Table 4-3. Design and examples of stimuli, study 3

Phonological factor (implicit/explicit) Semantic factor (explicit/explicit)
Character repetition in Chinese  Rhyming in Engli
P ©) Y %IE'; nglish Related (S) Unrelated (U)
Pen - Piano Box - Fox Pencil- Eraser Leaf ~ Hammer

Gang Bi - Gang Qin ' HeZi—-Huli Qian Bi—- Xiang Pi  Shu Ye — Chui Zi
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4. 3. Stimuli

As reviewed previously, ERPs are sensitive to a number of linguistic variables
at both lexical (i.e., single word) and sentence levels of processing. Careful selection
and matching of the stimuli between conditions is therefore vital. Each experiment
included a total number of 200 pairs of words or pictures, which were evenly
distributed and matched across experimental conditions for lexical frequency and
concreteness in English (Coltheart, 1981). English words were less than 11 letters in
length, and average word and phoneme length was not significantly different between
experimental conditions taken in pairs with the sole exception of study 1, in which the
visual word length in the repeated character conditions was significantly longer than
in the unrepeated conditions (P <0.001). Potential orthographic and/or phonological
overlap in the English word pairs in the unrelated condition was not specifically
controlled, and this potential confound might induce an unexpected repetition priming
effect on some trials. Although the data from the English monolingual participants
precluded this possibility in the current studies (see results in Chapter 5, 6, and 7),
future studies are advisable to apply a more direct, pre-experimental control of
English form overlap.

All Chinese translations were two-character in length and character repetition
always occurred in the same position in the two stimuli of a pair (i.e., either the first
or the second character was repeated). Given that Chinese has-a monosyllabic writing
system, the latter constraint lead to automatic control for the corresponding auditory
stimuli. To check that semantic relatedness of word and picture pairs was matched
between experimental conditions and to test the hypothesis that character repetition in
Chinese would not significantly interfere with overt semantic relatedness evaluation,

two independent groups of native Chinese and English speakers rated each of the
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stimulus pairs on a Lickert scale from 1 (unrelated) to 5 (strongly related; see
Appendix 2 and 3). As can be seen in the table with other lexical features of the
stimuli (see Appendix 4), differences in semantic relatedness ratings were highly
significant between semantically related and unrelated pairs (P <0.0001 for all
pairwise comparisons). Moreover, there was no difference between sonditions
involving related pairs or between conditions involving unrelated pairs and, critically,
there was no difference in semantic relatedness induced by Chinese character
repetition irrespective of semantic links between stimuli (P >0.1 for all pairwise
comparisons). Picture stimuli were matched between condition for basic visual
parameters (e.g., size, resolution, and background) across conditions. The variability
in point of view, shape and colour of the objects presented was large in all the
conditions, thus avoiding a systematic bias in terms of inter-stimulus perceptual
variance (Thierry et al., 2007). Particular care was taken in the choice of pictorial

representations for each target word such that they were not readily biased towards

Chinese or English cultural prototypes (see examples in Apperidix 5).

4. 4. Procedure

All experiments took place in a sound-proof laboratory where the participant
sat on a comfortable armchair 1.5 meter away from a computer screen. After signing
the consent form (see Appendix 1) and receiving the instruction, participants viewed
two blocks of stimuli presented in a pseudo-randomized order. In studies 1 and 2,
each trial began with a pre-stimulus interval of 200 ms. In the reading experiment, a
first word was then flashed for 500 ms at fixation followed by the second word of a
pair after a variable interstimulus interval of 500, 600, or 700 ms. In the listening

experiment, participants heard digitized words pronounced by a native female speaker
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of English or Chinese. Prime words were presented within a 1000-ms time window
followed by a target word after a variable interval of 500, 600, or 700 ms. No word
was repeated in either of the studies. Participants were instructed to indicate whether
the second word of each pair was related in meaning to the first by pressing keys with
left or right index finger (yes versus no). Response sides were fully counterbalanced
~between blocks and participants. The picture-naming study followed the same
procedure as study 1 and 2 except that stimuli were presented with longer
inter-stimulus-intervals® (i.e., 600, 700, and 800 ms). In study three, experiment order
was purposefully not counter-balanced as it was in studies 1 and 2. The semantic task
was administered to all participants first, to avoid drawing their attention to
phonological links between picture names and obtain a baseline. Then, bilingual
participants performed the Chinese and English task in a counterbalanced order.

Naturally, English monolingual participants were only given the rhyming task in

English. All participants were debriefed orally.

4. 5. ERP Recording

Electrophysiological data were recorded in reference to Cz at a rate of 1 kHz from 64
Ag/AgCl electrodes placed according to the extended 10-20 convention. Impedances
were kept-5 k Q . Electroencephalogram activity was filtered on-line band pass
between 0.1 and 200 Hz and refiltered off-line with a 25-Hz, low-pass, zero-phase
shift digital filter. Eye blinks were mathematically corrected, and remaining artefacts
were manually disnﬁssed. There was a minimum of 30 valid epochs per condition in

every subject: after all artefact rejections, early perceptual components (e.g., N1 and

* The current experiment did not include a “familiarisation” procedure in which participants were
trained with the desired names of pictures in advance. Although, as a common practice in similar
studies, it helps to reduce error rate and increases the reliability of the data, ERPs are particularly
sensitive to effects of episodic memory, thus I preferred to take the risk that unexpected names would
be generated.
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P2) are identifiable on most channels. Epochs ranged from -100 to 1,000 ms after the
onset of the second word. Baseline correction was performed in reference to
pre-stimulus activity, and individual averages were digitally re-referenced to the

global average reference. ERP data were collected simuitaneously to behavioural data.

4. 6. ERP Data Analysis

Peak detection was carried out automatically, time-locked to the latency of the peak at
the electrode of maximal amplitude on the grand-average ERP. Temporal windows
for peak detection were determined based on variations of the Global Field

Power méasured across the scalp (Picton, 2000). Peak amplitudes were subjected to a
repeated measures ANOV A with experimental conditions (e.g., semantic relatedness
and character repetition in Exp 1; semantic, orthographical, and phonological
relatedness in Exp 2) and electrode (63 levels) as factors using a Greenhouse-Geisser
correction where applicable. Pairwise differences between conditions were considered
significant when differences were above threshold (»p <0.01) for longer than 30 ms
over a minimum of three clustered electrodes (Thierry et al., 1998; Thierry et al.,
2003). Topographical analyses were based on mean amplitudes measured over 63
electrodes distributed over the entire scalp. Between-group comparisons involved
calcuilating main-effect contrasts (e.g., semantic effect versus Chinese characfer
repetition in Exp 1) and differences in mean amplitudes were entered into a
between-subject repeated measure ANOVA with 63 levels of electrodes. Interactions
involving the electrode factor were controlled by using within condition vector
normalization (McCarthy & Wood, 1985). Every participant qualifies a number of
errors and RTs within 2 standard deviations from the mean, and statistics are ‘

performed on correct trials only.
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Study 1: Native Lexicon Access While Reading and Listening to a Second

Language

5. 1. Predictions

The current study tested cross-language activations in a highly constrained
experimental context in which automatic processes were expected to occur. In a
semantic priming paradigm, character repetition in bilinguals’ L1 translations was
manipulated implicitly while the semantic relatedness task was performed in L2
exclusively (see Method section). Empirical studies have mainly reported facilitative
effects as.sociated with translation equivalents in bilingual’s L1 in a variety of
experimental conditions (e.g., Gollan et al., 1997; Grainger & Frenck-Mestre, 1998)
and independently of semantic priming effects (Basnight-Brown & Altarriba, 2007).
Based on these findings, we reasoned that, if cross-language activation of L1
translations was a natural correlate of L2 word comprehension, character repetition in
Chinese translations would result in a main effect of facilitation in the form of
reduced reaction times (RT) and error rates (ER). With regard to ERPs, the implicit
manipulation in L1 was expected to be associated with modulations in the N400O range
which have been shown to index semantic integration processes (Kutas & Hillyard,
1980, 1984) and unconscious priming (Kutas & Federmeier, 2000; Luck et al., 1996)
also see Chapter 2 for a review.

Previous studies on brain-injured patients with semantic deficits have shown
superior performanée on the reading aloud test over comprehension test on disyllabic
words. This demonstrated the existence of whole-word phonological representation
for two-character Chinese words (Law et al., 2006). As the case in the current study,

the overlap in one Chinese character forms partial form repetition between two words.
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According to the spreading activation account of the N400 effect, which has been
supported widely by recent studies using masked priming paradigm (Misra &
Holcomb, 2003; Holcomb et al., 2005), repetition priming reduces the amplitude of
the N400 without conscious perception of the stimuli or the repetition relationship.
We expect that partial repetition in two-character Chinese words would produce an
effect to the same direction. ”

The effects found in bilingual participants should overall be similar to those
observed in monolingual Chinese participants if they indeed reflect access to L1.
However, considering that the Chinese controls were tested with the Chinese version
of the e);periment, overall better (e.g., faster response and fewer errors) behavioural
performances and discrepancies in ERPs related to the physical aspects of word
processing should be expected. The monolingual English participants, on the other
hand, were expected to show a semantic priming effect exclusively. Typically, this
should also be associated with reduced RT and ER behaviourally (Meyer &
Schvaneveldt, 1971; Neely, 1991) and a reduction in the amplitude of N400 (Bentin et
al., 1985). Since the auditory experiments were regarded primarily as replications of
the visual experiments, the above hypotheses were also valid for the auditory
experiments.

5. 2. Behavioural results

In the reading experiment, as expected, English participants responded faster
to semantically related than to unrelated word pairs (F, 4 =32.2, P <0.001; Fig. 5-1
left) and showed no effect of concealed Chinese character repetition (F 14 =1.9,P >
0.1). Error rates were unaffected by semantic relatedness (Fr14=1.7,P >0.1) or
Chinese character repetition (F1_14 =0.7, P >0.1). The same overall pattern of

performance was found in the Chinese-English bilingual participants (Fig. 5-1
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middle). Semantically related word pairs were responded to faster than semantically
unrelated word pairs (F; 14=28.4, P <0.001) and no effect of Chinese character
repetition was found (F 14= 0.2, P > 0.1). Similarly, error rates were not significantly
affected by either factor (semantic relatedness, F 4= 2.2, P> 0.1; Chinese character
repetition, Fy 14= 3.6, P = 0.08). In the Chinese monolingual participants reading
Chinese translations of the English words, semantically related word pairs were
responded to faster than semantically unrelated word pairs (F; 14= 10.4, P <0.001).
However, there was a significant interaction between semantic relatedness and
Chinese character repetition for both reaction times (F; j4=20.6, P <0.001) and error
rates (F__1,14 =11.6, P <0.01). Post hoc pairwise comparisons showed that semantically
unrelated words sharing a Chinese character (condition highlighted in red on Fig. 5-1

right) yielded significantly longer reaction time and higher error rates than all other

conditions (all » <0.01).
English Chinese-English Chinese
monolinguals bilinguals monolinguals
1400 - * % - 100
*
2 I
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L 80
1000 A = L 70
AR 160
7 800 ; *
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o
e S0 40 5
s v
S 400 el
(0] Q
: 20 =
S 200 -
s L10
0 J Jia i L0

S+R+ S+R- S-R+ S-R- S+R+ S+R- S-R+ S-R- S+R+ S+R- S-R+ S-R-

Figure 5-1. Reaction times and error rates in the reading experiment’

* The bars represent reaction times with reference to the left axis and the bullets represent error rates
with reference to the right axis. Conditions in which the word pairs were semantically related or
unrelated are labelled S+/S-, respectively. Conditions in which one Chinese character was repeated or
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In the listening experiment, the same overall pattern of behavioural
performance was found in the English monolinguals and the Chinese-English
bilinguals (Fig. 5-2 left and middle); typical semantic priming effects were observed
with significantly shorter reaction times for semantically related as compared to
semantically unrelated conditions (all 2 <0.001). In Chinese monolinguals, there was
a main effect of semantic relatedness on error rates (F; 14 = 4.88, P < 0.05) and
reaction times (F; j4= 35.1, P <0.001), such that semantic relatedness increased error
rates and decreased reaction times (Fig. 5-2 right). The interaction between semantic
relatedness and Chinese character repetition that appeared in the reading experiment

was, however, not found in the listening experiment.

English Chinese-English Chinese
monolinguals bilinguals monolinguals
1400 - r100
* Y * L 90
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= o] LR ; 40 5
c | e | | =
2 ; , i ]
S 400 ~ ] | F30 ¢
& l - g
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20 | | I ‘- 10
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S+R+ S+R- S-R+ S-R- S+R+ S+R- S-R+ S-R- S+R+ S+R- S-R+ S-R-

Figure 5-2. Reaction times and error rates of the listening experiment

not repeated are labeled R+/R-, respectively. Stars indicate significant differences (P < 0.05). Error bars
depict standard deviation in all cases.
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5. 3. ERP results

In the reading experiment, all three groups of participants showed a N400 effect in
response to the semantic relatedness factor. In English monolinguals, semantic
relatedness reduced ERP mean amplitude significantly between 350 and 500 ms (F; 14
= 89, P <0.0001), which is the N400 component typical window (Kutas & Hillyard,
1980, 1984). In Chinese-English bilinguals, the main effect of semantic relatedness
(F114 = 12.2, P <0.004) was significantly smaller in magnitude than that found in
English monolinguals (Fi14 = 14.79, P < 0.001). The same effect was found in
Chinese monolinguals who read Chinese translations of the English stimuli (F; 14 =
2315012 < 0.0001), except that differences lasted for a shorter period as compared to

English monolinguals and Chinese-English bilinguals.

English monolinguals Chinese-English bilinguals Chinese monolinguals

...... Meaning
Related (S+)
— Meaning
Unrelated
i — i L J (S‘)
) T Ll T \ T T T T T T Ll T T
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 60Q 800 1000

Amplitude (pV)

Difference
waves

Amplitude (pV)

T T ;
O 200 400 600 80O 1000 O 200 400 600 800 1000 O 200 400 600 80O 1000
Time (ms) Time (ms) Time (ms)

i e oA

Scalp
topographies

uv Hv

Figure 5-3. ERP results in the reading experiments for the semantically related and
semantically unrelated conditions®

° All waveforms reported in this experiment depict brain potential variations in the linear derivation of
a group of nine electrodes centered on Cz where the N400 component is typically maximal (FC1, FC2,
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The repeated charécter condition differed from the unrepeated character
condition between 30 and 90 ms in English monolinguals and Chinese-English
bilinguals but not in Chinese monolinguals (Fig. 5-4 blue boxes). Apart from this
effect, hidden Chinese character repetition had no effect in the N400 range in English
monolinguals (Fy 14 = 1.89, P > 0.1), and no other amplitude modulation was found on
any other ERP components in this group (Fig. 5-4 left). Critically," Chinese-English
bilinguals showed a main effect of hidden Chinese character repetition (Fy 14 = 8.3, P
<0.01), which did not interact with the semantic effect (F; 14 =0.18, P> 0.1). The
two effects were independent and parallel in terms of directions of priming: mean
N400 amplitude was reduced for semantically related targets as compared with
unrelated targets and for targets that shared a Chinese character with the prime
through translation as compared with targets with no character repetition. Moreover,
the N400 modulation elicited by semantic relatedness was of greater magnitude and
lasted longer than that induced by character repetition. No other ERP peak was

modulated in amplitude or latency by the experimental factors (Fig. 5-4 middle).

FCz, C1, C2, Cz CP1, CP2, CPz). Orange boxes indicate the duration of significant differences elicited
by semantic relatedness in the N400 range. The difference waveforms presented on the bottom are the
tesults of subtracting semantically related from semantically unrelated waveforms.
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Figure 5-4. ERP results in the reading experiments for the Chinese character
repetition and no repetition conditions®

In Chinese monolinguals, the same pattern of priming was found as was seen
in bilinguals (Fig. 5-4 right). Overt Chinese character repetition reduced ERP
amplitude in the N400 range (Fy 14 = 5.13, P < 0.04), but did not interact with the
semantic priming effect (F1,14 = 0.53, P > (.1). Interestingly, the N400 modulation
induced by semantic relatedness was greater and more durable than that elicited by
character repetition, reproducing the pattern of variations found in Chinese-English
bilinguals. In addition, in this group we found a main effect of overt Chinese character
repetition on the amplitude of the P2 component (F 14 = 8.1, P < 0.02), between 150

and 200 ms. The P2 was reduced by character repetition priming but was insensitive

® The pink boxes indicate significant differences elicited by form repetition in the P2 range whereas
the purple boxes indicate its effect in the N400 range. Early perceptual variations attributed to
differences in word length are highlighted in blue. Note that the latter do not perseverate into the N1/P2
window. The difference waveforms are the results of subtracting repeated character from unrepeated
character waveforms.
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to semantic priming (F; 14 = 0.02, P > 0.1) and there was no interaction (Fy 14 = 0.09,

P>0.1).
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Figure 5-5. ERP results in the listening experiments for the semantically related and
semantically unrelated conditions’

In the listening experiment, ERP effects overall replicated those found in the
reading experiment. The N400 effects for semantic relatedness again appeared in all
three groups of participants: English monolinguals (F; 14 = 24.3, P < 0.0001),
Chinese-English bilinguals (F1,14 = 19.3, P <0.0001), and Chinese monolinguals (F; 14
=20.5, P <0.0001). However, it is noticeable that the semantic effects in the listening
experiment had a more extended time course (slightly earlier onset and longer
duration) as compared to those in the reading experiment, consistent with the

characteristics of N400 effect in the auditory modality (Holcomb & Neville, 1990).

" All depictions used in this figure are the same as those used in figure 5-3.
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Figure 5-6. ERP results in the listening experiments for the Chinese character
repetition and no repetition conditions®

In English monolinguals, Chinese character repetition had no effect on any

ERP components (Fi,14 = 0.33, P > 0.1); neither was there an interaction between

Chinese character repetition and semantic relatedness in this group (Fy 14 =0, P > 0.1;

Fig. 5-6 left). In Chinese-English bilinguals, there was a main effect of Chinese

character repetition (Fi,14 = 5.2, P < 0.05) in the absence of an interaction with

semantic relatedness (Fi.14 = 0.3, P > 0.1; Fig. 5-6 middle). The direction of the effect

of implicit character repetition in Chinese was also consistent with that of the visual

experiment, in which N400 amplitude was reduced significantly in the repeated

condition as compared to the unrepeated condition.

In Chinese monolinguals who listened to Chinese translations, the pattern of

differences was comparable with those of Chinese-English bilinguals: priming by

5 All depictions used in this figure are the same as those used in fig 5-4.
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overt Chinese character repetition (F; 14 =4.9, P <0.05) and no interaction with
semantic relatedness (F; 14 =0.05, P >0.1; Fig. 5-6 right). As in the reading
experiment, the N40O modulation induced by semantic relatedness was greater and
more durable than that elicited by character repetition in both the Chinese-English
bilinguals and the Chinese monolingual controls. In the latter group, moreover, the P2
was reduced by character repetition priming (F; 14 =7.5, P <0.02) but was insensitive
to semantic priming (F; 14 =1.5, P >0.1) and there was no interaction (F; 14 =0.1, P >
0.1). The only results that differed in the listening experiment and the reading
experiment regarding the character repetition main effect was the absence of
differences between 30 and 90 ms in all participant groups. In both reading and
listening experiments, ERP scalp topographies were not significantly different either
between the three groups with regard to the semantic relatedness main effect or
between the Chinese-English bilinguals and Chinese monolinguals with regard to the

Chinese character repetition main effect.

5. 4. Discussion

The purpose of this study was to investigate the hypothesis of cross-language
activation during bilingual word comprehension (i.e., reading and listening to single
wofds). This was tested by using an implicit priming paradigm where, in the critical
condition, Chinese translations of English word pairs shared a Chinese character in
common. Despite the absence of any measurable effect of the concealed Chinese
character repetition on the behavioural performance of bilingual participants, this
hidden factor modulated ERPs, just as it did in monolingual Chinese controls overtly

exposed to character repetition in Chinese.
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The character repetition priming was indexed by an amplitude reduction of the
N400 component, which is known to be sensitive to overt (Kutas & Hillyard, 1980,
1984) and unconscious (Luck et al., 1996) semantic priming and as well as to
repetition priming (Liu et al., 2003; Osterhout & Holcomb, 1995). This N400 effect,
correlated with character repetition, could only be explained by act,ivation of Chinese
translations in bilinguals for several reasons:

First, semantic relatedness and character repetition were built in the
experiment as independent factors (Table 4-1); the findings of independent main
effects of semantic and repetition priming in the current experiment were consistent
with previous studies using English words (Rugg, 1985, 1987).

Second, all participants showed the well-established N400 modulation by
semantic priming, whether words were presented in their first or their second
language. It is noteworthy, however, that the magnitude of the N400 modulation was
larger in English monolinguals than in Chinese-English bilinguals, even though the
two groups of participants read the same words. Such observations have been made
previously (Ardal et al., 1990; Hahne, 2001; Kutas & Kluender, 1991) and can be
related to the relative efficiency of semantic access in first and second languages,
respectively. Critically, the fact that English monolinguals only showed an N400
modulation by semantic relatedness confirms that the N400 modulation by Chinese
character repetition seen in the bilinguals was not caused either by spurious,
confounding semantic effects or variables in the processing of word forms (see the
early effects below) since both groups read English words, but was genuinely induced
by implicit character repetition priming.

Third, the pattern of semantic relatedness and character repetition priming

seen in bilinguals was remarkably similar to that found in Chinese monolinguals
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reading Chinese translations. In particular, both groups of Chinese participants
displayed large N400 modulations by semantic priming and smaller, less durable
N400 modulations by character repetition, whether the latter was implicit
(Chinese-English bilinguals) or overtly perceived (Chinese monolinguals). This
pattern is consistent with previous reports of weaker variations in the N400 range
elicited by orthographic and/or phonological overlap between words as compared to
semantic relationships (Perrin & Garcia-Larrea, 2003; Rugg & Barrett, 1987).
Moreover, the character repetition effect was of similar amplitude in Chinese-English
bilingugls and Chinese monolinguals, which again suggests that the two effects
reflected a similar mechanism.

Lastly, the character repetition effect was found in both a reading and a
listening task, i.e., it was modality-independent. Note, however, that this effect need
not be symmetrical, i.e., effects of second-language knowledge on first-language
processing are likely to be weaker (Van Hell & Dijkstra, 2002; Van Wijnendaele &
Brysbaert, 2002). In this thesis, the issue of L2-L1 effect was investigated with the
picture-naming experiment (see Chapter 7).

Our previous attempt to identify spontaneous translation effects failed to show
Chinese activation in the absence of interference with semantic processing in English
(Thierry & Wu, 2004). We see two reasons that the independence of the two factors
described here was never shown before to our knowledge. First, word concreteness
was not controlled and post hoc comparisons of available concreteness ratings
(Coltheart, 1981) for the stimuli used at the time revealed significant differences
between conditions. Second, the Chinese translations of the previous stimulus set
were one to three Chinese characters in length, and the repeated character was not

systematically positioned at the same place in the translations. The first issue might
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have affected the route by which bilingual participants accessed the meaning of
English words in the different conditions (De Groot, 1992; Paivio et al., 1988; Paivio
& Desrochers, 1980). Moreover, word concreteness is known to affect the amplitude
of the N400, such that concrete words tend to elicit greater N400 amplitudes than
abstract words (Kounios & Holcomb, 1994; West & Holcomb, 2000). In sum,
uncontrolled concreteness effects probably introduced noise into the response pattern
of monolingual English controls and not necessarily with the same effect and to the
same extent as in Chinese-English bilinguals. The second issue is likely to reduce
repetition priming because no systematic unconscious template can be formed in
which to expect character repetition to occur. In addition, the degree to which
repetition priming is reduced need not be the same for semantically related and
unrelated conditions.

In the present experiment, conditions were matched for (i) lexical frequency
and concreteness between conditions, (ii) translations systematically involved two
Chinese characters, (iii) character repetition consistently appeared at the same
position within Chinese translations of each word pair (see Stimuli, Chapter 4), and,
critically, (iv) we also tested a control group of 15 Chinese monolinguals presented
with the Chinese translations of the English material. The parallel results obtained for
Chinese-English bilinguals and Chinese monolingual controls strongly support the
conclusion that the mechanisms operating explicitly in monolinguals and implicitly in
the bilinguals are analogous. This conclusion is further supported by the English
monolingual controls and overall replication in the auditory modality.

We also found ERP and behavioural effects that appeared in the monolingual
control groups, which were less directly related to the main conclusion of

cross-language activations, but were still informative regarding the nature of the
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L1->12 effects observed in bilinguals. Because Chinese monolingual participants
actually saw or heard the repeated Chinese characters, we expected to see some early
orthographic and/or phonological priming effect of Chinese character repetition in
these groups. Indeed, the P2 component sensitive to perceptual priming (Liu et al.,
2003; van Schie et al., 2003) was significantly reduced when a Chinese character was
repeated but was unaffected by semantic relatedness (Figs. 5-4 and” 5-6). This P2
modulation, which preceded the N40O effect by at least 100 ms, was seen in neither
Chinese-English bilinguals nor English monolinguals. The absence of a priming effect
before the N400 window in bilinguals suggests that translation took place at a late,
possiblsz post-lexical processing stage. Indeed, since the character repetition effect had
the same time course as the semantic effect in bilinguals, Chinese translation is likely
to have happened during or after word meanings have been accessed from English
forms.

The only measurable effect of Chinese character repetition in the behavioural
data was found in the reading experiment in Chinese monolingual participants, who
were explicitly aware of the repetition. Reaction time and error rate were both
significantly greater when the second word of a pair shared a Chinese character but
was unrelated in meaning to the first (S-R ). Here, the conflict may have arisen in
semantically unrelated pairs that share a Chinese character because the repetition
implicitly hinted at a semantic link that was not actually present. The absence of such
a behavioural effect in the bilingual participants further supports the view that first
language activation was induced at a post-lexical stage of processing, where semantic
access was achieved through English words. In the listening experiment, however, the
S-R +condition did not yield longer reaction times or greater error rates than the S-R-

condition. There are two possible explanations for this result. When words were
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presented auditorily, (i) the repeated characters were temporally further apart than
when words were presented visually, and (ii) characters were perceived
phonologically whereas their visual form was likely to activate both orthographic and
phonological representations.

It is worth mentioning that, interestingly, while all the evidence discussed
above pointed to a late stage of processing, the activation of translz:tion equivalents
was nevertheless unconscious because, at debriefing, none of the bilingual
participants reported being aware of the hidden factor when questioned about the
English words presented. To our knowledge, it is the first time that, when questioned,
bilinguél participants reported being unaware of the cross-language experimental
factor as compared to previous experiments overtly using interlingual stimuli (e.g.,
homographs and cognates) rather than covert translation equivalents. Taking together
the time-course of the character repetition effect in ERPs and the absence of
awareness on the part of the participants, it may be concluded that the post-lexical
translations into L1 is a spontaneous correlate of processing words in L2, even though
it may not be required for accessing L.2 word meanings.

One peculiarity of the reading experiment data was the finding of significant
differences between 30 and 90 ms between the R +and R- conditions in the English
monolinguals and the Chinese-English bilinguals (Fig. 5-4 left and middle). We
interpret this difference as a consequence of word length differences between
conditions (see Stimuli in Chapter 4) because such differences (i) have been found to
elicit ERP modulations within 100 ms of stimulus onset (Assadollahi & Pulvermuller,
2003; Hauk et al., 2006; Hauk & Pulvermuller, 2004), (ii) were significant in both
Chinese-English bilinguals apd English monolinguals who were exposed to the same

stimuli, (iii) were not found in the Chinese monolinguals who read Chinese
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translations of equal length in all conditions, (iv) were not found in comparisons
between S +and S- conditions, which did not differ with respect to average stimulus
word length, and (v) did not persist beyond 100 ms in either the Chinese-English
bilinguals or the English monolinguals. Critically, these early differences did not
affect the N1/P2 complex and therefore cannot account for significant main effects of
character repetition later seen in the N40O time window. Finally, i; is noteworthy that
such early differences were not seen at all in any of the groups in the listening
experiment, and yet a clear N40O effect was also seen for character repetition in that
experiment. We also note that the waveform structure in the semantically related
conditibn differed between English monolinguals and Chinese-English bilinguals.
This difference may be accounted for by partial overlap with P300-type activity
peaking 600 ms in the case of lexical-semantic tasks and associated with target
detection in English monolinguals (Polich, 1993).

In conclusion, the present study makes a direct observation of spontaneous
lexical activation of the native language in a context involving only second-language
stimuli, instead of a mix of spoken or written words from the two languages, requiring
overt switching between languages. Electrophysiological results revealed an
automatic translation process in lat“e fluent bilinguals that could not be detected with
traditional behavioural measures. In fact, although we found no evidence of
pre-lexical access to native translations when bilinguals read or listen to words in their
second language, the post-lexical translation mechanism revealed by the N400
reduction appears to be totally automatic and unconscious. This result suggests that
native-language activation operates in everyday second-language use, in the absence

of awareness on the part of the bilingual speaker. In the general discussion (Chapter



8), these findings will be discussed in relation to the broad literature of

psycholinguistic models and other bilingual research.
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Study 2: Phonological Mediation in Cross-language Interaction

6. 1. Predictions

Experiment 1 demonstrated that even when bilinguals read and listen to words
exclusively in their L2, they cannot avoid activating lexical information of L1
unconsciously. Although this finding is consistent with a number of previous studies
showing cross-language interactions, it does not specify the nature of the lexical
information accessed in L1 (i.e., phonology and/or orthography). As reviewed in
previous chapters, most research on bilingual word recognition has focused on
orthographic forms shared between languages (e.g., interlingual homographs, for
exceptions see Brysbaert et al., 1999 ; Dijkstra et al., 1999), whereas cross-language
phonological interference has been mostly examined in language production (e.g., D
Jared & Kroll, 2001; D Jared & Szucs, 2002). However, as suggested by research in
the monolinguals, phonology plays a critical and potentially different role in word
recognition from that of orthography (Frost, 1998). It is, therefore, important to
investigate the independent contributions of the two factors in the bilingual context.

The goal of the experiment presented in this Chapter is to extend the findings
of spontaneous access to L1 translations in Chinese-English bilinguals by teasing
épart phonological from orthographic activation. Here, character repetition in Chinese
was subdivided into two independent conditions: phonological repetition (P) and
orthographic repetition (O). If cross-language access to L1 is phonologically based,
the effects of character repetition in experiment 1 should be replicated in the
phonological priming condition of the present experiment. On the other hand, if the
character repetition effect is due to access to the orthographic codes in L1, findings

comparable to experiment ! should be obtained in the orthographic priming condition.
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The third possibility is fhat both phonology and orthography are activated in L1, in
which case priming is expected to occur in both conditions. Finally, there is also a
possibility that cross-language activation requires the combined contribution of both
phonological and orthographic overlap to be significant in the present experimental
paradigm. According to this fourth hypothesis, manipulating the two factors
separately would abolish the repetition priming effect. Apart fro:n this, the semantic
priming effect was expected to provide a baseline comparison for potential

phonological and/or orthographic effects in Chinese.

6. 2. Behavioural results

English Chinese-English Chinese
monolinguals ~bilinguals monolinguals

1400 - - 100
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1000 -
800 -
600 A
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Mean Error Rate (%)

200

Mean Reaction Time (ms)

Figure 6-1. Reaction times and error rates of the reading experiment®

In the reading experiment, a significant main effect of condition was found in

the English monolinguals on both the reaction times (Fs 4, = 3.33, P < 0.05) and the

° Figures in the current experiment adopt the same depictions and displays that were used in
experiment 2, except for the following labels: O (orthographic repetition in Chinese translations), P
(phonological repetition in Chinese translations), S (semantically related), and U (unrelated).
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error rates (F3 42 = 6.75, P < 0.001). Post hoc analysis (LSD) showed that semantically
related word pairs (S) were responded to faster than semantically unrelated word pairs
(O, P, and U; all P <0.05). No effect of Chinese character repetition was found in this
group whether phonology- or orthography-based (all P > 0.1). Unexpectedly, the
effect on error rates was due to an increase of the proportion of error for semantically
related word pairs as compared to other conditions (all P < 0.05). The same pattern of
reaction time effe ts (F342=18.38, P <0.001) was found in the Chinese-English
bilingual participants: Semantically related word pairs were responded to faster than
semantically unrelated word pairs (all P < 0.001) and there were no effects of
phonological or orthographic repetitions concealed in Chinese translations (all P >
0.1). In contrast with English monolinguals, no effect of condition on error rates was
found in the Chinese-English bilingual‘s (F342=0.36, P> 0.1).

In the Chinese monolingual participants reading Chinese translations of the
English words, there was a significant effect of condition on reaction times (F3 4=
11.29, P <0.001) and a marginally significant effect on error rates (F342=2.4, P=
0.08). However, the effect on reaction times was not due td semantic relatedness (S)
eliciting shorter RTs, but rather to phonological repetition in Chinese (P) eliciting
longer RTs as compared to other conditions (Fig. 6-1 right, red bar; all P <0.01). As
regards error rate differences, unrelated word pairs (U) yielded significantly higher
efror rates than word pairs featuring orthographic repetition in Chinese (O; P < 0.05)

and no other difference was significant (all Ps > 0.1).
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Figure 6-2. Reaction times and error rates of the listening experiment

The same overall pattern of behavioural performance as in the reading
experiment was found in the listening experiment. English monolinguals (F3 42 = 9.02,
P <0.001) and Chinese-English bilinguals (F3 4, = 23.98, P < 0.001) both displayed
the typical semantic priming effects on reaction times (all P <0.01). No effects of
Chinese character repetition were seen in either group (all P > 0.1). The effect on
error rates in the English monolinguals (F; 4= 23.33, P < 0.001) was again due to a
significant increase in the number of errors made for semantically related word pairs
(all P <0.01), and no such effec£ was found in the Chinese-English bilinguals (all P >
0.1).

In the Chinese monolinguals, phonological repetition in Chinese significantly
affected reaction times (F342=4.5, P < 0.05) such that word pairs featuring a
phonological repetition were responded to slower than all other word pairs (all P <
0.05). Unlike in the visual experiment, however, a significant effect on error rate was

found (F542=9.11, P < 0.01) between orthographic and phonological repetition on the
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one hand and semantically relatedness and unrelated word pairs on the other such that

repetition priming reduced error rates (all Ps <0.01).

6. 3. ERP results
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Figure 6-3. ERP results in the reading experiments for the semantically related and
- unrelated conditions

In the reading experiments, ERP differences between experimental conditions
were found in all three groups of participants. In the English monolinguals, post hoc
analysis (LSD) of the main effect (F342=49.61, P < 0.001) revealed a significant
difference on mean ERP amplitudes between the semantically related and unrelated
conditions in the range of the N400 from 300 ms post stimulus onwards (P < 0.001).
Semantically related word pairs elicited a reduced N400 as compared to unrelated

word pairs. A similar pattern of result was found in the Chinese bilinguals (F3 4=
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27.54, P <0.001) although this effect was less durable than in the English
monolinguals. Chinese monolinguals (F342= 5.22, P < 0.05) who read the Chinese
translations also showed a prolonged effect of semantic relatedness on mean ERP
amplitude in the same direction, suggesting comparable semantic priming effect as
those which occurred in the English monolinguals and the Chinese-English bilinguals.
There was no significant variation in the scalp topography of these effects across
groups.
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Figure 6-4. ERP results in the reading experiments for the phonological repetition in
Chinese translations and the unrelated conditions

The hidden phonological repetition in Chinese translations had no effect in the
N400 range in the English monolinguals (2 > 0.1), and no other amplitude modulation
was found on ERP components between the two conditions (P and U). In comparison,

Chinese-English bilinguals showed a significant effect of phonological repetition in
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Chinese translations while reading English words (P < 0.01): mean N400 amplitude
was reduced for English word pairs that shared a phonological repetition through
Chinese translations as compared to unrelated word pairs. This phonological effect,
together with the semantic priming effect, was responsible for the significant main
effect of experimental conditions on mean ERP amplitude in the N400 range in
Chinese-English bilinguals. However, the N400 modulation elicited by semantic
relatedness was of greater magnitude and lasted longer than that induced by the
implicit phonological repetition in Chinese.

In the Chinese monolinguals, the same pattern of phonological priming effect
was found as that seen in the bilinguals. Overt phénological repetition in Chinese
reduced ERP amplitude in the N400 range (P < 0.001), but again, the N400
modulation induced by semantic relétedness was greater and more durable than that
elicited by character repetition, mirroring the pattern found in Chinese-English
bilinguals as well as its topographical distribution. In addition, in this group there was
a significant amplitude modulation on the P2 component (P < 0.05), peaking at 200
ms, a point of time at which the semantic conditions has not began to diverge (P >
0.1).

As in the phonologically repeated condition, ERPs of the English

~monolinguals were insensitive to orthographic repetition in Chinese translations (P >
0.1), suggesting that the implicit condition in Chinese phonology was comparable
with the baseline comparison (U) in English. Interestingly, the Chinese-English
bilinguals who reacted to implicit phonological repetitions in Chinese were insensitive
to implicit orthographic repetitions (P > 0.1), thus the same pattern as English
monolinguals regarding this comparison. On the other hand, explicit orthographic

repetition in Chinese modulated ERP amplitudes in the Chinese monolinguals. The
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same pattern of variations was found as for phonological repetition: The mean
amplitudes of P2 and N400 were both modulated when Chinese monolinguals read
Chinese target words that shared one visual character with the prime words (P <

0.05).
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Figure 6-5. ERP results in the reading experiments for the orthographic repetition in
Chinese translations and the unrelated conditions
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Figure 6-6. ERP results in the listening experiments for the semantically related and
the unrelated conditions

In the listening experiment, a semantic relatedness effect was again found in
all three groups of participants. In the English monolinguals, semantically related
word pairs elicited smaller amplitude in the N400 component as compared to
unrelated word pairs (P < 0.000 l"), and this difference was found to be the only
explanation for the difference between the four experimental conditions (F3 42= 8.71,
P <0.001; see figure 6-7 and figure 6-8). The Chinese-English bilinguals (F3 4> = 5.23,
P <0.05) and Chinese monolinguals (F34,= 12.77, P < 0.001) showed the same

pattern of semantic effect (all 7 <0.05).
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S BT et S IR R TS i | T T R0 St o | et I I ) R saees Phonologically
2 Related (P)
(]
% — Unrelated (U)
E
<

T T T T T

0 200 400 600 80O 1000

2
s
=
(]
§ 0 Y Difference
g waves
<
2L <
L T T T T T ! I;V T T T T . L T T T T T .
0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Time (ms) Time (ms) Time (ms)
Scalp
topographies

pv Y

Figure 6-7. ERP results in the listening experiments for the phonological repetition in
Chinese translations and the unrelated conditions

In the English monolinguals, no difference was found between word pairs that
featured a phonological repetition in Chinese translations and unrelated word pairs (P
> (.1). In the Chinese-English bilinguals, the same comparison revealed a significant
difference. Implicit phonologica! repetition in Chinese translations while reading
English word pairs reduced mean ERP amplitude in the N400 range (between 350 and
550 ms, and a brief effect again around 600 ms; all Ps < 0.05). The phonological
effect lasted longer and elicited greater amplitude reduction in the auditory than visual
modality. Comparable results were found in the Chinese monolinguals: explicit
overlap in phonology in Chinese significantly modulated the N400 amplitude (P <
0.05). Interestingly, the ear]y P2 effect seen in the reading experiment was absent in

the listing experiment.
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Figure 6-8. ERP results in the listening experiments for the orthographic repetition in
Chinese translations and the unrelated conditions

When comparing word pairs that featured orthographic repetition in Chinese
translations with unrelated word pairs, no difference was found in either group of
participants. ERP waveforms of the two conditions overlapped closely in the N400
time course as well as early components (e.g., P2). In the Chinese monolinguals, in
particular, auditory presentation of words did not trigger orthographic repetition
priming. This result contrasted sharply with the significant effect of phonological

repetition in the reading experiment, i.e., the reverse manipulation (see above).

6. 4. Discussion
The purpose of this study was to further investigate the nature of

cross-language activation during bilingual word comprehension. This was done by
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examining, independently, phonological and orthographic activation of L1

translations while participants read and listened to words in L2. Similar to the findings
of experiment 1, hidden manipulations of character repetitions in bilingual’s L1
significantly modulated ERPs, in the absence of participants’ consciousness and/or
changes in behavioural performances. Critically, the results fully dissociated
phonological from orthographic access to L1 translations by sh(;wing a priming effect
for phonological but not orthographic repetition.

Phonological priming was indexed by an amplitude reduction of the N400
component replicating the character repetition priming observed in experiment 1.
Resuits from the English monolingual and Chinese monolingual control groups
excluded alternative accounts of this N40O effect, i.e., other than the activation of
phonology in L1 translations. English monolinguals showed a typical semantic
priming effect in both behavioural data and ERPs, suggesting that they were engaging
in the experimental task (semantic relatedness judgment) as expected. In effect,
English participants were necessarily unaware of the repetition priming experimental
manipulations (i.e., phonological and orthographic repetition in Chinese translations),
indicating that the implicit Chinese factors were unaffected by confounding semantic
or lexical variables in English.

On the other hand, Chinese monolinguals who read Chinese words showed a
priming effect of explicit phonological repetition very similar to that implicitly active
in Chinese-English bilinguals. While the bilingual participants did not display any
early P2 effects, the N40O correlates of phonological repetition were highly
comparable between the two groups in terms of the extent and time course of
amplitude modulations. Moreover, the effect was smaller and less durable than the

semantic priming effect in both the Chinese monolinguals and Chinese-English
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bilinguals (see Exp 1). These correspondences between the two groups suggest that
the phonologically-based N40O effect reflects the same processing mechanism
whether it was expliciﬂy or implicitly observed. This account was further
strengthened by the fact that the critical results in the reading experiment were
replicated in the listening experiment.

Conversely, orthographic repetition in Chinese characte;s had a significant
effect only when Chinese monolinguals read Chinese words. In Chinese-English
bilinguals reading English words, ERPs were insensitive to orthographic repetition
priming, showing a similar pattern of variations as that of English monolinguals.
Taken together these findings demonstrate that implicit access to L1 translations
while reading and listening to words in L2, as revealed by character repetition priming
in experiment 1, is the result of implicitly accessing phonological instead of
orthographic information of L1 translations. This was shown by separating these two
dimensions in Chinese character repetition and finding that the priming effect was
preserved exclusively in the phonological priming condition. Note that results from
the control Chinese monolingual participants served as an interpretative tool for the
effects seen in bilinguals using a similar rationale as that of experiment 1.

In the current experimentz teasing apart phonological from orthographic
effects has also led to several noticeable changes in the Chinese monolinguals’
behavioural performances and ERPs from the results of experiment 1. In the previous
experiment, the character repetition incorporated both phonological and orthographic
overlap and priming effects were comparable in both modalities. Here, while the
phonological priming effect was found in both reading and listening experiments, the
orthographic effect was only seen when participants read words and absent in the

listening experiment. Recall that the Chinese monolinguals were fully aware of the
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character repetitions as they read or listened to word pairs in Chinese; therefore, this
demonstrates a profound asymmetry between phonological and orthographic
activation during word comprehension, even in L1. The robustness of the
phonological priming .effect suggests that the activation of phonological codes is a
mandatory, automatic correlate of the retrieval of word meanings. Orthographic
knowledge might be secondary —more artificial- information ac”tivated only in reading.
Interestingly, this idea fits well with the pattern of behavioural results. While
orthographic repetition was ineffective in Chinese monolinguals, reaction time was
significantly longer in the phonologically repeated condition in both reading and
listening experiments, an effect which may have arisen for the same reason as
character repetition interference in experiment 1 (see Chapter 5). This finding further
demonstrates that phonological information is more critical than orthographic codes
during word processing (Frost, 1998). It is also consistent with previous studies
demonstrating superior written to oral naming performance by neuropsychological
Chinese patients (Law & Bella, 2001; Law et al., 2006). The implications of these
findings will be discussed to a greater extent in the general framework of reading
models (e.g., the dual-route theory) in Chapter 8.

A peculiar difference between the current experiment series and the previous
one is the ERP differences between 200 and 270 ms after the presentatioh of the
stimuli in the Chinese monolinguals. In the previous experiment series, Chinese
character repetition (both phonological and orthographic) reduced the amplitude of
the P2 component, an effect that was associated with perceptual repetition priming. In
the present experiment, the P2 effect was found in the opposite direction: Both
phonological and orthographic repetition increased the amplitude of the P2 rather than

reducing it, and this was only observed in the reading experiment, not in the listening
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experiment. One hypothetical explanation for this effect is that, in contrast to lexical
level priming observed in the N400O window, perceptual priming requires complete
overlap in sound and orthographic form to occur. In other words, when repetition in
one dimension is incéngruent with information in the other, the repetition along one
dimension would trigger negative priming and increase P2 amplitude rather than
reducing it. This interpretation is partly supported by the results in the auditory
modality because no such P2 effect was found in the listening experiment. Indeed, if
the orthographic code is not activated at all during listening, then there is negligible
negative priming arising from incongruent information from the orthographic code,

hence the absence of P2 amplitude increase in the listening experiment.
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Study 3: Native Lexicon Access in Second Language Production

7. 1. Predictions

Previous expériments have established that bilinguals unconsciously access
their native language while reading and listening to words in their second language by
showing an implicit repetition priming effect via L1 translation,equivalents. Here, we
modified the paradigm to examine the issue of cross-language interaction in word
production. The experimem proceeded in three phases in which bilingual participants
had to make semantic relatedness judgment on picture pairs, make rhyming decision
on the names of the pictures in English and detect character repetitions in the Chinese
names of the pictures. The stimuli included pairs of pictures that were either related in
meaning or not. The unrelated picture pairs were subdivided in three subgroups: (i)
pictures whose names rhymed in English, pictures whose names shared a character in
Chinese names, picture whose name showed no overlap either in English or Chinese
(see examples in Chapter 4). There were two main hypotheses on the performances of
Chinese-English bilinguals: (1) Access to L1 (Chinese) translations was expected to
occur during picture naming in L2 (i.e., the English rhyming task), in which case
Chinese character repetition should lead to a priming effect; (2) If cross-language
interaction is bidirectional (i.e., I;l—)L2 and L2->L1), we also expected to find
similar effects of English rhyming in the Chinese task.

The semantic relatedness task served two purposes: (a) it was expected to
provide a reference for the window in which semantic priming effects are found to
enable a comparison with the time-course of lexical processing of picture names (as
indexed by the thyming and character repetition effects in English and Chinese

respectively). This comparison was expected to bring insight into the debate on the
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locus of activation of the non-target language during speech production. (b) In the
semantic relatedness task, bilingual participants were expected to demonstrate a
higher level of cognitive control than monolingual participants. Specifically, when
extracting and assopiating the meanings of two pictures, lexical manipulations in the
picture names should have less influence on the performances of bilinguals than
monolinguals, showing that bilinguals can more readily disso'ciate semantic from
linguistic attributes of pictorial stimuli. This hypothesis derives from works by Helen
Bialystok and her colleagues on the developmental benefits of bilingualism on

cognitive abilities (Bialystok, 2005; Bialystok et al., 2004).

74 2 Behavioural results
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Figure 7-1. behavioural results of English monolinguals in the English rhyming task
and the semantic relatedness judgment task

In the Englis rhyming task, a repeated ANOVA revealed a significant
difference between experimental conditions in reaction times (F3 42 = 2.91, P <0.05).

Post hoc analysis (LSD) attributed this difference to rhyming in English. When
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English monolinguals made rhyming judgments on the English names of pictures
presented in pairs, target pictures that rhymed with the prime pictures were responded
to faster (represented by the yellow bar) than in other conditions (Ps < 0.05) and they
made more error in that condition (F3 4 = 8.61, P < 0.001) than in the other three (all
Ps<0.001). In thé semantic relatedness judgment task, the significant effect of
condition on reaction times (F3 42 = 2.95, P < 0.05) was also due to the condition in
which picture names rhymed in English (represented by the red bar), however, in the
form of longer reaction times as compared to the other conditions (all Ps < 0.05). The
only significant difference in error rates was found between the semantically related
(S) and unrelated pictures (U; F3 42 = 4.32, P <0.05), with participants making more
errors on related than unrelated pictures (P < 0.05). Notice that, in either the English

rhyming or semantic judgment task, no effect of Chinese character repetition was

found in the English monolinguals (all Ps > 0.1).
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Figure 7-2. behavioural results of Chinese-English bilinguals in the Chinese character
repetition task, the English rhyming task, and the semantic judgment task
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When judging whether two picture names shared a character in Chinese,
Chinese-English bilinguals responded faster (F3 42 = 2.98, P < 0.05) to pairs of
pictures that either had names with a character repetition or were related in meaning
(both Ps < 0.05). Interestingly, they also made more errors (F342 = 3.42, P <0.05) in
these two cbnditions (C and S) as compared to the unrelated condition (both Ps <
0.05). No effect of English rhymes was found on either reaction time or error rate in
this task (all Ps > 0.1). In the English rhyming task, t;rget picture names that rhymed
with that of prime pictures in English were responded to faster but less accurately (all
Ps < 0.05) than the semantically related and unrelated picture pairs, showing a
comparable pattern of performance with the English monolinguals. Critically, the
implicit (irrelevant) factor of character repetition in Chinese names also reduced
reaction time (F342 = 3.08, P < 0.001) and increased the error rate (F342=4.7, P <
0.001) significantly. In the semantic judgment task, no differences between conditions
were found in reaction times. The significant main effect of condition on error rates

(F342=5.57, P <0.0001) was due to significantly reduced error rate in the unrelated

condition as compared to all other conditions (all Ps < 0.001).

7. 3. ERP results

The repeated measured ANOV A on ERP mean amplitudes in English
monolinguals in the English rhyming task showed a significant effect of condition
(F342=19.2, P <0.0001). Follow up statistical tests indicated that this effect was
elicited by two comparisons (Fig. 7-3). Firstly, target pictures names that rhymed with
prime picture names in English elicited significantly reduced ERP amplitude as
compared to unrelated pictures (P < 0.0001). Significant differences between the

rhyming and the unrelated condition started at 220 ms after the presentation of the
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target picture. Secondly, target pictures related in meaning to the picture primes
reduced the amplitude of the N400 as compared to unrelated picture targets (P <
0.0001) This difference started at around 350 ms post stimulus. There was no
difference between the ERP elicited by target pictures whose names in Chinese shafed
a Chinese character with that of the prime and the ERP elicited by unrelated target

pictures (P > 0.1).
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Figure 7-3. ERP results of English monolinguals in the English rhyming task

In the semantic relatedness judgment task, significant experimental effects on
mean ERP amplitudes (F342 = 10.16, P < 0.0001) were explained by two comparisons
(Fig. 7-4). Firstly, semantic relatedness reduced the mean amplitude as compared to
the unrelated condition (P < 0.0001). This effect which started at around 300 ms and

extended across the typical N400 time window was highly comparable with the
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semantic priming effect found in the English rhyming task. Secondly, at around 500
ms post target picture onset, a significant ERP amplitude reduction was found when
comparing target pictures whose names rhymed with that of prime pictures as
compared to semantically unrelated target pictures (P < 0.05). Compared to the
English rhyming effect in the English rhyming task, the effect of English rhyme in the
semantic task appeared at a later stage and modulated ERPs to a smaller extent. As in
the English Rhyming task, there was no significant difference between the ERPs in

Chinese character repetition condition and the unrelated condition.
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Figure 7-4. ERP results of English monolinguals in the semantic relatedness
judgment task
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Figure 7-5. ERP results of Chinese-English bilinguals in the English rhyming task

Statistical analysis of ERPs recorded in Chinese-English bilinguals performing
the English rhyming task revealed significant differences between experimental
conditions (F342 = 5.52, P < 0.001). Specifically, semantic relatedness and rhyming
picture names in English both reduced the mean amplitude of ERPs elicited by the
target pictures (both Ps < 0.001). These priming effects were highly comparable in
terms of time-course and magnitude with those found in the English monolinguals
performing the same task. Critically, an increased positivity in ERP amplitude was
found between 550 and 850 ms for the character repetition in Chinese'’. Target

picture names that shared a Chinese character with that of pictures primes elicited a

1% 1t was unknown whether this effect was due to the activation of the phonology or the orthography of
L1 translations as the repeated character was both a homophone and a homograph. These factors were
not tested independently as in experiment series 2 because of the extreme difficulty of finding typical
images that reliably correspond to a target words and also meet the other criteria (see Method).
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significantly larger ERP as compared to target pictures that were unrelated with the
primes. This implicit effect of Chinese character repetition was delayed and smaller in
amplitude to that of both semantic relatedness and English rhyming, which were

explicit in the English rhyming task.

English rhyming Chinese character Semantic relatedness
repetition

s .... The experimental
S condition (E, C, S)
g — Unrelated (U)
E
<
0 200 400 600 800 1000

2 2r 2
>: -
30 o b N T Difference
£ waves
<

24 2L |
T3 200 400 800 800 1000  © 200 400 800 800 1000 G 200 400 €00 800 1000
Time (ms) Time (ms) Time (ms)
Scalp
topographies
0 | +1 g
(1 1y
H uv
Figure 7-6. ERP results of Chinese-English bilinguals in the Chinese character

repetition task

When asked to judge vyhether the Chinese names of two pictures shared a

_ character, target pictures that were either semantically related or shared a character in
their Chinese names with the prime pictures induced a significantly smaller N400 than
pictures that were unrelated to the primes (both Ps < 0.05). Both priming effects
started at around 300 ms after stimulus presentation and, together, they explained the

significant differences between experimental conditions (F3 42 = 2.77, P < 0.05).
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Noticeably, rhyming in English yielded no significant effect on any ERP components

when compared to the unrelated picture pairs.
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Figure 7-7. ERP results of Chinese-English bilinguals in the semantic relatedness
judgment task
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Finally, when making semantic relatedness decision on pair of pictures,
semantic relatedness reduced the mean ERP amplitude in Chinese-English bilinguals,
a similar effect to that was found in the English rhyming and Chinese character
repetition tasks (F342 = 10.22, P <0.0001). However, in this task, neither rhyming
picture names in English nor character repetition in Chinese modulated ERP
amplitudes significantly (all s > 0.1). This finding contrasts with the case of English
monolinguals, who showed a priming effect by English rhymes when performing the

semantic relatedness task.
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7. 4. Discussion

The overarching goal of this experiment was to examine the issue of
cross-language interaction in the context of word production. Chinese-English
bilinguals were presented with pairs of pictures that they were asked to relate
semantically (fhe semantic relatedness task), name covertly in English (the rhyming
task) or name covertly in Chinese (the character repetition task). In the English
thyming task, both thyming in English and semantic relatedness elicited an N400
effect in bilinguals comparable with the pattern of variations in the English
monolingual controls (Barrett & Rugg, 1990a, 1990b). Critically, the task-irrelevant
factor of Chinese character repetition also modulated the ERP amplitude in
Chinese-English bilinguals, albeit at a late processing stage, suggesting that L1
information was accessed during speech production (or planning as measured by
covert picture naming) in L2. English monolinguals, on the other hand, did not show
an ERP modulation for pairs of pictures whose names shared a Chinese character as
compared to those that were unrelated, in either the semantic relatedness or the
English rhyming tasks, indicating that the manipulgtion in Chinese did not interact
with or bias the results. Furthermore, in the Chinese character repetition task, the
priming effect by character repetition in Chinese was replicated when the participants
explicitly retrieved Chinese names. |

Consequently, thé effects of Chinese character repetition in the English
rhyming task can only be explained by the activation of task-irrelevant language
information during bilingual word production. While this evidence clearly supports
the language-nonselective hypothesis, echoing findings from studies of word

comprehension (see experiment series 1 and 2), there are important differences that
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distinguish the mechanisms operating in the input (e.g., reading and listening) and the
output (e.g., speaking) domains of bilingual word processing.

In experiment series 1 and 2, the evidence of cross-language activation in L.1
was derived exclusively from an ERP index of Chinese character repetition priming, |
in the absence‘ of any alteration of behavioural performance. This discrepancy
between ERP and behavioural results suggests that bilingual’s access to L1
translations was indeed implicit rather than a surface précess. Here, in the English
rhyming task, Chinese character repetition reduced the reaction time and increased the
error rate to a comparable extent as rhyming in English. Considering the ERP
correlates of charaéter repetition priming together, the findings seem to suggest that
cross-language interaction in word production was more explicit, affecting bilinguals
at both the neurophysiological and the behavioural level.

The contrast in the behavioural findings between the comprehension and the
production experiments may relate to the differences in the time-course of the ERP
effects of the Chinese character repetition priming in the two sets of experiments. In
experiment series 1 and 2, the ERP index of L1 translation access was an amplitude
reduction between 350 and 550 ms, a time window classically associated with
semantic analysis in the literature, and indeed synchronous to the semantic relatedness
effects found in these studies. Therefore, I argued that access to L1 translations was a
spontaneous correlate of"semantic retrieval during reading and listening to words in
L.2. Conversely, in the picture naming experiment, the ERP effects of Chinese
character repetition was found, in the English rhyming task, from 550 to 850 ms, a
time window that has been associated with re-evaluation processes or “second-pass”
resolution of syntactic (Hagoort, 2003; Hahne & Friederici, 1999; Osterhout, 1997) as

well as semantic anomalies (Kolk et al., 2003; Kuperberg, 2007; van Herten et al.,



127

2005). More critically, the ERP effect of Chinese character repetition commenced at
the point of time when the English rhyming effect began to decay. This pattern of
variations may suggest that activation of L1 translations is a delayed process, i.e.
intervening after the retrieval of the semantic and lexical form of L2 words during
production.

It is worth noting that the temporal pattern of the character repetition effect in
the English rhyming task should not be the result of protessing pictures instead of
words. As found in the Chinese character repetition task, where Chinese was the
target language, the explicit effect of character repetition priming emerged as early as
300 ms post stimulus, a point of time that is comparable to that of the English
rhyming effect in the English monolinguals. Comparatively, the time lag of the
character repetition effect in the English naming task suggests a distinct mechanism
operating in a context of crosé-language interaction.

Another noteworthy difference between the comprehension and production
experiments is that bilingual participants in the thyme in English experiment were
aware of the fact that some of the Chinese names of the pictures had one character
repeated. This finding is consistent with the feedb;lck from bilingual participants
tested in other experiments of L2 word production (Rodriguez-Fornells et al., 2005),
and it is also in line with the behavioural effects of Chinese character repetition found
exclusiveiy in the produétion experiments. For this reason, it is inappropriate to
describe the Chinese character repetition effects found in the English naming task as a
wholly “implicit” effect, because participant were not completely unaware of the
manipulation in Chinese as they were in experiment series 1 and 2.

The above discussion reviewed some differences between the patterns of

bilingual word production and comprehension revealed in similar experimental
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paradigms. Cross-language interaction was found in both domains as effects of
task-irrelevant priming of character repetition in Chinese (L1). However, as compared
to reading and listening, the activation of L1 translations when naming words in L2
influences bilinguals’ behavioural performance, may occur at a later stage of word
processing, and appears to be more conscious.

Due to practical reasons the picture naming experiments were not an exact
methodological replication of experiments on word comprehension (e.g., no Chinese
monolinguals were available for the picture naming experiments). When
Chinese-English bilinguals were asked to name pictures in Chinese (i.e., the character
repetition judgment task), rhyming in English did not affect either their behavioural
performances or the ERPs (see figure 7-2 aﬁd 7-6). Given that English rhyming
effects have been found in both the English monolinguals and the Chinese-English
bilinguals in the English rhyrﬁing task, the absence of such an effect in the Chinese
task suggests that English (L2) is not accessed when naming pictures in Chinese (L1).
This would support the view that cross-language interaction is unidirectional (i.e.,
L1->L2 only). It is worth noting that the issue of the directionality of cross-language
interaction was only examined in a context of worﬁ production here (i.e., the reading
and the listening experiments tested potential influences of L1 on L2 only); therefore,
the finding of asymmetric interaction between L1 and L2 in the naming experiments
does not necessary imply that the same is true in word comprehension. Previous
studies have shown that, in word association and lexical decision tasks, L2
information affects bilingual’s behavioural perfoﬁnances in L1 (Van Hell & Dijkstra,
2002; Van Wijnendaele & Brysbaert, 2002).

In the picture naming experiments, participants were asked to perform a

semantic relatedness task in which they had to judge the relatedness between two
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pictures and were encouraged not to retrieve any lexical information associated with
them (e.g., the phonology of picture names). Since the semantic relatedness task was
always presented before the naming tasks in English and —in the case of
Chinese-English bilinguals— Chinese, and since the experiment did not include a
familiarisation procedure (see Method), both groups of participants were expected to
be neutral vis-a-vis the lexical items corresponding to pictorial stimuli. However,
while the semantic priming effect was found in both the Chinese-English bilinguals
and the English monolinguals, there were significant differences in the responses to
lexical manipulations (i.e., rhyming in English and character repetition in Chinese):
rhyming in English affected significantly both the behavioural performance (figure
7-1) and the ERPs (figure 7-4) of the Engliéh monolinguals, indicating that semantic
processing of a picture automatically activates corresponding lexical information. In
other words, English monolinguals tend to automatically access names when viewing
pictures. In contrast, no such effect of English thymes was found when
Chinese-English bilinguals were judging semantic associations between pairs of
pictures. Most critically, the character repetition in Chinese, which had a significant
effect in bilingual participants during both the Chinese character repetition and the
English rhyming task, failed to influence ERP amplitudes in the semantic relatedness
task. This finding suggested that viewing a picturé does not necessary trigger word
retrieval in bilinguals, a"hypothesis that is still a matter of debate in the field of
monolingual language research. A more thorough discussion on how this finding
contributes to the literature on developmental benefits of bilingualism and

lexical-semantic encoding of pictures will be presented in Chapter 8.
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General Discussion

The present thesis was motivated by a main question regarding bilingual
lexical access: whether or not the first language of bilingual individuals is active when
processing in the second language. Is L1 activated during L2 processing even when
languages are not mixed in the experimental context? Is this potential cross-language
activation dependant upon the type of information accessed in L1 (e.g., phonology or
orthography), the nature of processing (e.g., comprehension versus production), and
the direction of the effects (i.e., L1 - L2 or L2 - L1)? These questions were
investigated in thrée studies. First, we will summarise the major findings of these
studies and discuss them in the framework lof contemporary psycholinguistic models
and other relevant literature reviewed in chapters 3 and 4 of the thesis. In particular,
the discussion will focus on the methodological characteristics of the present studies,
and explain how they contribute to the current debate beyond previous ones. Second,
by exploring the nature of bilingual language processing, I shed light on some open
questions in cognitive psychology of language. Indeed some of the findings reported
here validate the hypothesis that bilingual researcﬁ may serve as a tool to better
understand the language system in general (French & Jacquet, 2004; Kroll & De
Groot, 2005; Schwartz & Kroll, 2006b). Third, before the conclusion, I will discuss
potential shortcomings of the current studies and outstanding questions for future

research.

8. 1. Summary of the present studies
The primary objective of the first study was to re-examine the hypothesis of

cross-language activation that has been supported by numerous -including recent-
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studies (Duyck, 2005; Haigh & Jared, 2007). This was done using an implicit priming
paradigm in which Chinese-English bilinguals read and listened to words in English
while half of the English word pairs shared a Chinese character via their Chinese
translations. A priming effect of the factor hidden in Chinese translations was clearly
visible in the ERPs of the bilingual participants. Since this effect was (a) unseen in the
English monolinguals, and (b) replicated in the Chinese monolingual controls
performing the same task on Chinese words, it was taken as an indication that
information of the Chinese translations was automatically activated when bilingual
participants processed the English words. Broadly speaking, this finding is in line
with most current psycholinguistic conceptualisations assuming that both languages
of bilinguals are active during word comprehension in L.2.

In the first study, the critical stimuli were English target words that shared a
Chinese character repetition With the prime via Chinese translations. The rationale
behind this manipulation was that when bilinguals read or listen to words in L2,
translation equivalents in L1 might be accessed to facilitate conceptual access for the
new L2 words. This model is most compatible with the word association hypothesis
as specified in the revised hierarchical model (Kfoll & Stewart, 1994). Results of the
first study generally support this hypothesis but also entail some developments and
modifications to the original predictions of the RHM. First, while the evidence for the
RHM derives primarily from experiments involving translation performance (see
Chapter 1 for a review), in this study, the character repetition priming of Chinese
translations was implicit: (a) the experimental task was performed exclusively in
English and did not involve explicit translations (e.g., semantic relatedness judgment
task); (b) when asked, the Chinese-English bilingual participants were totally unaware

of the hidden experimental factor involving Chinese translations; (c) the Chinese
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character repetition effect was only found in ERPs and not in the behavioural data
(meaning that if the study had involved only behavioural measurement, it may well
have arrived at a different conclusion). The implicitness of the Chinese character
repetition ascertains that the effects found were not the result of a translation strategy
or another confounding variable that may have installed the participants in a
“bilingual language mode” (Grosjean, 1998b; Grosjean, 2001). This is not to argue
that studies testing translation performance or mixing stimuli from both languages of
the bilinguals necessarily always suffer from these limitations. In particular, studies
using the masked priming paradigm, in which participants are generally unaware of
the prime word from the other language, have been considered functionally
monolingual. In such studies, however, the magnitude of the priming effect is often
attenuated by the level of masking (Brysbaert et al., 1999; Gollan et al., 1997;
Grainger & Frenck-Mestre, 1l998; Jiang, 1999). Here, by presenting both the prime
and the target words in bilingual’s L2, we ruled out any possible effects of artificial
dual-language activations or masking, and created a “pure” monolingual context. In
this context, we established for the first time that cross-language activation can occur
outside awareness in bilingual participants, a resu>lt that has not been previously
established in the psycholinguistic literature.

Second, owing to the method of event-related potentials, the first study was
able to reveal the time-course of the cross-language activation. In the ERPs of the
bilingual participants, the effect of semantic relatedness and that of Chinese character
repetition appeared independently at the same moment of time (around 350 ms), even
though the former effect was more pronounced and lasted longer than the latter. This
pattern of results suggests that direct semantic access to words in L2 and the

activation of L1 translation equivalents can co-exist simultaneously. This finding has
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consequences regarding the assumptions of the RHM because, even when bilingual
individuals have attained sufficient expertise in their L2, word processing in L2 may
still not be autonomous as if they were functionally monolingual (Segalowitz &
Hulstijn, 2005). At the same time, however, the retrieval of word meaning in L2
might not depend at all on lexical association with L1 translations, because the
Chinese character repetition effect would have been expected at an earlier stage than
the semantic relatedness effect. Therefore, to give an agcurate account of the
mechanism at work in the English learners tested in the present study, who have
initially acquired their English vocabulary through Chinese translations and
eventually attained a relatively high-level of proficiency, one needs to consider
contributions from both conceptual mediation and word association: while access to
word meanings in L2 is a direct process, access to L1 translations remains an active,
spontaneous correlate of this. process.

Since study 1 focused on potential activation of L1 translation equivalents
during word processing in L2 (i.e., the RHM), it has limited implications regarding
the Bilingual Interactive Activation model (BIA), which predicts that cross-language
activation takes place at the lexical level (see Suriderman & Kroll, 2006 for a recent
study that has directly compared predictions of the two models). Nonetheless, the fact
that Chinese and English do not share basic writing scripts appears to be problematic
for models assuming that words in L1 are accessed via lexical form relatives in 1.2.
Therefore, our findings extend the concept of cross-language activation put forward in
BIA to language combinations which do not rely on the Roman alphabet. With regard
to the issue of integrated (e.g., in the BIA) versus separate (e.g., in the RHM) lexical
representations, the two languages of bilinguals tested in the present study had to be

differentiated on the basis of sublexical components (e.g., fundamental writing
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scripts). However, the fact that cross-language activation of translation equivalents
toﬁk place in such a natural and unconscious manner suggests that the two lexicons
are highly connected with one another.

In the second study, the main purpose was to further analyse the nature of
cross-language activation in terms of the type of information that is activated in L1.
Specifically, we set out to determine whether the character repetition effect observed
in study 1 was the result of accessing the phonology and/or the orthography of L1
translation equivalents. Thus, we examined independently English word pairs that
concealed a phonological or orthographic repetition via their Chinese translations
while keeping the control semantic relatedness condition similar to that of the first
study. We found that, in both the reading and listening experiments, phonological
repetition in Chinese translations elicited amplitude reduction in bilingual participants,
and this effect was not only éomparable with the Chinese monolingual controls but
also replicated the character repetition effect found in the first study. Furthermore, the
hidden factor of phonological repetition in Chinese translations was also unconscious
to bilinguals and did not interact with their behavioural performance. On the other
hand, orthographic repetition in Chinese translatibns yielded no such effect in
bilingual participants, despite the fact that Chinese monolinguals were sensitive to
such repetition when visually presented with the task in Chinese. These findings
strongly suggest that the nature of the information activated in L1 was phonological
rather than orthographic.

As in the monolingual domain, most research on bilingual word
comprehension has focussed on the visual processing of orthographic variables
whereas little attention has been paid to phonology. For example, in empirical studies

investigating the issue of cross-language activation with cognates or interlingual
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homographs (see Chapter one), the extent of phonological overlap between stimuli
acfoss languages is often unspecified. Some studies simply state that the phonology of
the interlingual homographs used is different in the bilingual’s two languages
(Beauvillain & Grainger, 1987; Cristoffanini et al., 1986). In light of the result of
study 2, it is possible that phonological overlap / neighbourhood is the determinant of
most cross-language effects observed, and the difference in phonological consistency
between studies using cognates and interlingual homographs might explain the
discrepancies in their findings. Nevertheless, it is important to refer to a few available
studies that have provided evidence for the active role of phonology in bilingual word
recognition (Brysbaert et al., 1999; Dijkstra et al., 1999) as well as word production
(Jared & Kroll, 2001; Jared & Szucs, 2002).

For example, Dijkstra et al (1999) tested bilinguals with interlingual stimuli
that varied in their degree of orthographic, phonological, and semantic similarity,
respectivgly, in Dutch (L1) and English (L2). In a progressive demasking task and a
LDT, they reported effects of phonological similarity different from those elicited by
orthographic and semantic similarity. Specifically, homographs and translation
equivalents were responded to faster than control stimuli but near-homophones were
responded to slower than control stimuli. The authors interpreted the inhibitory effect
of phonological similarity based on the fact that Dutch and English words almost
never have identical phionology (i.e., near-homophones), so that the two partially
overlapping phonological representations competed with one another at the lexical
level and delayed response time. On the other hand, homographs with complete
overlap do exist across languages; they lead to stronger activation of orthographic

representations and thus reduce identification time. This finding provided strong
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evidence for distinct contributions of phonological and orthographic codes to word
recognition in bilinguals.

However, one probiem in the above studies is that most European languages
(e.g., Dutch, French, English, and Spanish) share the same alphabetical system and -
the grapheme-to-phoneme (spelling-to-sound) rules of these languages have
considerable similarities. As a result, the extent to which the orthographic and
phonological codes of these languages can be dissociaged is very limited and they are
likely to interact with one another during word processing. For example, in a study of
English- Afrikaans bilinguals (Doctor & Klein, 1992), participants’ responses to
interlingual homophones (e.g., lake-1yk) and interlingual homographs (e.g., kind) in a
generalised LDT were compared. It is obvious that the two sources of overlap
between languages were not fully independent. While this limitation does not
necessarily invalidate the findings, it may have undercut their strength. The dilemma
is that if the study adopts languages that do not share the same writing scripts, such as
Hebrew and English (Gollan et al., 1997), then interlingual homophones can be tested
with the least confounding effects from orthography, but the study of cross-language
orthographic activations becomes impossible due to the inexistence of homographs.

The study of Chinese-English bilinguals using an implicit priming paradigm
via L1 translations constitutes an ideal context in which the contribution of
phonological and orthographic codes can be analysed separately. On the one hand,
grapheme-to-phoneme mapping in Chinese characters is totally arbitrary so that the
activation of phonological and orthographic information can be prompted
independently during Chinese word processing (see stimulus samples in Chapter 4).
On the other hand, the critical conditions in the second study presented here were

those involving phonological or orthographic repetition in the Chinese translations of
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English word pairs; hence, the lack of visual and auditory relationship between
Chinese characters and English words was not an issue because the experiment did
not use interlingual homographs.

In the third study, we studied bilingual word production using a covert/silent:
picture naming task. Bilingual participants named pictures in L1 and L2 in a
block-design experiment. The results were in favour of the language-nonselective
access hypothesis: character repetition in Chinese tranglations modulated the ERPs of
the bilingual participants while they made rhyming judgments in English. This finding
is in line with most psycholinguistic and electrophysiological studies reviewed in
chapters 3 and 4 (Colome, 2001; Hermans et al., 1998; Rodriguez-Fornells et al.,
2005). It is also consistent with the concept of cross-language activation demonstrated
in the first and second studies. However, the results of the production study also
revealed some discrepancies between the underlying processes of word production
and comprehension in L2.

The most evident contrast between comprehension and production was that
access to translation equivalents in .1 was less implicit in this study and affected
behavioural performance when bilinguals named pictures as compared to reading or
listening to words in L2, In the English rhyming task, character repetition in Chinese
significantly lengthened response times and increased error rates in bilingual
participants, who reported intrusive experiences of the experimental factor in the
non-target language. Interestingly however, awareness in this task on the part of the
participants suggests that, contrary to what some researchers have argued (de Bot,
1992; Green, 1986), bilinguals do not have perfect control over the activation or the
deactivation of words in L1 and L2 when speaking in one language. On the contrary,

bilingual participants reported being aware of and yet unable to inhibit the activation
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of Chinese when naming pictures in English. However, in the Chinese character
repetition task, which is supposed to reflect access to the output form of L1 spoken
words, there was no sign of access to the English names of pictures. This finding
establishes an asymmetry in cross-language activation during bilingual word
production. In addition, this point must be modulated by the fact that we tested late
bilinguals rather than highly proficient early bilinguals.

Until now, the general consensus in the literatyre of bilingual word production
is that lexical access occurs in parallel in both languages up to the lemma level and,
subsequently, the processing becomes language-specific from the phonological level
onwards which is part of the lexical selection process.

Hermans et al. (1998) summarises the situation as follows: * In a task in which

the speaker is explicitly discouraged from accessing representations in his or

her first and more dominant language, a bilingual speaker will indeed behave
like a monolingual during the later stages of the process of lexical access.

However, during the initial stages of the process of lexical access in a foreign

language, a bilingual speaker cannot prevent interference from the first

language. (p 226)”

Surprisingly, results obtained from the bilingual participants showed the exact
opposite pattern: the effect of English rhymes was found 150 ms before that of
character repetition in Chinese (i.e., the nontarget language) during the English
rthyming task, indicating that (a) the initial stages of lexical processing may be
language-selective; and (b) non-target language activation is subsequent to the
retrieval of conceptual information as well as the phonological form of the picture

names in the target language.
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To integrate the above two findings, the current study seems to have revealed
a novel mechanism underlying bilingual word production, that is different from
previous models which have heavily focussed on the issue of lexical selection. For the
Chinese-English bilinguals tested in the current study, L1 (i.e., Chinese) did not
appear to be a source of interference in the initial stages of naming in L2 (i.e.,
English), because, in this period of time, lexical access was not parallel in both
languages but rather selective. This was shown by the, fact that, up to 550 ms post
stimulus presentation, the ERPs of Chinese-English bilinguals did not differ
significantly from that of the English monolinguals with respect to the Chinese
character repetition factor (neither of the two groups was sensitive to the
task-irrelevant factor). Most critically, within this period of time (i.e., 550 ms), not
only was the ERP effect of semantic priming significant but the priming effect
prompted by English rhymfng also reached its peak. Therefore, the activation of
lexical candidates in the non-target language did not seem to be limited to the first
550 ms after stimulus presentation.

The ERP effect of Chinese character repetition reached significance at around
650 ms, in the temporal window of the P600 corhponent. The P600 effect is
classically associated with the reanalysis of linguistic stimuli often triggered by
syntactic anomalies (Friederici et al., 1996; Osterhout & Holcomb, 1992). Recent
studies have not only demonstrated that lexical and semantic factors can modulate the
syntactic P600 effect (Gunter et al., 2000; Osterhout et al., 1994), but also the fact that
semantic anomalies can elicit a P600 effect in the absence of any syntactic violations
or ambiguities (Kim & Osterhout, 2005; Kuperberg et al., 2003; Vissers et al., 2006).
For example, Vissers et al. (2006) have found P600 elicited by a homophone (e.g.,

bouks) of the best completion word in a high-cloze sentence (e.g., in that library the
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pupils borrow books) but not in a low-cloze sentence (e.g., the pillows are stuffed
with books), while the N400 was indifferent in the two conditions. Evidence like this
has challenged the traditional syntactic account, and suggested that the P600 reflects a
monitoring mechanism which checks processing errors during language
integration/production when words have alternative interpretations or place the
individual in a the state of indecision.

In study 3, bilingual word production was tested via covert picture naming.
Participants had to make judgments on pairs of pictures on the basis of their Chinese
or English names. The rhyming task was chosen because previous studies on
monolinguals have established that rhyming is associated with reduced negativity in
the N400 range during both reading (Grossi et al., 2001) and picture naming (Barrett
& Rugg, 1990a). Furthermore, an auditory study has shown that target words spoken
in different voices from prifne words elicit the same pattern of ERP variations,
indicating that this pattern does not index physical-acoustic mismatch, but only
phonological match (Praamstra & Stegeman, 1993). Therefore, the N400 rhyming
effect apﬁears to reflect the mental preparation of spoken sounds in as much as the N2
effect indexes response inhibition in a dual-choice go/nogo paradigm (see Method
section for a review). However, the possibility remains that when bilingual
participants make rhyming judgments on picture names in the target language they
may involuntarily and-subsequently name the picture in the non-target language
during reanalysis of the stimuli, despite the fact that the task instructions did not
explicitly encourage them to access both languages. The reprocessing of the picture
names may have happened as part of the speech monitoring process and accounted for
the P600 effect to Chinese character repetition observed in the current experiment. In

other words, bilingual participants would have accessed Chinese labels of the pictures
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as they were checking for possible sources of errors and preparing for the response to
the English thyming task (note that the average RT in the Chinese character repetition
condition was 920 ms), but not in the initial stages of lexical selection. The fact that,
in the current study, bilingual participants were tested both in the Chinese and the -
English tasks may have encouraged this monitoring process. Note also that this
interpretation is consistent with Costa et al.’s (2005) model of word selection in
bilinguals, since lexical selection appears to be language selective. Suppose the
process of word production could be examined more naturally, without superfluous
influences from the experimental task itself, we would expect to find
language-specific retrieval of spoken words, as it was seen in the first portion of the
ERP data in the current experiment. This possibility will be considered more
extensively in the following section on the limitations of the experiments presented in

this thesis.

8. 2. From bilingualism to cognitive psychology

The overarching goal of this thesis was to better understand how bilinguals
read, listen, and speak in their L2. Beyond this, the current studies have provided
some results that also shed light on more general issues in the cognitive psychology of
language.

There is an important debate in research on the mechanisms of reading on
whether the meaning of words is retrieved through a phonological route, an
orthographic route or a combination of the two (the dual route model). Until now, it
has been commonly accepted that reading involves implicit access to the sound form
of words (Rayner & Pollatsek, 1989) but, there is little consensus regarding the

mechanism underlying this process and to what extent phonological access is
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mandatory for semantic access. Some theorists of phonology strongly argue that
lexical access is mediated by automatic and mandatory activation of the phonological
code (Lukatela & Turvey, 1991; Luo et al., 1998; Van Orden, 1987). Others claim
that meaning can be retrieved directly via a visual-orthographic route (Chen & Shu;
2001; Coltheart, 1997; Pugh et al., 1994) while the amount of phonological
processing involved depends on factors such as writing systems (Frost, 1994), reading
skills (Unsworth & Pexman, 2003), lexical properties" (Jared & Seidenberg, 1991),
and task demands (Milota et al., 1997).

In the literature, phonological encoding in reading has often been investigated
with homophones and pseudohomophones (pronounceable non-words that sound like
a word, Lesch & Pollatsek, 1998; Lukatela & Turvey, 1994a; Lukatela & Turvey,
1994b). For example, in a semantic relatedness task where access to phonology is not
explicitly required, word-homophone pairs (e.g., lion — bare) and
word-pseudohomophones pairs (e.g., table — chare) yielded increased reaction time
and error rate as compared to control pairs (e.g., lion — bean, table — chark; Luo et al.,
1998). These findings have been taken as evidence that phonological information is
automaticélly accessed in silent reading and is a stage of visual word recognition.
However, explicit phonological manipulations (e.g., the use of pseudohomophones)
create an artificial situation that is not commonly encountered in everyday life.
Moreover, the existence of homophone effects does not speak to the question of
phonological mediation in the process of accessing word meaning, neither does it
effectively rule out the possibility of a visually-based, non-phonological approach to
reading. In fact, studies that exclusively examine phonological variables are likely to

misjudge the role of orthography. In studies of monolingual individuals, this issue is
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further complicated by the technical difficulty of testing both phonological and
orthographic effects without resorting to explicit or artificial manipulations.

In the second study of the thesis, we have tested bilinguals’ responses to
phonological and orthographic repetition in L1 translations while reading and
listening to words in L2. This implicit priming paradigm based on the translation
equivalents of ordinary words in the native language avoided the artificial context and
other confounding variables yielded by the use of homographs, homophones, and
pseudohomophones. Furthermore, thanks to the monosyllabic nature of Chinese
characters (i.e., one character always represents one syllable), overlaps in phonology
and orthography were perfectly matched across conditions (see examples of stimuli in
Chapter 4).

As reported in Chapter 6, the results provided evidence that when bilinguals
read or listen to words in their second language, the phonological form of translations
in the first language is spontaneously accessed but orthography is not. This finding
strongly argues in favour of automatic phonological activation in silent reading and is
somewhat incompatible with the dual-route hypothesis. Indeed, potential orthographic
mediation did not survive implicit priming via translations, which is a clear indication
that it is not a natural or automatic process. Instead, word comprehension in both
visual and auditory modality was spontaneously accompanied by phonological
mediation in the absence of participants’ awareness.

Developmental research has demonstrated that children’s phonological
knowledge plays a key role in the acquisition of reading (Admas, 1990) and predicts
early reading abilities (Bradley & Bryant, 1983). Furthermore, deficits in the
development of phonological representations prior to literacy acquisition have been

considered the cause of later reading impairments (Ziegler & Goswami, 2005), and
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brain damage that caused language impairment usually affects the oral picture naming
and writing-to-dictation more severely than written naming (Law & Bella, 2001; Law
et al., 2006). Interestingly, the Chinese-English bilingual participants tested here
acquired English as a second language in a classroom context where they learned to
speak, read, and write at the same time. Unlike native speakers of English, they did
not experience a developmental period where they became familiarised with the
phonological characteristics of English before being exposed to its orthography. Thus,
our findings of phonological access during the processing of words in the second
language are not biased towards phonology due to the context of language acquisition.
Therefore, I propose that spontaneous phonological access in silent reading is an
intrinsic property of reading in all languages. Future studies looking at different
language combinations will shed more light on this hypothesis.

Another long-standing research question in language research concerns the
dissociation between verbal and nonverbal conceptual processing of stimuli. For
example, does the conceptual processing of an image which corresponds to a concrete
object automatically activate the corresponding orthographic/phonological memory
system? While behavioural differences in the access to the meaning of images from
words suggest multiple conceptual stores (McCarthy & Warrington, 1988; Shallice,
1993) and are consistent with neuroimaging evidence for the segregation of verbal
and nonverbal semantic access (Thierry & Price, 2006), there is little consensus on
whether the two processing domains can be functionally dissociated. For example,
Lupker et al. (1989) found that picture categorisation facilitated the naming of
pictures with rthyming labels but not the picture names themselves (i.e., word naming).
This’ study provided mixed evidence for the debate of phonological activation during

semantic processing of pictures (Lupker & Williams, 1989). The authors argued that
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the rhyming effect resulted from participants’ strategy involving sub-vocalisation of
the names of the pictures. This would have affected picture naming more than word
naming because the former often lasted longer than the latter. Therefore, the absence
of initial activation in lexical memory would be the norm during semantic processing
of pictures (see also Babbitt, 1982).

Although it was not the aim of the third study of the present thesis, this very
issue was examined in both monolinguals and bilingtﬂlals because participants were
asked to either make semantic relatedness judgment on pairs of pictures while
refraining from accessing their name or make rhyming judgements on the name of the
same pictures in other blocks. To our surprise, we found evidence for synchronous
phonological and semantic priming in English monolinguals. The Chinese bilinguals,
however, were unaffected by these manipulations in either of their two languages (i.e.,
rhyming and character repetition), suggesting that they did not make use of lexical
information during conceptual analysis (see Chapter 6 for detailed results). This
finding is particularly striking given the extended time-course of ERP recording (i.e.,
up to 1 sec after the picture was presented). To my knowledge, it is the first time that
an interaction between language ability (i.e., monolingual vs. bilingual) and pattern of
lexical-semantic processing of images has been demonstrated. Our results show a
“bilingual benefit” in controlling access to linguistic memory during the processing of
meaningful stimuli. .

The above conclusion is in line with the view that bilingual experience has
enhancing effects on a wide variety of mental abilities. In a series of studies,
Bialystok and her colleagues have shown that, as compared to monolinguals,
bilinguals have enhanced performance in circumstances that require a high level of

involvement of executive functions to effectively control and allocate attentional
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resources in Qrder to meet task demands because they need to manage two competing
languages in everyday life (Bialystok, 2001, 2005)'!. This bilingual advantage has
been established in childhood (Carlson & Meltzoff, 2008), adulthood (Bialystok et al.,
2006), and later life (Bialystok et al., 2004).

For example, in a typical Simon task, coloured stimuli are presented either on
the left or the right side of a computer screen. Participants need to respond to the
colour of the stimuli by pressing one of two keys eitlter with the left of the right hand.
The congruent trials involve colours for which a correct response is on the same side
as the stimulus and the reverse is true in incongruent trials. Monolingual individuals
suffer from the conflicting cues at the opposite location in the incongruent trials (Lu
& Proctor, 1995). Bilinguals have been found to outperform monolinguals on various
versions of the Simon task and other similar tasks that require inhibition of task
irrelevant information (Bialystok, 1999, 2006; Bialystok et al., 2004; Bialystok et al.,
2006; Bialystok & Shapero, 2005).

However, while the literature provides substantial support for the claim of
superior performance of bilinguals as comparable to monolinguals in nonverbal tasks,
it remains unclear whether this bilingual advantage results from the fact that they
practice two, instead of one, languages. Indeed, there is little direct evidence for the
“pilingualism account”, namely that bilinguals develop greater flexibility than
monolinguals in linguistic activities due to the demands of coordinating two
languages in everyday life. By showing that bilingual participants can inhibit the
activation of task-irrelevant lexical information during a semantic relatedness
judgment task on pictures, we provide support for a link between language control

and generic executive function abilities in bilinguals.

1 Others have argued that non-linguistic factors, such as ethnicity and socioeconomic status, could
explain at least partially the differences between bilinguals and monolinguals in attention and executive
functions (Farach & Noble, 2005; Mezzacappa, 2004; Morton & Harper, 2007).
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8. 3. Limitations and future research

As in the case of most electrophysiological studies of language processing in
general and those of bilingual functioning in particular, the experiments reported here
are limited by a number of practical considerations. Here, I introduce these
considerations; I explain the reason why we had to compromise regarding particular
stimulus properties and not others and I propose sevgral ideas to reduce the
methodological shortcomings and other limitations in the thesis for future research.
Second, I will discuss the possibility to modify and apply the implicit priming
paradigm developed here for the investigation of psycholinguistic models of bilingual
language processing.

The first two studies in the thesis examined bilinguals in a single-word context,
and focused on lexical-semantic stages of word processing. A source of variation
when testing single word processing in the absence of any linguistic context is the
existence of multiple definitions and translation equivalents in the other language of
the participants. Most words in English activate more than one meaning. For example,
the word “spring” may refer to the first season’in a year, a small stream of water, or an
elastic coil of wire. Other words may have similar meanings but different grammatical
status (e.g., “smell” is both a noun and a verb). Alternative meanings may yield access
to several Chinese translations and sometimes prompt access to a translation that is
wholly different to the experimentally intended one. Furthermore, English words with
a single primary definition may still be associated with more than one Chinese
translation simply because there can be several Chinese words representing the same
meahing depending on the individual reader or listener. Although particular attention

was paid to these issues when selecting the stimuli, this cross-language
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lexical-semantic “noise” could not be eliminated due to the lack of a
post-experimental verification procedure'?. Nevertheless, the fact that cross-language
priming was significant in experiment series 1 and 2 despite this source of noise
suggest that cross-language activation is a very robust phenomenon.

With regard to the stimuli and the experimental task used, the proportion and
types of semantic relatedness might have been two other sources of confounds.
Previous semantic priming studies have shown that Ehe magnitude of priming
increases as the proportion of related trials increases (De Groot, 1984). This is
explained in terms of an expectancy strategy which benefits in high related/unrelated
ratios (Neely, 1991). The proportions of semantically related stimulus pairs was 50%,
25%, and 25 % in the first, second, and third study, respectively, in order to
counterbalance the experimental conditions (e.g., Chinese character repetition vs.
English rhymes). While the participants would have expected as many related and-
unrelated word pairs in study 1, the semantic priming effect was likely to combine
with a probability effect due to the relatively low proportion of semantic relatedness
in study 2 and 3 (Donchin, 1981; Sutton et al., 1965). Indeed, in both studies 2 and 3,
a late parietal complex (LPC/P600) was visible between 500 and 700 ms in the
semantically related condition. This LPC is likely to be a P300-family event, indexing
re-evaluation of the stimulus often observed in response to a low-probability target
stimulus.

As reviewed in Chapter 3, previous studies on semantic priming effects in 1.2

have differentiated categorical from associative priming at both the behavioural and

2 The population from which the bilingual participants were drawn was a small group of Chinese
students who are closely related to one and another. During the debriefing stage, the factor in Chinese
translations was not explicitly revealed to prevent future participants from knowing this core
component of the experimental paradigm which was supposed to be implicit. As a result, there was no
way to find out whether or not the bilingual participants have accessed the intended Chinese
translations in all the conditions.
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the electrophysiological levels (Kotz, 2001; Kotz & Elston-Guttler, 2004). For
example, categorical L2 word pairs (e.g., “heart” — “liver”) did not bring forth an
N400 priming effect in late learners of L2 while associative word pairs (e.g., “heart” —
“love”) did, This suggests that the two types of relatedness tap into different
processing mechanisms or levels of sensitivity within semantic priming. However,
this distinction was not made in the current studies and the semantic priming in word
pairs or pairs of pictures involved both types of relaEedness. In light of the findings
reported by Kotz and her colleagues, a semantic priming paradigm such as that
implemented in the present thesis would benefit from using only associative word
pairs.

However, the mix of associated and categorical word pairs in the current
experiment was the result of practical concerns which was unlikely to be overcome
without compromising on other more important properties of the stimuli (e.g., the
consistency of character repetition in L1). It is noteworthy that bilingual performance
in translation tasks has been shown to be affected by factors such as word
concreteness and lexical frequency (De Groot, 1992; De Groot, 1995), which can be
readily examined by manipulating these characteristics as an experimental factor with
minimal modifications to the current paradigm.

The present thesis examined word processing in L2 in the context of reading
comprehension, listening comprehension, and covert picture naming. The fact that all
bilingual participants involved were drawn from the same population allowed
systematic comparisons to be made across the three domains. However, this also
restricted the degree to which current findings can be generalised, most significantly,

in three ways.
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First, Grosjean (1998a) has argued that language proficiency is the main
defining characteristic of bilingual individuals and that proficiency accounts for
different performances as well as approaches to L2 word processing. Indeed, in the
Revised Hierarchical Model (Kroll & Stewart, 1994), the determining factor of the
processing patterns of lexical-semantic access in bilinguals is their proficiency in L2:
beginners are more reliant on word association and proficient speakers are more
reliant on conceptual mediation, respectively. The p”resent thesis made the case that
late fluent Chinese-English bilinguals accessed Chinese translations while processing
words in English. As the studies did not compare bilinguals at different levels of .2
proficiency, the influence of proficiency on cross-language interactions remains an
open question. Therefore, current findings cannot fully address the assumptions
behind the RHM until further evidence regarding the effects of L2 proficiency
becomes available.

Second, the studies reported here lacked diversity in L2 learning history
among the bilingual participants. Participants have been learning English as their L2
in the classroom since the age of 12, and by the time of experimentation, they had
lived and studied at a UK institution between one and two years. Previous studies
have suggested that differences in the age and context of L2 acquisition can result in
substantial variability in language knowledge, processing patterns, lexical
representations, and translation performances (H. -C. Chen & Leung, 1989; De Groot,
1995; Kroll & Curley, 1988; Segalowitz, 1997). One recent study in particular has
shown that, compared to behavioural assessments, ERPs are particularly sensitive to
L2 words acquired through classroom instructions (McLaughlin et al., 2004). Since
Chinese-English bilinguals gain basic knowledge of common words via classroom

instruction and mainly based on word associations, this finding may account for the
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absence of behavioural effects in studies 1 and 2. Studies looking at bilingual
participants who acquired L2 in different contexts and at different ages are needed to
test the effect of these other variables.

Third, research on Chinese-English bilinguals or even Chinese monolinguals
constitutes a relatively small, but growing part of the existing literature. Most
previous studies have looked at bilinguals whose L1 and L2 are both European
languages (e.g., English, French, Spanish, and Dutch). Therefore, subsequent studies
will face two major questions regarding the native language and the cultural
background of bilingual individuals: (a) is cross-language activation of L1 translation
equivalents generalisable to other language/cultural combinations? (b) What exactly
gives rise to the character repetition priming effect in Chinese? The available Chinese
literature does not allow us to draw specific conclusions regarding the nature of L1
access. Individual Chinese characters always have meanings; therefore it is unclear
whether the priming effect found is purely formal/lexical or partly conceptual. I have
shown that studies of bilingual individuals can contribute novel understanding in the
study of language processing in general, but our knowledge of language-specific
processing in monolinguals appears to be the bottleneck for the understanding of

bilingual functioning.

8. 4. Conclusion

The overarching goal of the present thesis was to reveal the operating
mechanisms underlying bilingual word processing. The findings demonstrated that (a)
translation equivalents in L1 are accessed when bilinguals read, listen, and retrieve the
phonological form of words in L.2; (b) cross-language activation is automatic,

unconscious, simultaneous to semantic access, and mediated by the phonological
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route during reading and listening; (c) it is delayed, conscious, and unidirectional

(L2->L1) during covert picture naming (i.e., word production here); (d) bilingual

individuals can access conceptual representations from pictures without accessing
corresponding lexical labels in either language, an ability that is unseen in the

monolingual individuals.
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Appendix 1

Consent Form

School of psychology
Bangor University
Informed Consent Form

Names and positions of principal investigators

Guillaume Thierry (PhD) - Lecturer in Neuropsychology
Mark Roberts - Research assistant in Psychology
Yanjing Wu - PhD Student in Psychology

The experiment that you accept to take part in is part
of a research project concerned with the way people process
Languages, especially second language. It is not a test of
the skill of individuals and it is similar to tasks that have
been used for many years in research laboratories and pose
no known discomfort or risk. Nevertheless, you are free to
withdraw from the experiment now or at any time with no penalty.

Your data will be stored, analysed and published in a
completely confidential manner, preserving anonymity. Data
storage is coded so that people not involved in the experiment
will not be able to retrieve any personal information, nor
view your data.

We will be happy to answer any question regarding the

experiment and its significance after it is finished. You may
keep your copy of this consent form.

I, agree to participate in this experiment.

Signed Date

Any complaints concerning the conduct of this research
should be addressed to Professor C.F Lowe, Head of Department,
School of Psychology, University of Wales, Bangor, Gwynedd,
LL57 2AS. In the case of Health Service Patients, complaints
should in addition be addressed to Chief Executive of the
relevant trust.
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Appendix 2

Sample of the Stimuli Rating Questionnaire (Chinese version)”

AR RGT,

Bk, AR KRR FE B R A A M AR I, Y R A I K

BB BRRKN

EARARARUTESARRELRE EMBRRER.

WEREARHHEARAEEME X TRBEREL: ET-KT) FR""

NEARGE AT RIAA YRR (b KiN-ERk) iEdR2"

MREFEERANLAEBEROAERE (kin: FT-52H) #H"3"

WRERARA TR EENEER (L -7 ke

BB E— AN BANBE - ATEREENBR (tin: B #
s

EREm:

1. FHEME AR ERGEX EM, RELERIES, i, SEEXFE.

2. FEMGEFNEHERBAELBRNFE (BES TRAEMARSTHRER
T), LR EHBE B HBENB R A FHRE.

3. AT STAMIERTH (1"BELBRAR R S EERR", REAEMLH
i vER (2,3.4)

3. BIFHERBF LG E R

fEH-fE 3/
BT/
B -S AR/
wr-a/
e TR/
HERR-EMR/
VE 2-A0H5/
HE-aRTk/
MR -5 T/
-t/
H5E-0F 1/
HHN-FER/
G-
==
5 -HETEL
EB-NE/
+ #h- 35/
PR/
udiBg il

" This is a sample abstracted from the stimuli rating questionnaire for study 1. Remind that the Chinese
and the English version of it were evaluated respectively by a group of Chinese monolinguals and a
group of English monolinguals independent of participants involved in the current studies.
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Appendix 3

Sample of the Stimuli Rating Questionnaire (English version)

Dear friends,

First of all, thank you for taking part in the following questionnaire. Please read
carefully the instructions. '

Semantic relatedness rating questionnaire

Please rate the semantic relatedness in the following word pairs.

Put “1” if you cannot see relation between the two words in any aspect (e.g.,
duck-carpenter)

Put “2” if you think the relation is quitg vague (e.g., brain-skin)

Put “3” if you think there is an indirect relation (e.g., house-rock)

Put “4” if you think the relation is quite obvious (e.g., kitchen-plate)

Put “5” if you think the two words are directly related (e.g., doctor-nurse)

Please note

1. Considering only the semantic relatedness (i.e., in terms of the meanings)

2. Trust your first intuition which is usually the most implicit and genuine
opinion of yours. Deep consideration might result in uncertainties.

3. Whenever possible, please provide a clear evaluation (e.g., 1 for unrelated and
5 for related), and avoid making indecisive judgment (e.g., 2, 3, and 4)

3. Please put the number after the “/”

letter-envelop/
banana-orange/
number-gas/
chopstick-food/
hat-knee/
blackboard-boss/
onion-tie/
pencil-paper/
floor-roof/
passport-nurse/
shell-cookie/
beef-pork/
rabbit-desk/
student-school/
sailor-sea/
money-wealth/
land-soil /
fox-language/
sausage-cigarette/
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Lexical Features of the Stimuli
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The table below presents all important parameters of the stimuli that were used in this
thesis, including (from left to right) lexical frequency (Kucera and Francis as cited in
Coltheart, 1981), concreteness/imageability’, number of letters, number of phonemes,
ratings for the semantic relatedness (by both Chinese and English)?, and the standard
deviation of each value (after “/”).

Condi’ LFRQ CNC/IMG  NLET NPHN SRC SRE
SR+ 73/82 554/63 " 5.7/1.6 4720 4.03/0.7 434/0.5
S4R- 73/86 554/76 4.8/1.6 3916 39306 4.28/03
Study 1
S-R+ 73/97 551/83 5.8/1.5 4.7/1.9 127/02 1.50/0.2
S-R- 75/90 556/64 49/1.6 4.0/1.7 1.26/03 1.37/0.2
0 71/66 495/89 5.96/2.1 49/19 1.23/0.5 1.67/0.2
P - 70/85 493/112 5.76/19 49120 1.16/0.5 1.60/0.2
Study 2
S 69/52 493/92 532/16 44/19 424/03 4.62/04
U 70/90 494/114 55423 47124 1.18/0.2 151/0.2
E 41/53 592/36 474/1.1 3.92/t4 1.1206 1.38/0.3
C 38/33 595/40 542/14 405/14 125/04 129/03
Study 3
S 41/40 591/33 5.13/15 3.81/1.5 4.04/04 421/05
592/34 531/1.6  403/1.8 127/0.1 141/0.2

U 39/46

' Words in study 1 and 2 were matched on concreteness, as pictures in study 3 on imageability (see

Coltheart 1981).

2 On a Lickert scale from 1 (completely unrelated) to 5 (strongly related), the minimum/maximum
averaged rating to include a related/unrelated item is 3.
* Labels used in this table have the same connotations as those used in table 4. 1, table 4.2, and table

4.3 in the Method section.
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ERPs from central nine electrodes’ in Study 1
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Semantically related

Unrelated

Character repetition
in Chinese

Unrelated

Semantically related

Unrelated

Character repetition
in Chinese

Unrelated

" These electrodes are FC1, FCZ,FC2, C1,CZ, C2, CP1, CPZ, and CP2, on which the statistics were

performed.
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ERPs from central nine electrodes in Study 2
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ERPs from central nine electrodes in Study 3
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Appendix 9

Additional Information on the Participants

The table below presents additional information on the participants: gender ratio
(male/female), mean age and standard deviations, and English proficiency (e.g.,
IELTS score and standard deviations).

Mean Age English
Participants Gender Ratio ean Ag Proficiency and
and SD SD
English monolinguals 5/10 20.2/1.1 Native
Study1 ~ Chinese-English 6/9 21.132 6.12/0.08
bilinguals
Chinese monolinguals 7/8 18.8/0.4 N/A
English monolinguals 4/11 19.8/1.5 Native
Sdy2 ~ Chinese-English 718 213735 6.3210.05
bilinguals
Chinese monolinguals 6/9 19.1/0.8 N/A
English monolinguals 6/9 204/1.3 Native
Chinese-English
Study 3 bilinguals 9/6 21.8/2.8 6.35/0.03

Chinese monolinguals 5/10 19.9/0.7 N/A
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Appendix 10
Stimuli of Study One
Prime S+R+ Prime S+R- Prime S-R+ Prime S-R-
sheep goat grape peach hornet vest castle coke
bus car death war economy experience pizza story
letter envelope green grass belief information glass lip
hill mountain sister brother operation gesture chest message
sweet honey rain cloud document civilization | mushroom speaker
commerce business black night company princess wedding wall
map geography fly wing romance waste cream coin
factory worker chopstick meal gem’us weather pan wire
summer winter mouth nose pistol handkerchief ticket oil
ocean seaman check cash lift light soap street
wrist watch knife fork density angle clock seat
carpenter wood floor roof navy poster dictionary drama
calendar date exam mark culture file leg travel
flying plane love rose jewelry leader beach baby
~education  professor paper pencil method square heater silk
voice sound man woman blank air bridge army
star planet writing essay diary sunset notebook tank
water river capital government | summary president elephant palm
printer typewriter cock duck circus road ear wife
bull cow coffee tea blackboard boss bean rubber
tooth dentist hamburger salad address tunnel suitcase copper
agriculture farm god heaven tiger teacher rabbit desk
spring autumn money wealth network tennis language fox
book shelf food rice strange doctor gun biology
post mail bottle drink butter gold fountain wheel
soil land win loss jade corn goldfish bag
city town question answer airport machine worm window
pub alcohol bath shower | underground carpet sports monkey
boy girl investigation  research novel child hammer plant
stamp postmark dinner cook finance metal keyboard gate
science  technology picture photo grammar hair number gas
breakfast funch coat jacket peanut flower flat flame
project work intelligence brain hell basement hat knee
concert musician orange banana passport nurse baseball leather
mother father blue sky mobile arm flag ball
school student video film ham train boat university
treatment  medicine sea ship card truck pillow joke
garden park currency bank strawberry lawn sock stone
battery electricity onion potato flood kettle program paint
album camera fire smoke sausage cigarette brush certificate
wine beer oyster scallop crystal fruit biscuit shell
tree leaf foot shoe leader tie building ankle
panda bear dream sleep pen piano snake lake
king gqueen show ice movie telephone monitor pool
report  newspaper music song mask bread telegram cup
patient disease | microphone speaker interview noodle clipper seed
table chair apple pear sugar sand chips bomb
dive jump journal magazine turkey torch theater nail
beef pork virus bacteria volcano rocket publication bin
eye tear mouse rat mercury cement game door
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Appendix 11
Stimuli of Study One

Prime S+R+ Prime S+R- Prime S-R+ Prime S-R-
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Appendix 12
Stimuli of Study Two
Prime (o) Prime P Prime S Prime U
biography leaflet sense olive hell heaven monitor defense
blame dirty wage cock win loss wedding zoology
behaviour ranks hungry chance science research | dictionary drama
precaution handbag goat sun money wealth chest information
repetition weight clock china question answer pillow joke
frank tax jungles experience | government  capital gun biology
taste nap jealous memory “ candy sweet leg travel
flavor investigation method hair exam mark pizza story
landing surrender | comparison pen war fight brush certificate
appearance snake care popular dream sleep baseball sunset
carry growth experience surprise dinner cook boat university
stress overlap strength history music song radio silk
emphasis harmony threat smile writing essay telegram cup
profession agenda particle danger pilot plane bridge army
caution double lie card microphone speaker | suitcase copper
framework imitate mosquito  civilization fire smoke number gas
asymmetry title symbol fortune blue sky ear wife
rubbings expedition desire budget check cash sports monkey
collection tibet drawing chemistry bottle drink clock seat
account conference calendar victory food lunch onion tie
expert walk grave sight rain cloud slipper wheel
mediation warm property gesture virus bacteria | program paint
imbalance tune tomorrow name ocean seaman soap street
awareness province font nature post mail castle coke
contend angle sugar murder sister brother ticket balance
vague pattern tide message water flow notebook tank
vision ‘sleep rocket file floor roof goldfish sock
specialty leader textbook visitor operation patient flat flame
accent cook glove leader bath shower rabbit desk
interest commander crystal nerve newspaper magazine pan wire
sheet mint manual guard fly wing snake lake
ammunition spring reader poison hamburger salad beach quick
persuade novel report storm chips fish glass lip
publication  colleague - goal lumber grass green hat knee
role corner list minister shoes foot hammer beauty
abbreviation match vest aunt light electricity bean rubber
optimistic  instrument industry princess burning heat cookie shell
fortress jam prediction jade table chair curtain nail
progression bank bathroom corn math physics fence bin
cartoon hairpin sausage village hot summer | mushroom weed
parking lake today metal rose love elephant hand
lackey claw exchange nurse coffee tea language fox
bladder shoulder island missile honey sweet game door
bounce bullet secret bee victory fail building revolution
saving cattle submission head time watch worm exchange
sticker clay aim wood winter cold train independence
doctor rice opposition  cigarette nose mouth brick aspect
ammunition marble machine egg banana orange stone ‘clean
spoon key conservation mobile teacher education ball management
divination carrot shark sofa exam test technology anxiety
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Appendix 13
Stimuli of Study Two
Prime 0] Prime P Prime S Prime U
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Appendix 14
Stimuli of Study Three
Prime E Prime Cc Prime S Prime U
beach peach arrow tongue baby cradle ant circle
hand sand axe orange bamboo panda monk toe
book cook balloon bus blackboard chalk baseball eye
box fox butter gold castie wall basketball beef
table cable can bone check cash cauliflower  alligator
cake lake card truck chili ginger spider brush
cat hat cashew belt ”mushroom carrot sink butterfly
clock sock cassette tie exam test calendar pipe
coat boat champagne cigarette chopsticks bowl ruler toast
curtain fountain comb duck church priest coin tent
dam jam cup neck coconut pineapple cheese match
deer beer desert sofa coffee sugar dolphin dentist
dice ice doctor student feather bird dinosaur cabbage
door floor mask noodle fitm camera drawer football
drill pill fist pillow fire smoke aubergine lock
€gg leg garlic ocean forest wood envelope brain
Zipper paper goat hill fork knife goldfish tower
beli shell yellow cucumber frog mosquito bra hammer
glass grass ~ham train hamburger salad hanger pump
green queen hornet vest horse cow heart spring
hair chair ink flood feet shoes heater map
head bread jade corn judge prisoner ladder rainbow
house mouse kettle rice lemon grape leaf square
king wing lamp phone lettuce tomato monitor island
pin bin leek elephant lighting rain notebook broom
light knight lift computer stamp letter peas violin
wine line mailbox oven magazine newspaper| squirrel railroad
lip ship mobile arm -~ microphone  speaker raincoat tennis
clown crown nurse soldier honey candy stair doli
moon spoon patrol stone necklace ring scissor cage
bullet wallet peanut flower nose mouth crab flag
nail snail pen piano pants jacket short bat
pear bear perfume banana eraser pencil fax kitchen
plate gate pigeon boot pepper salt volleyball elbow
fan pan pirate seal plane tank fossil juice
bed red glove watch plum apple sweater window
sea tea rabbit skirt potato onion squid umbrella
sheep jeep rope bottle present candle shark missile
gun sun sausage soap audio television snooker dog
tail sail strawberry lawn star earth lobster toilet
tear ear referee tailor river bridge underwear pork
silk milk torch finger shelf desk tissue key
tree bee underground carpet shirt button iceberg tire
wheel heel volcano rocket shower bath tiger road
monkey hockey watermelon suit sky cloud kite slipper
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Appendix 15
Stimuli of Study Two
Prime 0 Prime P Prime S Prime . U
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