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Chapter 25
Language Processing in Bilingual Speakers

Ana I. Schwartz and Judith F. Kroll

We couldn’t agree where we wanted to go on vacation, y fuvimos una larga discusion
[and we had a long argument]

In the border community of El Paso, Texas, it is not at all uncommon to hear code-
switched phrases like the one above. English and Spanish conversations are heard
throughout all contexts of the community, whether it be on a university campus, a small
café, bus, or in a formal business meeting. What an interesting feat it is then for the typ-
ical, bilingual citizen of El Paso to comprehend the mixture of language that she may
hear or read. How is it that bilinguals comprehend input from their two languages? At
what point in comprehension is the language of the utterance identified? At what point,
if at all, does a bilingual select one language over the other?

These questions seem particularly salient when one considers that most of the world’s
population is proficient in more than one language (Bhatia & Ritchie, 2004). However, it
is important to point out that research on bilingualism is essential toward developing the-
ories of language processing and cognition that extend beyond interests in bilingualism.
For example, take the word “discusion” in the phrase quoted above. Although this is a
Spanish word, it clearly looks like the word “discussion” in English, and this similarity
makes the language membership of the word quite ambiguous. Furthermore, despite the
high degree of superficial, form similarity between these two words, their meanings are
actually quite distinct. In Spanish, “discusion” refers to a disagreement; whereas the
meaning of the English word “discussion” does not include the same combative over-
tones. How do bilinguals disambiguate such words and apply the appropriate intended
meaning? The issue of lexical disambiguation has been a focus in the development of
psycholinguistic theories of language processing and has spurred considerable debate
regarding the role of context in lexical access and the degree to which processes of lan-
guage comprehension are modular vs. interactive. The study of bilingual language com-
prehension allows researchers to address these issues in ways that cannot be achieved
through monolingual paradigms.
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In this chapter, we review the recent literature on bilingual language comprehension
and production. We will focus in particular on issues related to cross-language interac-
tions that take place between a native language and a non-native language. Previous
research has examined both the interactions that occur as a new language is being
acquired as well as the interactions that take place during online language comprehen-
sion processes. In terms of the interactions that take place during acquisition, research
has demonstrated that linguistic characteristics of the native language (L1), such as how
phonologically or syntactically similar it is to the second language (L2) has an effect on
its acquisition (e.g., Bosch, Costa, & Sebastian-Galles, 2000; Fernidndez, 1998;
MacWhinney, 1997). Similarly, there is evidence that the process of acquiring an L2 also
has an impact on the L1. For example, studies of syntactic processing suggest that
parsing preferences that develop in L2 acquisition can transfer and modify the parsing
strategies used during L1 processing (Dussias, 2003). With respect to the interactions that
take place during online processing, research has provided compelling evidence that
bilinguals are unable to selectively activate one of their languages during either compre-
hension or production. Bilingual language comprehension appears to involve the parallel
activation of lexical information during both visual word recognition (Dijkstra, De
Bruijn, Schriefers, & Brinke, 2000; Dijkstra, Grainger, & Van Heuven, 1999; Jared &
Kroll, 2001; Jared & Szucs, 2002; Van Heuven, Dijkstra, & Grainger, 1998; Von Studnitz
& Green, 2002; and see Dijkstra, 2005 for a recent review) and auditory word recogni-
tion (e.g., Spivey & Marian, 1999). Likewise, the spoken production of words in even one
of the bilingual’s two languages appears to activate lexical candidates in both languages
(e.g., Colomé, 2001; Costa, Miozzo, & Caramazza, 1999; Hermans, Bongaerts, De Bot,
& Schreuder, 1998).

Only very recently have researchers begun to examine how language non-selectivity is
modified, if at all, by language or sentence context (e.g., De Bruijn, Dijkstra, Chwilla, &
Schriefers, 2001; Ju & Luce, 2004; Van Hell & De Groot, 1998). To the extent that the
target language cannot be immediately selected, there are also critical consequences for
the cognitive control that bilinguals must develop to negotiate the potential competition
across the two languages (e.g., Bialystok, Craik, Klein, & Viswanathan, 2004; Green,
1998). In this chapter, we will review these studies and discuss the implications for cur-
rent models of the bilingual lexicon in comprehension and production.

In the review that follows, we take an inclusive approach to consider bilinguals to be
anyone who actively uses two languages to some degree of proficiency. Bilinguals are
rarely equally proficient or balanced in their use of the two languages, rendering one of
the languages the more dominant language. Typically, the more dominant language will
be the first or native language, but for bilinguals who have lived in their L2 environment
for many years, the L2 may be functionally more dominant, at least for certain language-
processing tasks. Among the most commonly studied bilinguals (e.g., the Dutch—English
bilinguals in The Netherlands or the Catalan—Spanish bilinguals in Barcelona), many in-
dividuals are actually trilinguals. These contexts of language acquisition and use will
clearly have implications for comprehension although some of the consequences, partic-
ularly in studies of lexical access, have only recently begun to be explored systematically.
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We discuss them in the cases in which there are documented consequences for process-
ing and where there is enough evidence to assess their contribution.

We begin the chapter with a review of models of the bilingual lexicon. Although the
issues we consider in this chapter extend beyond the lexical level, early models of cross-
language representation and processing focused extensively on the way in which words
and concepts are interconnected in the bilingual’s two languages. These models provide
a starting point for understanding how a learner’s cognitive system adapts to the pres-
ence of a second language. We then provide an overview of the recent research that has
examined the cross-language interactions that take place during comprehension and
production at the lexical and sub-lexical levels. These studies consider how single words
and sounds from a bilingual’s two languages are identified and spoken. We then review
the evidence for cross-language interactions at the sentence/syntactic levels. Finally, we
examine a set of issues common to both the lexical and sentential level of processing
that include the cognitive factors that modulate L2 processing, the consequences of
cross-language similarity, the directionality of cross-language influences, and the more
general implications of research on bilingualism for theories of word recognition,
lexical access, and sentence processing. Although our review focuses primarily on be-
havioral evidence from studies of the performance of second language learners and
relatively proficient bilinguals, we also consider the emerging literature on the neural
basis of bilingualism.

1. MODELS OF THE BILINGUAL LEXICON

Early accounts of the bilingual’s cognitive system examined the issue of how an adult
who already has a fully formed lexicon and conceptual system for their native language
represents newly acquired information in a second language. Potter, So, Von Eckardt, and
Feldman (1984) contrasted two alternative models for how a learner might integrate new
L2 knowledge into their existing L1 language system. The models are shown in Figure 1.
According to the Word Association model, new L2 words are represented by means of
associations to their translation equivalents. Thus, to learn that the word kikker in Dutch
means frog in English, the learner would form an association directly between kicker and
frog. On this view, L2 words access meaning indirectly via the L1. In contrast, the
Concept Mediation model assumes that L2 words have direct access to their respective
meanings. Potter et al. tested the two models in a series of experiments in which bilin-
guals named pictures and translated words. They reasoned that if words in the L2 were
lexically mediated via the L1, then translation into the L2 should be performed more
quickly than picture naming because the translation would be directly available without
conceptual processing. Picture naming would necessarily be slower than translation be-
cause to name a picture in L2 would require first accessing its meaning and name in L1,
and only then could the L2 name be retrieved by its association with the L1 translation.
However, if words in the L2 access their respective meanings directly, then all other
things being equal, picture naming in L2 and translation into the L2 should take about the
same amount of time. Potter et al. found support for the Concept Mediation predictions.

o
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L1 lexicon [#———m| L2 lexicon

~,

concepts

Figure 1. The Word Association and Concept Mediation models (adapted from Potter et al., 1984).

In two experiments, one with highly proficient Chinese—English bilinguals and the other
with French—English second language learners, the time to name pictures and translate
words was approximately the same. Contrary to the predictions of the Word Association
model, the time to name pictures was, if anything, faster than the time to translate words.
The results were counterintuitive because although the learners were slower in L2 than
the proficient bilinguals, the pattern of results was the same, suggesting that even at early
stages of L2 learning, individuals are able to access concepts directly.

The models shown in Figure 1 assume independent representations at the lexical level
but a shared representation at the conceptual level. A question that we will return to is
how the picture of cross-language activity suggested by the current research can be
accommodated within this hierarchical framework. If even learners can access meaning
directly for words in the L2 as the Potter et al. (1984) results suggest, then lexical-level
interactions across languages might be expected to be quite limited. However, the imme-
diate problem raised by the Potter et al. study was to understand why striking differences
in L2 skill did not seem to influence the form of the connections between words and con-
cepts in the bilingual’s mind. Two subsequent studies (Chen & Leung, 1989; Kroll &
Curley, 1988) failed to replicate the Potter et al. results for the less-proficient L2 learn-
ers. In each of these studies, the performance of highly proficient bilinguals replicated the
Concept Mediation model’s pattern, with similar latencies for naming pictures in the L2
an translating words into the L1. However, contrary to Potter et al., the performance of
L2 learners followed the pattern predicted by the Word Association model, with transla-
tion into the L2 significantly faster than picture naming in the L2. The apparent discrep-
ancy in the findings for L2 learners may be attributed to their level of proficiency. The
learners in the Potter et al. study were high school students about to travel to France for
a summer immersion experience. Although they were far from proficient in French, they
were presumably highly motivated learners who were likely to have been beyond the very
earliest stages of acquisition.
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The results of Chen and Leung (1989) and Kroll and Curley (1988) suggested that
learners initially associate new words in the L2 to their translation equivalents in the L1
and only later become able to access concepts directly. To account for the change in the
connections between words and concepts as L2 skill develops, Kroll and Stewart (1994)
proposed the revised hierarchical model (RHM). The model, shown in Figure 2, inte-
grates the Word Association and Concept Mediation models but, unlike the earlier mod-
els, also makes assumptions about the strength of connections. At the lexical level, the
RHM assumes that the connection from L2 to L1 is stronger than the connection from L1
to L2. Because learners presumably access L1 translations during early stages of acqui-
sition for the purpose of retrieving the meaning of new L2 words, the requirement to
transfer information from L1 to L2 will create a strong lexical-level connection from L2
to L1. With respect to the connections from words to concepts, the RHM proposes that
the L1 is privileged with respect to accessing meaning and thus L1 connections to con-
cepts will be stronger than those for L2 and only with increasing L2 proficiency will the
L2 links to concepts begin to resemble those for L1.

The RHM can account for an asymmetry observed in the previous studies such that
translation in the forward direction, from L1 to L2, is typically slower and more error-
prone than translation in the backward direction, from L2 to L1. According to the model,
L2 to L1 translation can be performed by retrieving lexical-level associations that provide
a direct route to the translation, whereas translation from L1 to L2 is more likely to en-
gage concept processing and subsequent lexicalization by virtue of the strong connec-
tions between L1 words and their respective meanings. The translation asymmetry is
consistent with this account but can also be attributed to difficulties in accessing the
phonology of the weaker L2. To provide a more critical test of the RHM, Kroll and
Stewart (1994) examined the translation performance of relatively proficient
Dutch-English bilinguals in contexts in which the words to be translated appeared in
semantically categorized lists or in lists that were semantically mixed. If only translation
from L1 to L2 engages meaning, then only translation in that direction should be
influenced by the semantic organization of the list context. The results confirmed this
prediction. Translation from L1 to L2 was slower in the semantically categorized lists

lexical
links
L1 o L2
———————— -

K4
conceptual R ‘ conceptual
links L, ‘ links

/
concepts

Figure 2. The Revised Hierarchical Model (adapted from Kroll & Stewart, 1994).
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than in the mixed lists but translation from L2 to L1 was unaffected by this manipulation.
The fact that semantically categorized lists induced interference was attributed to likely
competition during L2 production (see Kroll, Bobb, & Wodniecka, in press for a recent
discussion of this issue).

If conceptual processing in the L2 is a function of proficiency, then why did the
Dutch—English bilinguals in the Kroll and Stewart (1994) study, who are relatively skilled
speakers of English, show an asymmetry for the two directions of translation? One
possibility is that the words to be translated included items that were relatively low
frequency, making it more likely that the L2 would revert to reliance on the L1
translation. A number of recent studies have suggested that weighting of interlanguage
connections is affected not only by the proficiency of the bilingual speaker but also by
the nature of the words and concepts that are translated (e.g., Francis, Tokowicz, & Kroll,
2003). When a small set of items are well learned or highly practiced, even relative
novices may appear to conceptually process words in the L2 (e.g., Altarriba & Mathis,
1997). However, under other circumstances, the development of L2 proficiency appears
to shift from reliance on lexical cross-language connections to reliance on conceptual
interconnections with increasing skill (e.g., Kroll, Michael, Tokowicz, & Dufour, 2002;
Talamas, Kroll, & Dufour, 1999). Although there is controversy with respect to the issue
of whether highly proficient bilinguals ever revert to lexical mediation during translation
(e.g., Duyck & Brysbaert, 2004; La Heij, Hooglander, Kerling, & Van der Velden, 1996),
the evidence on L2 learners suggests that there is an early stage of acquisition in which
L1 translations are highly active (Sunderman & Kroll, in press).

The RHM and the earlier Concept Mediation model share an implicit assumption that
once individuals achieve sufficient expertise in the L2, the L2 can function automously of
the L1 (but see Kroll & De Groot, 1997, for a distributed model at both the lexical and
conceptual levels). As we will see in the remainder of this chapter, it is this assumption
that has been challenged in the recent literature in which cross-language activity has been
observed for even highly proficient bilinguals. While no one would dispute the fact that
bilinguals gain automaticity in processing the L2 with increasing skill (e.g., Segalowitz &
Hulstijn, 2005), recent studies suggest that proficiency does not imply an ability to use
each of the languages automonously, as if the bilingual were functionally monolingual.
However, a recent study (Sunderman & Kroll, in press) demonstrated that at the lexical
level, it is the activity of the translation equivalent that changes with increasing
proficiency, but not the activity of lexical form relatives. As we will review below in the
section on lexical-level cross-language interaction, when bilinguals read or hear words in
one language, there is activation of related information in the other language. However,
what is active for proficient bilinguals is the orthographic and phonological information
present in words in the two languages, not the translation equivalent itself. Thus the word
man might be briefly activated in English when an English—Spanish bilingual reads the
word mano, meaning hand in Spanish. These words are semantically unrelated but share
similar lexical form. Sunderman and Kroll showed this type of cross-language activity
occurred regardless of L2 proficiency. In contrast, activation of information related to the
translation equivalent (e.g., the word hambre, meaning hunger in Spanish, resembles
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hombre, the translation of man) occurred only for learners at relatively early stages of L2
acquisition. The account provided by the RHM with respect to lexical mediation thus
appears characterize the performance of learners who still depend on the L1 to access
meaning and more proficient bilinguals who may revert to this strategy when the words to
be translated are relatively low frequency in the L2, as seen in Kroll and Stewart (1994).

A comprehensive bilingual model will require that distinctions be made between
those aspects of cross-language representation and processing that change dynami-
cally with changes in proficiency and language use, and those that reflect the way in
which the linguistic structure of the bilingual’s two languages imposes constraints that
are relatively stable (see Kroll & Tokowicz, 2005 for a discussion of these issues).
Furthermore, it will require that a principled account of the relation between sub-lex-
ical, lexical, semantic, and syntactic processes. In the sections that follow we report
the recent evidence at each of these levels of language processing and further consider
the manner in which context and skill and modulate the observed cross-language
interactions.

2. CROSS-LANGUAGE INTERACTIONS AT THE LEXICAL AND SUB-
LEXICAL LEVELS

2.1. The Perception of Speech in Two Languages

A focus of contemporary psycholinguistic research on both monolinguals and bilin-
guals concerns the mechanisms that allow individuals to perceive and uniquely identify
the sounds and words of their languages. Indeed, one of the first tasks faced by all
language learners is the identification of his/her native language(s) and all of its distinct
sounds. In the earliest days of life, newborns are able to discriminate between unfamil-
iar languages, particularly if these languages belong to different rhythmic classes (e.g.,
Mehler et al., 1988). What about infants who are raised in multilingual environments?
Recent findings suggest that bilingual infants might have enhanced language-discrimi-
nation abilities. Infants raised in bilingual environments show an early ability to
discriminate languages; even those that are from the same rhythmic class (Bosch &
Sebastian-Gallés, 2001).

In addition to making cross-language distinctions, young language learners must learn
to identify and discriminate sounds within their native language(s). Research on
monolingual language acquisition has demonstrated that within the first year of life
monolingual infants are sensitive to the phonotactic patterns of their native language. For
example, as early as nine months of age they are able to discriminate phonological
sequences (e.g., CV structure) that conform to the regularities of the language from pat-
terns that do not (e.g., Jusczyk, Goodman, & Baumann, 1999; Sebastidn-Gallés & Bosch,
2002). How do the early sensitivities of infants exposed to multiple languages compare
to those of infants raised in monolingual contexts? Recent evidence suggests that infants
who are exposed simultaneously to two languages develop phonotactic sensitivities at the
same rate as monolinguals. More interestingly, the degree of this sensitivity increases as
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a function of the relative exposure to a given language; thus even at this early stage of life
infants’ perceptual abilities can reflect a perceptual dominance for the language to which
they are most often exposed (Sebastidn-Gallés & Bosch, 2002). This perceptual domi-
nance of one language over another has been shown to persist into adulthood. It has been
found that even highly proficient bilinguals apply one set of segmentation rules exclu-
sively from the language to which they were most often exposed when parsing speech
(e.g., Cutler, Mehler, Norris, & Segui, 1989).

During the early months of life, infants are also developing cognitive representations
of the different sounds or phonemes that make up their native language (Kuhl, Williams,
Lacerda, & Stevens, 1992; Marean, Werner, & Kuhl, 1992; Werker & Lalonde, 1988).
The perceptual system is quite flexible, allowing very young infants to make non-native
phonemic contrasts. Remarkably, within just 6-12 months of age, there is a significant
re-organization in which perceptual processes become specifically tuned to the native
language and infants’ ability to discriminate non-native phonemic contrasts diminishes
(Werker & Lalonde, 1988). With increasing age and linguistic exposure, this language-
specific tuning acts as a filter through which a non-native language is perceived. As a
consequence, two phonemes that are contrastive within a second or less familiar language
may be perceived as the same phoneme if the L1 does not distinguish between these
sounds. For example, adult native Japanese speakers often have great difficulty in distin-
guishing between the /r/ and /I/ English phonemes, which are not contrastive in Japanese
and both phonemes tend to be perceived as /1/.

This L1 filtering effect has been observed even for highly proficient bilinguals who
have had long lifetime experiences and seemingly equal command of both languages
(e.g., Pallier, Colomé, & Sebastian-Gallés, 2001; Pallier, Bosch, & Sebastidn-Gallés,
1997; Sebastidn-Gallés, Echeverria, & Bosch, 2005). For example, highly proficient
Spanish—Catalan speakers performing an auditory lexical decision in their L2 showed
repetition priming for Catalan words that differed only by a single vowel contrast that
does not exist in Spanish. These priming effects suggested that the bilinguals were
perceiving the minimal pairs as the same entity. A separate group of Catalan-dominant
bilinguals did not show these priming effects. These results were particularly remark-
able since the two bilingual groups were both early bilinguals who were living in the
same city and had received the same bilingual education. Indeed, the Spanish-domi-
nant group was distinguished based only on the fact that they had been raised in
Spanish monolingual homes during their earliest childhood prior to entering school
(Pallier et al., 2001).

However, it is important to note that the perceptual system does not ever completely
lose its ability to perceive new phonemes and distinguish new contrasts. Furthermore,
non-native speakers vary greatly in their ability to discriminate L2 contrasts (e.g.,
Strange, 1995). The relative ease with which non-native phonemes are perceived and
contrasted depends critically on several factors, including the phonetic similarity of the
native and non-native languages and the age at which the second language was acquired
(e.g., Flege, 1995).
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2.2. Recognizing Words in Two Languages when they are Read or Spoken

The studies reviewed thus far highlight the ways in which the acquisition of a native
language has a fundamental and long-lasting effect on how the sub-lexical and lexical
units of a new language are perceived and acquired. There is also evidence for cross-lan-
guage interactions that occur during the online comprehension of language, and there is
now a large body of literature demonstrating that when recognizing words bilinguals
activate lexical and sub-lexical units from both of their languages in parallel (e.g.,
Dijkstra et al., 1999; Dijkstra et al., 2000; Jared & Kroll, 2001; Ju & Luce, 2004; Marian
& Spivey, 2003; Van Heuven et al., 1998).

Many of the studies that have looked at these online interactions have focused on
visual word recognition tasks such as lexical decision and naming. The general strategy
has consisted of presenting bilinguals with words in one language that share some
lexical property or properties with words from their other language. For example, in a
lexical decision task bilinguals may be presented with non-words (blart) and two types
of words: Words that share lexical form and meaning with the non-target language (e.g.,
the cognate piano in English and Spanish) or control words that do not share any lexi-
cal property with the non-target language (e.g., pencil). One can then compare the bilin-
guals’ word recognition performance, in terms of latency and/or accuracy, for these
critical words relative to control words that do not share lexical properties (e.g., pencil
in English and Spanish). If bilinguals are able to selectively activate a single language
during word recognition, then whether the word shares lexical properties with the non-
target language should be of no consequence. If, on the other hand, there is parallel
activation of both languages then the processing time and/or accuracy of performance
should differ from control words.

The evidence has consistently demonstrated that bilingual word recognition involves
the parallel, non-language-selective activation of both languages. For example, the pro-
cessing of cognates is consistently facilitated relative to non-cognate control words
across a wide variety of tasks including translation (Kroll & Stewart, 1994); word asso-
ciation (Van Hell & De Groot, 1998) and lexical decision (Dijkstra, Van Jaarsveld, & Ten
Brinke, 1998). In translation, it is perhaps not surprising to find cognate facilitation
because both languages are required to be active. However, in within-language lexical de-
cision, it should be possible to function selectively, yet even under these circumstances
there are robust effects of the non-target language. Cognate facilitation is obtained when
bilinguals perform visual lexical decision in their native language with no expectation
that the L2 will be used, suggesting that these effects are not simply a reflection of the
stronger L1 influencing the weaker L2 (e.g., Van Hell & Dijkstra, 2002). Furthermore,
evidence of non-selectivity persists irrespective of the surrounding language context, task
instructions, or participant expectations to process one or multiple languages (Dijkstra,
Timmermans, & Schriefers, 2000; Dijkstra & Van Hell, 2003).

It is important to note that the nature of the effects of non-selective activation depends
on the relative match of the lexical codes (orthographic, phonological, and semantic)
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across languages. While cognate facilitation has been observed across a variety of
different tasks, the effects of inter-lingual findings regarding interlingual homographs,
words that share form but not semantics (e.g., fin in Spanish means “end”) have not been
nearly as consistent. Some studies have demonstrated inhibitory effects associated with
homograph status (Dijkstra et al., 1998; Jared & Szucs, 2002; Von Studnitz & Green,
2002), while others have failed to find any effects at all (Dijkstra et al., 1998; Gerard &
Scarborough, 1989). Furthermore, the specific nature of homograph effects, whether they
are inhibitory or facilitative in nature has varied as a consequence of differences in task
demands, the salience of the non-target language, and the relative frequency of the ho-
mographs’ lexical representations across languages (Dijkstra et al., 2000a; Dijkstra et al.,
2000b; Dijkstra et al., 1998).

In a recent study, Schwartz, Kroll, and Diaz (in press) found further evidence that
bilingual lexical processing of cognates is influenced by the relative match in ortho-
graphic and phonological codes across languages. In that study, English—Spanish bilin-
guals named cognates (e.g., piano) and non-cognate control words (e.g., lapiz/pencil)
in their L1 and L2. The cognates were classified according to the relative orthographic
and phonological similarity across English and Spanish. To illustrate, the
English—Spanish cognate base maps on to very distinct pronunciations ([bas] vs.
[base]) and was classified as +O—P, whereas piano is pronounced much more simi-
larly ([pie’nou] vs. [pi’a’no]) and was classified as +O+P. The authors predicted that
in the presence of highly similar orthography (e.g., piano/piano; baselbase), the acti-
vation of the cross-language phonological representations would be particularly strong.
When these representations were more distinct (e.g., [bas] vs. [bdse]) the resulting
competition would inhibit performance. The findings supported this prediction, the
+0O+P cognates (e.g., piano) were named faster and more accurately than the +O—P
cognates (e.g., base) in both the L1 and L2 of the participants. This suggests that not
only is lexical access non-selective across bilinguals’ two languages, but that the sub-
tle interactions between the activated codes determine the manner in which cross-lan-
guage competition is manifest.

The studies reviewed above all focused on cross-language activation that occurs dur-
ing the recognition of visually presented words. In these studies, effects of cross-lan-
guage activation may have been particularly robust since the visual input (i.e., a string of
letters) can be completely language neutral (e.g., fin in English and Spanish), at least in
the case in which languages share the same script. It should be noted that cross-language
activation has also been observed for words that are not identical. For example, the iden-
tification of cross-language neighbors, words that share all but one letter across lan-
guages (e.g., cine/dine in Spanish and English), has been shown to be slower and more
error-prone relative to control words in lexical decision (Van Heuven et al., 1998) and
naming (Jared & Kroll, 2001). There is also facilitation for recognizing cognates even
when the cognates are non-identical (Van Hell & Dijkstra, 2002). Furthermore, there is
evidence that even when the languages do not share the same script (e.g., Hebrew and
English or Chinese and English), cross-language priming effects can be observed (e.g.,
Gollan, Forster, & Frost, 1997; Jiang, 1999).
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Parallel activation of information in each of the bilingual’s languages during visual
word recognition has been modeled in a variant of McClelland and Rumelhart’s (1981)
Interactive Activation model for monolingual word recognition called the Bilingual
Interactive Activation model, or BIA (Dijkstra et al., 1998). The model is shown in
Figure 3. Like the monolingual model, BIA assumes that there is parallel activation of

English
Language Node

Level Q
Word Level @ @
words

Letter Level

Feature Level

Visual Input

Figure 3. The Bilingual Interactive Activation Model (adapted from Dijkstra et al., 1998).
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letter features, letters, and words, with information similar to the input string activated to
some degree and producing competition across alternative candidates. However, unlike
the monolingual model, BIA includes a layer of language nodes which serve to represent
the top-down contextual biases and subsequently inhibit the bottom-up activation of the
non-target language. In this scheme, the inhibitory effects occur relatively late in
processing, once the initial components of word recognition are set in motion for all pos-
sible solutions in either of the bilingual’s two languages. BIA has been implemented as
a computer model and does an excellent job of simulating bilingual word recognition
performance under conditions in which the words to be recognized differ in their within
and across-language orthographic properties (Van Heuven et al., 1998). At the end of the
chapter, we describe an updated version of the BIA model that includes phonology and
semantics as well as orthography, and also makes some different assumptions about the
way in which language selection is controlled.

The observation of parallel activity across the two languages during visual word recog-
nition does not necessarily suggest that similar cross-language activation occurs during au-
ditory processing of the speech signal. Since languages differ in their component sounds
it can be argued that within the speech signal there are language-specific cues that are not
as readily available within printed text. There have been a few studies that have examined
cross-language interaction during speech processing. In a seminal study, Spivey and
Marian (1999) asked Russian—English bilinguals to view an array of objects as they lis-
tened to instructions in either their L1 or L2 which indicated an object that they should se-
lect (e.g., “pick up the marker”). On critical trials the instructions indicated a target object
whose phonological onset was the same as that of another object in the non-target lan-
guage (e.g., “stamp” in Russian is “marka”). To test whether the non-target lexical repre-
sentation of the object was activated, the authors monitored the bilinguals’ eye-movements
as they surveyed the array of objects and listened to the instructions. When the instructions
indicated an object whose phonological onset was shared across languages, participants
initially looked toward the object that shared this onset in the non-target language. This in-
dicated that upon hearing the initial, shared phoneme, the bilinguals activated lexical can-
didates from both of their languages (and see Marian & Spivey, 2003).

Using a very different paradigm, Colomé (2001) found converging evidence that bilin-
guals activate phonemic representations from both languages in a non-selective manner.
In that study highly proficient Spanish—Catalan bilinguals performed a phoneme moni-
toring task in their L2, in which they decided whether the name of a visually presented
picture (e.g., a table) contained a target phoneme (e.g., /m/). On critical trials, the
bilinguals had to reject phonemes that were not part of the Catalan name (e.g., /m/ is not
present in the Catalan word taula) but were part of the contextually irrelevant Spanish
translation of that object (e.g., mesa). The bilinguals took significantly longer to reject
phonemes contained in the Spanish translation relative to phonemes that were not part of
the picture’s name in either language (e.g., /s/).

Subsequent studies have demonstrated that aspects of the linguistic input itself may

make it possible to constrain the parallel activation of the non-target language when
processing spoken language. Weber and Cutler (2004), testing Dutch—English bilinguals
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with an eye-tracking paradigm very similar to Marian and Spivey (2003), found signifi-
cant cross-language effects from the L1 to the L2 (i.e., when bilinguals were processing
the spoken targets in the non-native language) but not from the L2 to L1. Likewise, Ju
and Luce (2004) replicated the basic pattern of cross-language phonological competitor
effects, but then went on to demonstrate that cross-language competitor activation could
be eliminated when the VOTs of the initial phonemes were spoken like the L1. That is,
L2 competitors were no longer activated when the target words were perceived to be na-
tive-like speech. These results contrast with results from experiments using written stim-
uli and illustrate the critical role that access codes play in the activation of lexical and
sub-lexical representations in bilingual language comprehension.

2.3. Cross-Language Lexical Access in Context

Two types of studies have examined cross-language influences on lexical access in
context. One adapts the standard semantic priming paradigm (e.g., Meyer &
Schvaneveldt, 1971) to ask whether semantically related words prime target words when
the primes and targets appear in different languages. The other asks whether the parallel
activation of lexical alternatives in both languages is modulated by the presence of sen-
tence context and whether lexical access within each language is open to the semantic
and syntactic influences of sentence context in the other language. We consider briefly
the evidence from each of these areas of research.

2.3.1. Semantic context

Early research on the bilingual lexicon used the semantic priming paradigm as a means
to test the independence of representations across the bilingual’s two languages (e.g.,
McCormack, 1977; Snodgrass, 1984). In semantic priming, a prime word is typically pre-
sented briefly and then followed by a target word for lexical decision. When the prime
word is semantically related to the target word, lexical decision time is facilitated relative
to conditions in which the prime is unrelated to the target (Meyer & Schvaneveldt, 1971).
A series of studies using variants of the semantic priming paradigm (e.g., Altarriba, 1990;
Chen & Ng, 1989; De Groot & Nas, 1991; Kirsner, Smith, Lockhart, King, & Jain, 1984;
Meyer & Ruddy, 1974; Schwanenflugel & Rey, 1986; Tzelgov & Eben-Ezra, 1992)
demonstrated that it was possible to observe semantic priming across as well as within lan-
guages. The result of these studies suggested that bilinguals access semantic representa-
tions that are shared across the two languages (and see Dufour & Kroll, 1995, for related
evidence from a categorization paradigm). Although some of these studies attempted to
control the methodology of the priming paradigm to ensure that any observed priming
could be attributed to automatic processes, many of the early studies can be criticized on
methodological grounds because they included a high proportion of related trials and a
long interstimulus interval between prime and target words that may have encouraged sub-
jects to develop expectations for the upcoming targets (see Neely, 1991). The use of long
prime-to-target intervals in the bilingual experiments is particularly problematic because
in some of these experiments subjects may have been encouraged to translate the prime
and/or target into the same language. If primes can be translated, even on a small
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proportion of trials, then the observed cross-language effects may reflect only the presence
of within-language priming in the cross-language conditions.

Subsequent cross-language semantic priming studies attempted to control for these
factors with the result that cross-language priming was obtained but only under some
conditions. For example, using a masked priming paradigm (see Figure 4 for an illustra-
tion), in which participants cannot consciously report the prime information and are
therefore not even aware of the bilingual nature of the task, De Groot and Nas (1991)
found evidence for cross-language associative priming only when translation equivalents
in the two languages were cognates, sharing lexical form as well as meaning. Keatley,
Spinks, and De Gelder (1994) reported that even when bilinguals are highly proficient in
both languages there are asymmetries in the magnitude of semantic priming, with signif-
icant facilitation only with L1 primes and L2 targets (see also Altarriba, 1990, and
Tzelgov & Eben-Ezra, 1992).

Recent studies of cross-language priming have reported mixed results with respect to
the conditions under which priming is observed. On one hand, a series of masked prim-
ing studies (e.g., Gollan et al., 1997; Jiang, 1999) has shown that cross-language priming
is observed in lexical decision for translation equivalents even when the two languages
involved do not use the same script (Hebrew—English and Chinese—English), but is only
consistently reliable with L1 primes and L2 targets (and see Grainger & Frenck-Mestre,
1998, for evidence that priming is observed in semantic categorization but not in lexical
decision). Finding cross-language masked priming is particularly striking because
participants are unaware of the prime words. When experiments are designed so that the
language of target words is blocked, the experiment can be functionally performed in
“monolingual mode” (Grosjean, 2001), thus reducing the likelihood that a translation

JUST Target
i s it Backward Mask
(500 milliseconds)
Justo Prime
(60 milliseconds)
HHHEHEH Forward Mask
(500 milliseconds)

Figure 4. Schematic illustration of the masked priming procedure. In this example, a Spanish prime
word (justo meaning “just”) is preceded and followed by a forward and backward visual mask. An
English target word (just) is then presented. The combination of the brief presentation of the prime
word in addition to the masking stimuli minimizes conscious processing of the prime word.
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strategy can account for the observed priming. However, other studies suggest that there
are limits to the degree of cross-language priming that reflect constraints in the nature of
bilingual language representations attributable to the age at which individuals acquired
the L2 (e.g., Kotz & Elston-Giittler, 2004; Silverberg & Samuel, 2004) and the amount
and kind of semantic information that is accessed for each language (e.g., Finkbeiner,
Forster, Nicol, & Nakamura, 2004; Kotz & Elston-Giittler, 2004). The constraints ob-
served in cross-language priming also appear to reflect the degree of proficiency in the
L2. For example, Kotz and Elston-Giittler found that late L2 learners were able to exploit
associative but not categorical relatedness, whereas early bilinguals were able to use both
types of information. Although the earlier research was largely compatible with a model
of the lexicon in which the two languages access the same semantic information (see
Francis, 2005, for a review), the recent studies support a mixed model in which some
semantic information is shared and other semantic information is distinct (see De Groot,
1993, and Van Hell, 1998, for models of partly shared cross-language semantics). It re-
mains to be seen to what extent the type of bilingualism determines the ability to acquire
all of the subtle nuances of meaning in the L2 that are available in the highly skilled L1
(see Segalowitz & Hulstijn, 2005, for a discussion of issues of automaticity in the L.2).

2.3.2. Sentence context

The findings from research on both auditory speech and text comprehension are com-
patible with a fairly open lexical system in which information activation flows across
both languages. However, as mentioned previously, most of these findings stem from
studies in which stimuli were presented in fairly de-contextualized conditions, such as
single-word naming and lexical decision. Is the cross-language flow of activation at all
constrained when there is a context such as a sentence that provides additional semantic
information? To date there have been very few studies that have addressed this question
directly (Elston-Giittler, 2000; Greenberg & Saint-Aubin, 2004; Schwartz & Kroll, 2006;
Van Hell, 1998). Findings from these studies suggest that cross-language activation can
be indeed constrained by the presence of a sentence context, allowing the system to
operate in a more language-selective manner. For example, both Schwartz and Kroll
(2006) and Van Hel