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1 Introduction

In the past decade there has been increasing interest on the part of cognitive
psychologists and psycholinguists in characterizing the cognitive processes
that support second language acquisition. One focus is to understand how
cognitive systems are constrained by the context and timing of acquisition and
to identify the source of these constraints (e.g., Birdsong, 1999; Hyltenstam
and Abramsson, this volume; Long, 1990, 1993; MacWhinney, 1999). A second
concerns the cognitive consequences of having two languages active in early
childhood (e.g., Bialystok, 1997). A third addresses the representations, pro-
cesses, and strategies that are used when skilled adult bilinguals read and
speak words and process sentences in each of their two languages (e.g., Costa,
Miozzo, and Caramazza, 1999; Dijkstra, Van Jaarsveld, and Ten Brinke, 1998;
Dussias, 2001; Jared and Kroll, 2001). These strategies include processes that
are a feature of monolingual performance as well as those that peculiarly
reflect the specific demands of juggling two languages in a single mind (e.g.,
Green, 1998; Grosjean, 2001). It is this third focus that is the topic of our
chapter. From a psycholinguistic perspective, understanding the basis of pro-
ficient bilingual performance reveals the cognitive processes that are neces-
sarily recruited during second language acquisition as well.

We first review the recent psycholinguistic evidence on reading and speaking
in two languages. In each section, we summarize studies on skilled bilingual



Cognitive Processes in L2 Learners and Bilinguals 105

performance and, where available, the corresponding data for second lan-
guage learners. Our review will address issues of lexical acquisition and rep-
resentation because it is this topic on which the greatest research efforts have
been focused. In the course of the chapter we will also attempt to illustrate the
methods that psycholinguists use to examine these issues. Within each section
we also illustrate the manner in which psycholinguistic models of lexical rep-
resentation and processing have been extended to accommodate the presence
of two languages. Finally, we consider the implications of the recent psycho-
linguistic research for second language pedagogy.

2 Reading and Speaking Words in
Two Languages

Early research on the bilingual lexicon investigated the question of whether
the bilingual or second language learner possessed one or two lexicons for
words in each language (for recent reviews see Gollan and Kroll, 2001; Francis,
1999). It eventually became clear that this question alone was too unconstrained
to provide an adequate model of either the developing or proficient lexicon.
For one thing, there was disagreement about what the lexicon itself might
include and whether the conclusion that the lexicon was integrated or separ-
ated for words in two languages applied to all aspects of lexical representation
or only to some. For example, an initial proposal was that lexical forms were
represented separately but that words in the bilingual’s two languages shared
a common semantic system (e.g., Potter, So, Von Eckardt, and Feldman, 1984;
Smith, 1997). However, subsequent research suggested that, at least under
some circumstances, the representation of lexical forms may be integrated (e.g.,
Van Heuven, Dijkstra, and Grainger, 1998) and that although some core aspects
of semantic representation may be similar across languages, differences in
usage and context may limit the degree to which even the semantics are shared
(e.g., De Groot, 1993; Pavlenko, 1999).

A second source of confusion in thinking about the number of lexicons in
bilinguals was that assumptions about representation were typically con-
founded with assumptions about access. Van Heuven et al. (1998) point out
that separate lexicon models tended to be associated with selective access
whereas integrated models assumed non-selective access. In other words,
models which assume separate lexical representations are likely to claim that
it is possible to selectively activate words in one language only, whereas
models which assume an integrated lexicon are likely to claim non-selective
and parallel activation of word forms in both languages. Because the form of
representation and the mode of access are potentially independent, a number
of additional alternatives are logically possible, although rarely considered. For
example, there might be separate lexicons, one for words in each language,
but with non-selective access to both in parallel.
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More recent research has addressed five questions that will serve to frame
our review: (1) How are lexical forms in each language represented and act-
ivated during reading?; (2) Are semantic representations shared across the
bilingual’s two languages?; (3) On what basis are lexical and semantic rep-
resentations connected for words and concepts in each language?; (4) How
are words spoken in the second language when a more dominant alternative
almost always exists in the first language?; and (5) How is the activation of
lexical form and meaning controlled so that bilinguals recognize and speak
words in the intended language?

2.1 How are lexical forms in each language
represented and activated during reading?

Psycholinguists use a variety of tasks to investigate word recognition during
reading. One of the most common is lexical decision, a paradigm in which
a letter string is presented on a computer screen and the participant is sim-
ply asked to judge, as quickly as possible, whether it forms a real word. By
manipulating the properties of the task and the properties of the letter string, it
is possible to identify those aspects of lexical representation that are involved
when words are identified and to examine the extent to which information in
the bilingual’s two languages interact during this process. For example, in a
study by Van Heuven et al. (1998) proficient Dutch–English bilinguals per-
formed lexical decision in each of their languages. The main question was
whether the time to decide that a letter string was a word in either language
would be influenced by the presence of orthographic neighbors in the other
language. Past research on word recognition within a single language has
shown that the time to recognize a word is influenced by the number and
frequency of its neighbors (see Andrews, 1997, for a review). The question in
the Van Heuven et al. study was whether the time for Dutch–English bilinguals
to judge a string of letters as an English word would be affected by the pres-
ence of neighbors in both languages (e.g., for a Dutch–English bilingual the
letter string word has the neighbors work and wore in English but also the
neighbors bord and worp in Dutch). The results showed that even when only
one of the bilingual’s two languages was required for lexical decision, per-
formance was influenced by the presence of neighbors in both languages,
suggesting that access to the lexicon is non-selective and that the lexicon may
be integrated, at least for languages that are similar, like Dutch and English.

Van Heuven et al. (1998) interpreted the presence of cross-language effects
of lexical form as support for a bilingual version of the interactive activation
model (McClelland and Rumelhart, 1981), or BIA (see also Dijkstra and Van
Heuven, 1998; Dijkstra, Van Heuven, and Grainger, 1998). The main claim of
the BIA model is that the bilingual’s lexicon is integrated and that lexical
access is non-selective, with candidates in both languages activated whenever
the input shares features with alternatives in either language. The model (see
figure 5.1) assumes that upon receiving some orthographic input, a set of letter
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Figure 5.1 Bilingual interaction activation (BIA) model
Source: Adapted from Dijkstra, Van Heuven, and Grainger (1998)

and then word units is activated in parallel for words in both languages.
Inhibitory connections then create competition among same and other-
language alternatives. Unlike monolingual models, BIA includes an additional
language node level so that it is possible to bias the activation of one language
relative to the other. BIA has been implemented as a computer model and the
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subsequent simulations closely parallel the empirical results reported by Van
Heuven et al.

Subsequent research has provided converging support for the conclusion
that lexical access is non-selective and driven by the stimulus properties of the
input, not by the intentions of the reader. For example, the time to recognize
interlingual homographs or false friends (e.g., the word room in English, which
also means “cream” in Dutch) is a function of the frequency of the alternative
reading and relative activation of the non-target language (Dijkstra, Van
Jaarsveld, and Ten Brinke, 1998). Bilinguals are slow to accept interlingual
homographs as real words in their L2 when the L1 reading of the word is also
active and must be ignored. Moreover, the activation of the alternative in the
other language does not appear to be under the bilingual’s control. Dijkstra,
De Bruijn, Schriefers, and Ten Brinke (2000) recently showed that these effects
are apparently immune to the effects of instructions. Other recent studies have
shown that not only orthographic but also phonological features of the non-
target language are activated during word recognition (e.g., Brysbaert, Van
Dyck, and Van de Poel, 1999; Dijkstra, Grainger, and Van Heuven, 1999; Jared
and Kroll, 2001).

The results we have reviewed are based primarily on the performance of
highly skilled bilinguals. Remarkably little research has traced the develop-
ment of lexical form activation across L2 acquisition. The few studies which
have included comparisons of second language speakers who differ in their L2
proficiency suggest that the pattern of cross-language influence changes with
level of skill in L2 (e.g., Bijeljac-Babic, Biardeau, and Grainger, 1997; Jared and
Kroll, 2001; Talamas, Kroll, and Dufour, 1999). In general, there is more of an
asymmetry at early stages of L2 acquisition with stronger effects from L1 to L2
than the reverse. However, when the activation of even a weak L2 is in-
creased, it is possible to observe cross-language interactions that suggest that
the processing mechanisms that characterize the fully formed lexicon of the
proficient bilingual are in place.

A recent study by Jared and Kroll (2001) illustrates the change in the effect
of L2 on L1 with increasing L2 proficiency (see box 5.1). Native English speakers
named words aloud in English, their L1. The dependent measures were the
time to begin to articulate the word and the corresponding accuracy. The
words were chosen on the basis of the properties of their neighbors in English
and in French, the L2 of these learners. Some words had enemies in English
(i.e., words with similar orthography but distinct phonology), some had enemies
in French, and others had no enemies. The question was whether native English
speakers naming words in English would be affected by the presence of en-
emies in French. The results showed that when these speakers performed the
naming task in English without prior activation of French, there were effects
only of the English enemies, that is, no cross-language influence. However,
when French was activated by requiring participants to name a block of French
words aloud, there was then an effect of the French enemies on the time to
name English words, but only for the most proficient L2 speakers. When the
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Box 5.1 Illustrating psycholinguistic approaches to second
language acquisition
Jared and Kroll (2001) examined the degree to which native speakers of English
were influenced by their knowledge of French when reading words in English.
According to a selective model of lexical access, reading words in one language
alone, particularly when it is the first and dominant language (L1), should not be
affected by the second language (L2). However, as the evidence we have reviewed
suggests, there is a great deal of support for the alternative non-selective model,
whereby lexical candidates in both languages are active during word recognition.

In this study, native English speakers who had been assessed to have relatively
high or low levels of proficiency in French performed a simple word-naming task. A
letter string was presented on a computer screen and participants simply had to
pronounce the word aloud as quickly and as accurately as possible. The dependent
measure was the speed of word naming.

Participants were pre-screened for their knowledge of French but then recruited
to the experiment in English only. French was not mentioned when participants
were recruited or during the first part of the experiment. They were simply asked to
name a series of English words, presented one at a time, as quickly as possible.
Following the first portion of the experiment, an interpolated French naming task
was introduced. The interpolated task also involved simple naming but now the
words to be pronounced aloud were French words. Following the French naming
task, a final series of English words was presented and participants again were
asked to name them aloud in English. The logic of the design was to assess English
naming performance when participants were in a monolingual English mode, as
best as could be established, and then to compare performance before and after
French was activated explicitly.

To test whether word naming in L1 is influenced by L2, Jared and Kroll (2001)
manipulated the types of English words that participants were asked to name. The
English words varied according to whether they had enemies in English or French.
An enemy is a word that is an orthographic neighbor of the target word but pro-
nounced differently. For example, in English, the word “gave” is an enemy of the
word “have” because although they are orthographic neighbors (they differ by only
a single letter), they have distinct pronunciations.

Jared and Kroll included three types of English words that are listed below. Some
words had no enemies in either language, some had enemies only in French, and
others had enemies only in English:

1 No enemies: stump, poke, drip
2 French enemies: strobe, pier, died
3 English enemies: steak, pear, dough

If the phonology of French is activated when native English speakers are naming
words in English, as the non-selective model supposes, then enemies in French as
well as English would be expected to affect the time to name English words.

Jared and Kroll (2001) found that before the interpolated French naming task,
neither less nor more proficient English–French bilinguals showed any effect of the
presence of French enemies; only words with English enemies were named more
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slowly than the no-enemy controls. However, following the French naming task, the
performance of the more proficient bilinguals was affected by the activation of
French; they were slower to name English words when they had either English or
French enemies relative to controls.

How does a non-selective model account for the absence of the cross-language
effects in the first block of English word naming? These results are most consistent
with a non-selective model in which it is assumed that the degree of cross-language
interaction is a function of the relative activity of the non-target language. When the
non-target language, French in this case, was not sufficiently active, there was little
apparent influence on processing. However, once it became active, by virtue
of explicitly requiring bilinguals to use French by naming words in French, or by
the level of the bilingual’s proficiency in French, or both, then regardless of the
intention to name words in English only, there was an effect of the presence of
competitors in both languages.

block of French words contained the enemies themselves (i.e., the French words
that looked like but did not sound like the English words to be named), there
were then inhibitory effects of French enemies on English naming for even the
less skilled L2 speakers. These results converge closely with the findings for
proficient bilinguals in that whether non-target words function as competitors
during word recognition appears to depend on the degree to which both
languages are active. When both languages are active, the system appears to
be functionally non-selective with respect to language.

2.2 Are semantic representations shared across the
bilingual’s two languages?

The evidence reviewed above suggests that information about the lexical form
of words in both of the bilingual’s languages is active during word recognition.
But what about meaning? It is perhaps surprising given the interest in issues
of linguistic relativity (for recent reviews see Green, 1998; Pavlenko, 1999) that
most models of bilingual representation and processing have assumed that
words in each of the bilingual’s languages access a common semantic code.
For a number of reasons, the view that semantics are shared across languages
has been dominant in the psycholinguistic literature. First, bilinguals are able
to translate most words from one language to the other to a level that is at
least functionally acceptable. Second, experiments using the semantic priming
paradigm have shown that it is possible to observe priming across languages
(e.g., Altarriba, 1990; Chen and Ng, 1989; Keatley, Spinks, and De Gelder,
1994; Meyer and Ruddy, 1974; Schwanenflugel and Rey, 1986; Tzelgov and
Eben-Ezra, 1992). Third, semantically related words in both of the bilingual’s
languages tend to interfere with picture naming in either language (e.g., Costa
et al., 1999; Hermans, 2000; Hermans, Bongaerts, de Bot, and Schreuder, 1998).
If words in the two languages accessed fundamentally different representations,
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Figure 5.2 Distributed feature model
Source: Adapted from Van Hell and De Groot (1998)
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then under the conditions of speeded timing in these tasks, we should not
expect to see cross-language interactions. Fourth, models of lexical develop-
ment suggest that during initial L2 acquisition, L1 semantics may be trans-
ferred to the new L2 word (e.g., Jiang, 2000). A note of caution in interpreting
these findings is in order because much of the research on bilingual processing
has used tasks limited to pictured objects and their names, thereby restricting
the scope of the semantics to concrete nouns.

Recent developments in the realm of computational modeling have enabled
a view of semantic representation that is graded so that concepts are not simply
the same or different but differentiated in the degree to which they share types
of semantic features (see McRae, de Sa, and Seidenberg, 1997, for an illustration
of this approach in the monolingual domain). In the bilingual domain, De
Groot and her colleagues (De Groot, 1992, 1993, 1995; De Groot, Dannenburg,
and Van Hell, 1994; Van Hell, 1998; Van Hell and De Groot, 1998) proposed
the distributed feature model shown in figure 5.2. The model represents con-
cepts as constellations of activated semantic features. Across languages, the
degree to which concepts are shared is hypothesized to be a function of word
type, with more overlap for concrete than abstract nouns and for cognates
than for non-cognate translations. The empirical results that support the model
come from experiments on word translation. The time to translate words from
one language to the other is generally faster for concrete words and cognates
than for abstract words and non-cognates. To the extent that translation re-
quires access to meaning, an issue that we will address in the next section, the
time to perform translation will be fast when there is a high degree of overlap
across languages and slow when there is a low degree of overlap.

A further qualification to the distributed feature model was described in a
series of recent papers showing that ambiguity is also an important factor.
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Schönpflug (1997) and Tokowicz and Kroll (forthcoming) examined the con-
sequence of having more than a single translation equivalent for a given word.
Words with more than a single dominant translation equivalent took longer to
translate than words with only one, suggesting that both semantic alternatives
were available and competing for selection. Tokowicz and Kroll also showed
that at least for the English–Spanish bilinguals in their study, these effects
were restricted to abstract words. Because abstract words are more likely to be
ambiguous than concrete words, the initial demonstration of a concreteness
effect in translation was likely to have been confounded with the number of
available translation equivalents. This finding suggests that factors that influence
the ease of computing a single meaning or the likelihood of having a set of
semantic competitors available will determine bilingual performance, parti-
cularly when spoken production requires the selection of only a single candidate.
Existing research does not allow a precise estimate of the manner in which
each of these factors influences semantic processing within and across languages.

Like the work described above on lexical form activation in word recognition,
the research on semantic access has focused largely on the performance of
proficient bilinguals. A few studies have investigated changes in the ability to
access semantics for L2 words with increasing L2 skill. Talamas et al. (1999)
examined the ability of learners and proficient bilinguals to judge that two
words were translation equivalents. In one condition of the experiment, the
words were not translations of one another, but closely related semantically.
For example, the English word man might be followed by the Spanish word
mujer and the participant would be required to respond that they are not
translation equivalents. Talamas et al. found that it took longer to reject these
semantically related pairs than matched controls, but only for the profici-
ent bilinguals; the learners did not appear to process the semantics directly.
However, a pair-by-pair analysis based on the degree of semantic similarity
between word pairs showed that the learners were sensitive to the semantics
when pairs were very highly related. The results suggest that access to seman-
tics for learners is a matter of degree.

The same general conclusion was reached in a study by Dufour and Kroll
(1995) in which two groups of native English speakers, less and more pro-
ficient in French, performed a categorization task within and across the two
languages. Participants saw a category prompt (e.g., fruit) and then an exem-
plar which was or was not a member of that category (e.g., pear or table). Their
task was simply to decide whether the exemplar was a member of the cat-
egory. Not surprisingly, Dufour and Kroll found that the less proficient French
speakers were slower to respond in French than in English. However, they
also found that the less proficient group was faster to respond in French when
the category prompt was also in French than when it was in English. They
hypothesized that the effect of the category prompt in English, the parti-
cipants’ L1, was to activate semantics too broadly for L2. Because the less
proficient individuals were unlikely to know the names of all of the category
members in French, the initial activation of the category in English may have



Cognitive Processes in L2 Learners and Bilinguals 113

increased the number of competitors from which the exemplar was selected.
Dufour and Kroll proposed that learners do have access to semantics for L2
words, but only in a limited manner. In the next section we will return to the
issue of how early in acquisition semantics are available directly for L2 words.

2.3 On what basis are lexical and semantic
representations connected for words and
concepts in each language?

Regardless of the commitment one makes to the architecture of lexical and
semantic representations, a complete model of the lexicon must specify the
manner in which lexical forms are mapped to their respective meanings.
Potter et al. (1984) contrasted two alternatives for how these mappings might
operate. According to the word association model, associations are formed
between new L2 words and their corresponding translation equivalents in L1.
L2 is therefore always mediated through L1. However, according to the con-
cept mediation model, concepts can be accessed directly by and for L2 words,
without L1 activation. To test the two models, Potter et al. contrasted the
performance of a group of highly proficient Chinese–English bilinguals on
picture naming and translation. If L2 is mediated via L1 as the word associ-
ation model predicts, then word-to-word translation should bypass semantics
and thereby be faster than picture naming, a task which cannot bypass con-
ceptual access. However, if concepts can be accessed directly for L2 words
as the concept mediation model predicts, then both translation and picture
naming should require approximately the same amount of processing time to
be performed. Potter et al. found no evidence that translation was faster than
picture naming and therefore concluded in favor of the concept mediation
alternative. Surprisingly, they found precisely the same pattern of results for a
group of less proficient L2 speakers, suggesting that direct conceptual process-
ing of L2 was in place very early in acquisition (for additional evidence for
direct conceptual access for L2, even for learners at early phases of acquisition,
see Altarriba and Mathis, 1997; Frenck-Mestre and Prince, 1997).

The conclusions of the Potter et al. (1984) study were subsequently chal-
lenged by a series of experiments (Chen and Leung, 1989; Kroll and Curley,
1988) which showed that individuals at very early stages of L2 acquisition
were indeed faster to translate than to name pictures, consistently with the
predictions of the word association model. The results for the more proficient
bilinguals in each of these studies replicated the pattern reported by Potter et
al., suggesting that early in acquisition there is reliance on word-to-word map-
pings across the two languages, but with increasing proficiency there is an
increasing ability to conceptually mediate L2. The evidence for concept medi-
ation for less proficient learners in the Potter et al. study can be understood as
a reflection of the nature of the participants tested. Potter et al.’s less proficient
bilinguals were native English-speaking high school students about to leave
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Figure 5.3 Revised hierarchical model
Source: Adapted from Kroll and Stewart (1994)

for a summer in France. It seems likely that they were highly motivated to
learn French and therefore past a very early stage of L2 acquisition that char-
acterizes more typical classroom learners. The less proficient participants in
the subsequent studies were at an earlier stage of acquisition and therefore
more likely to reveal the word association pattern.

How does the shift from word association to concept mediation occur? Kroll
and Stewart (1994) proposed the revised hierarchical model (RHM) shown in
figure 5.3 to account for the development of conceptual processing with in-
creasing L2 skill. The model includes the direct lexical connections of the word
association model in addition to the word-to-concept connections of the con-
cept mediation model. However, unlike the earlier models, the RHM proposes
differential weighting of the strength of the word-to-word and word-to-
concept connections for L1 and L2. The model assumes that early in L2
acquisition, L2 words are associated with their L1 translations for the purpose
of accessing the meaning that is already represented for those concepts. Thus
strong lexical links map L2 to L1. At the lexical level, only weak activation of
associative links from L1 to L2 is assumed. Initially, only word-to-word asso-
ciations will link L2 to L1. With increasing L2 proficiency, direct conceptual
connections from L2 words to semantics will begin to develop. However, for
all but the most balanced bilinguals, the word-to-concept connections will be
stronger for L1 than for L2. (For recent reviews of research based on the RHM,
see also Kroll and De Groot, 1997; Kroll, Michael, and Sankaranarayanan,
1998; Kroll and Tokowicz, 2001.)

Kroll and Stewart (1994) tested two predictions of the RHM. First, if lexical
associations link words in L2 to their translation equivalents in L1, then trans-
lation from L2 to L1 should be faster than translation from L1 to L2, because it
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reflects a more direct processing route. Second, if L1 words are more likely
to activate semantics than L2 words, then translation from L1 to L2 should
also be more likely to be influenced by the manipulation of semantic variables
than translation from L2 to L1. Each of these predictions was examined in
an experiment in which highly proficient, but L1 dominant, Dutch–English
bilinguals translated words in both directions. The words were presented in
lists that were organized by semantic category (e.g., all fruits or all vehicles)
or randomly mixed. The results supported both predictions. Translation was
faster from L2 to L1 than from L1 to L2, a phenomenon termed the translation
asymmetry. Furthermore, only translation from L1 to L2 was affected by the
context of a semantically organized list; there was no effect from L2 to L1.

More recent research has provided mixed support for the claims of the
RHM. Sholl, Sankaranarayanan, and Kroll (1995) demonstrated that transfer
from a picture-naming task to translation was differential for the two direc-
tions of translation, with priming from the conceptual picture-naming task
only to translation from L1 to L2, the direction hypothesized to be conceptu-
ally mediated. This result provides strong support for the asymmetry assumed
within the RHM. In contrast, in a study examining the effects of semantically
related picture context on translation, La Heij, Kerling, and Van der Velden
(1996) found semantic effects in both directions of translation, contrary to the
claims of the RHM. Because La Heij et al.’s participants were Dutch–English
bilinguals very similar to those used in the Kroll and Stewart (1994) study, it is
unlikely that the nature of the participants’ bilingualism or the nature of the
two languages can account for the observed differences. (For further discus-
sion of this issue, see Kroll and De Groot, 1997; Kroll and Tokowicz, 2001.)

Unlike the BIA or distributed feature models described in the previous
sections, the RHM is explicitly a developmental model. It assumes that the
connections between words and concepts in bilingual memory change with
increasing proficiency in the L2. At early stages of acquisition, the cross-
language lexical connections will be critical, whereas with greater L2 proficiency
there will be increasingly direct semantic processing of L2. A clear prediction
of the RHM is that translation from L2 to L1, the direction of translation
hypothesized to operate by direct access to translation equivalents, should be
in place early in acquisition, whereas L1 to L2 translation, the direction of
translation hypothesized to require conceptual access, will be more difficult
for learners to perform. If L2 is linked to L1 initially for the purpose of access-
ing meaning, then those connections should be the first available to the learner.
A recent study by Kroll, Michael, Tokowicz, and Dufour (forthcoming) exam-
ined the developmental predictions of the RHM by having learners at differ-
ent levels of L2 proficiency translate in each direction and name words in each
language. The results supported the prediction that translation from L1 to L2,
the route hypothesized to be conceptually mediated, changes more over the
course of acquisition than translation from L2 to L1. Although learners’ L2
vocabularies increase over time, they are capable of translating from L2 to L1
as quickly and almost as accurately as more proficient speakers. In contrast,
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translation from L1 to L2 is very slow and error prone for learners. The com-
parison with simple word naming (i.e., naming aloud) further demonstrates
that the problem in L1 to L2 translation is not simply one of producing the L2
phonology. Learners are indeed slower to name words in L2 than in L1, but
that difference is generally small relative to the magnitude of the translation
asymmetry. Because learners at this stage appear able to access concepts for
some L2 words (e.g., Dufour and Kroll, 1995; Talamas et al., 1999), the diffi-
culty in performing L1 to L2 translation suggests that it is not access to con-
cepts that is the central problem, but rather difficulty in lexicalizing concepts
into L2 words. We take up this issue in the next section.

2.4 How are words spoken in the second language
when a more dominant alternative almost
always exists in the first language?

How do speakers of more than one language manage to speak their ideas in
the intended language? Although even highly skilled bilinguals occasionally
make speech errors (e.g., Poulisse, 1997, 1999) and have more tip-of-the-tongue
experiences than monolinguals (e.g., Gollan and Silverberg, forthcoming), their
speech is not typically marked by random language mixtures. Rather, bilinguals
appear able to modulate their spoken production so that they speak in one
language alone or code switch with another bilingual. How is this finely tuned
control achieved? One possibility was proposed by Grosjean (1997, 2001), who
suggested that bilinguals adjust the relative activation of their two languages
along a continuum from a monolingual mode, in which one language is spoken
primarily, to a bilingual mode, in which there is a high level of activation of
both languages. However, it is not entirely clear what factors determine the
control of language mode itself: hearing someone speak a language that is
known, or processing contextual information in one language only, or anti-
cipating that listeners also speak both of the speaker’s languages?

The issue of how the intended language is selected prior to speaking is
particularly problematic because a set of recent picture-naming studies sug-
gests that lexical alternatives in both of the bilingual’s languages may be active
for some period of time prior to the selection of the word to be produced. The
intention to speak in one language does not appear to be sufficient to achieve
selective access to information in that language alone. A model of language
production based on work by Poulisse and Bongaerts (1994) and Hermans
(2000) is shown in figure 5.4. The model adapts monolingual production
models (e.g., Levelt, 1989; Levelt, Roelofs, and Meyer, 1999) for the bilingual case
(see also De Bot and Schreuder, 1993, for another example of a bilingual model
of production). The figure illustrates the case in which a bilingual who speaks
both English and Spanish is attempting to name the pictured object as chair in
English. Three levels of representation are depicted. First, at the conceptual
level, semantic features are activated corresponding to the meaning of the
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Figure 5.4 Models of bilingual language production
Source: Adapted from Poulisse and Bongaerts (1994); Hermans (2000)

pictured object. At the same level, there is also information about the intended
language of the utterance, in this case English. At the next level, lemmas, or
abstract lexical representations, are specified for each of the lexical alternatives
in the two languages. At the lemma level, both language alternatives, chair in
English and silla in Spanish, will be active to some degree as will lemmas that
are semantically related to the meaning of the object, such as table in English
and mesa in Spanish. Finally, at the phonological level, the form of the spoken
utterance is specified. In the model depicted in figure 5.4, lexical access is
assumed to be language non-selective through the level of the lemma. Notice
that although both chair and silla are assumed to be available as abstract lexical
representations, only the phonology of chair is actually specified.

Without going into much more detail about the workings of the model, one
can appreciate immediately that the further into the production process altern-
atives in the non-target language are active, the more potential competition there
will be across languages. What is the evidence for cross-language competition?
To investigate this issue, research on language production has used the picture–
word interference paradigm. A picture is presented briefly and preceded or
followed by a word, presented visually or auditorily, after a variable time
interval. The task is to name the picture and ignore the word. By manipulating
the relation of the word distractor to the picture’s name, it is possible to infer
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the nature of the processes that are active at a given point in planning the spoken
utterance. In monolingual versions of the task, words that are semantically
related to the picture’s name generally produce interference and words that are
related to the phonological form of the picture’s name produce facilitation (e.g.,
Lupker, 1979, 1982; Rosinski, 1977; Starreveld and La Heij, 1995). Moreover,
semantic effects tend to be greater early in the planning of an utterance and
phonological effects tend to be observed late, although there is some debate
about the precise timing of these processes (e.g., Levelt et al., 1991; Schriefers,
Meyer, and Levelt, 1990; Starreveld, 2000; Starreveld and La Heij, 1995).

A recent set of monolingual production studies holds particularly important
implications for bilinguals. Peterson and Savoy (1998) and Jescheniak and
Schriefers (1998) showed that when an object has more than one name (i.e., it
could be named by either of two close synonyms, such as sofa or couch), the
unintended alternative appears to be active in the process of speech planning
to the point of having specified its phonology. For a monolingual, there may
be consequences of having a competitor active on only rare occasions, since
few words have synonyms that are close enough to cause a delay in produc-
tion. However, for a proficient bilingual, for whom most words have a trans-
lation equivalent in the other language, having a word in the other language
ready to speak will have serious implications for the speed and accuracy of
production unless one language alone can be selected.

The evidence on bilingual speakers suggests that the other-language altern-
ative is available well into the process of planning to speak a word in one
language alone. A series of cross-language picture–word interference studies
(Costa et al., 1999; Hermans, 2000; Hermans et al., 1998) showed that produc-
tion in one language is influenced by the presence of a distractor word in the
other language. Semantically related distractor words produce interference in
naming a picture even when the picture is named in one language and the
distractor word appears in the other language. Like the example illustrated in
figure 5.4, this result suggests that at the lemma level, alternatives in both
languages compete for selection. In picture–word interference, when the word
distractor is itself the name of the picture, there is facilitation of naming latencies
relative to unrelated controls. Both Costa et al. (1999) and Hermans (2000)
showed that there was also facilitation, although smaller in magnitude, when
the distractor was the translation of the word to be produced. Furthermore,
when the picture has a cognate name that is phonologically similar in the
bilingual’s two languages, there is facilitation of picture-naming latencies rela-
tive to non-cognate controls (Costa, Caramazza, and Sebastian-Galles, 2000;
Kroll, Dijkstra, Janssen, and Schriefers, 2000). Because cognates are unlikely to
share the same lemma (e.g., even similar sounding translation equivalents
may differ on dimensions such as grammatical gender), the effect is likely to
reflect the activation of shared phonology. Although there is some debate
about the interpretation of these results with respect to the level at which the
language is selected (see Costa et al., 1999, for a language-selective model
based on these findings), the findings can be viewed as support for a model in
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which lexical alternatives in both languages are active, at least through the
level of the lemma and possibly all the way to the phonology. The few studies
of production in L2 learners also suggest that much of the difficulty that learn-
ers have in producing words in L2 is attributable to competition from more
active L1 alternatives (Kroll et al., forthcoming).

Research on language production is at an early stage, so caution is war-
ranted in drawing strong conclusions on the basis of the available evidence.
Finding that lexical access appears to be language non-selective access in
production is quite surprising given the top-down nature of processing in
production tasks (see Kroll and Dijkstra, forthcoming, for a comparison of
comprehension and production). It is also surprising given observations of
fluent bilingual speech in context, where there is little suggestion of interfer-
ence from the non-target language unless the speaker is intentionally code
switching. Because most of the experimental evidence on language production
has used picture-naming tasks, it is also likely that task-specific factors con-
tribute to the observed results. It may be possible to select the language of
production early in speech planning under some circumstances, for example
when strong cues are present, but not in others (see Miller and Kroll, forth-
coming, for an argument about selection in translation). However, what is
very clear from the available evidence is that the intention to speak words in
one language is not sufficient, in and of itself, to prevent the activation of
words in the other language. In the next section we consider other ways in
which control might be achieved.

2.5 How is the activation of lexical form and
meaning controlled so that bilinguals recognize
and speak words in the intended language?

The evidence we have reviewed provides a much more open picture of the
bilingual lexicon than the early literature on this topic implied. Research on
comprehension suggests that orthographic and phonological information about
words in both languages is activated even when a bilingual is reading in one
language alone. Likewise, research on production suggests that the trans-
lation equivalent and related words are active prior to speaking even when
the bilingual intends to speak only in one of his or her two languages.

How is the activation and potential competition between candidates in the
two languages modulated to achieve accurate comprehension and production?
In past research, two general solutions have been proposed to explain how cross-
language competition is resolved. One places the locus of selection and control
within the functioning of the lexicon itself such that the factors that modulate
the relative activation of words in each language determine the word that is
selected (e.g., Dijkstra et al., 1998). The alternative is to assume that mechan-
isms external to the lexicon constrain the manner in which the output of lexical
activity is utilized (e.g., Green, 1998; Thomas and Allport, 2000).
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Figure 5.5 Inhibitory control model
Source: Adapted from Green (1998)

Green (1998) proposed the inhibitory control (IC) model to describe one
way in which external regulation of the two languages might be achieved. The
model, shown in figure 5.5, includes a set of mechanisms outside the lexical
system itself that are hypothesized to work together with the output from the
system to accomplish proficient performance. A full consideration of the work-
ings of the model is beyond the scope of the present chapter (see Green, 1998,
and associated commentaries for a more detailed discussion). In brief, the idea
is that performance is determined by an interaction between a set of attentional
mechanisms that serve to effect the goals associated with particular tasks and
the activity within the bilingual lexicon that we have characterized in the
preceding sections of this chapter. A focus within the IC model is to account
for the ability of bilinguals to perform the intended task in the intended
language. For example, when presented with a word to translate, how does
a bilingual prevent himself or herself from naming the word aloud instead
of translating it? According to the IC model, prior to the production of
a spoken utterance, a conceptual representation is generated. This in turn
activates the lexico-semantic system and also the supervisory attentional
system or SAS. The SAS is hypothesized to control the activation of language
task schemas.

To illustrate, the IC model offers an alternative interpretation of the trans-
lation asymmetry whereby translation is slower from L1 to L2 than from L2 to
L1 (Kroll and Stewart, 1994). To translate from L1 to L2 it will be necessary to
inhibit L1 lemmas in order to produce words in L2. Because L1 lemmas are
assumed to be more active than L2 lemmas, they will require greater attentional
resources to be suppressed so that L2 production can proceed. L1 to L2 trans-
lation will therefore be slower than L2 to L1 translation, not because the two
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routes to translation necessarily require different component processes, as the
RHM proposed, but rather because the two translation tasks impose differen-
tial inhibitory demands.

An important source of evidence regarding inhibitory control comes from
experiments on deliberate language switching. In a recent study, Meuter and
Allport (1999) examined switching performance on a number-naming task in
which the individual was instructed to name the number in one of their two
languages depending on the color of the background on which the number
appeared. They observed switch costs, with longer response times following
language switches, but the switch costs were greater when bilinguals switched
into their L1 than into their L2. The result may seem counter-intuitive, because
we might think that L1 would always be more available. However, it can be
understood in the context of models of inhibitory control, such as Green’s
(1998), in which it is assumed that more attentional resources are required
to suppress the more active language. Switch costs are taken to be the con-
sequence of having inhibited L1.

If inhibitory control is a central characteristic of bilingual language process-
ing, then we need to expand our view of acquisition to include the develop-
ment of control mechanisms in addition to the development of the lexicon and
grammar. That is, L2 learners may need to acquire a new set of processing
skills that fall outside the language itself to be able to effectively use both
languages. In previous work we have argued that this may be a particularly
difficult task for L2 learners who are restricted to classroom exposure because
it will be difficult to acquire cues that are unique to the new L2 (Kroll et al.,
1998; Kroll and Tokowicz, 2001). In immersion contexts, the availability of
linguistic and non-linguistic information that specifically marks the use of L2
may facilitate this process.

Kroll et al. (1998) described a study that attempted to examine the manner
in which cues might be used to inhibit L1 during L2 acquisition. A group of
native English-speaking students who had no knowledge of Dutch or German
were taught 40 Dutch words. In one study condition, the Dutch words were
presented together with their English translations. In another study condition,
they were presented with pictures of the objects that they named. For half of
the pictures, the objects were shown in their normal orientation. For the re-
maining pictures, the objects were presented in a non-canonical orientation
(e.g., upside down or to one side). Kroll et al. hypothesized that the non-
canonical presentation of the objects might facilitate acquisition of the new
Dutch name because it would slow down the process of retrieving the L1
name. At test, participants either named pictures in Dutch or translated Eng-
lish words into Dutch. The results showed a clear processing advantage for
the Dutch words that had been learned by association with the non-canonical
pictures. More surprising was the fact that this advantage held even when
participants were tested on a translation task, in the absence of the picture
itself. We would not suggest that having students in classroom settings slant
their heads to one side might facilitate L2 vocabulary acquisition. More modestly,
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the results suggest that identifying factors that reduce the activity of L1 or
uniquely cue L2 may facilitate learning.

3 Implications of Psycholinguistic Research for
Second Language Pedagogy

As we have discussed in this chapter, recent research on language and cognitive
processes in proficient bilinguals suggests that lexical and semantic information
in L1 is activated during both comprehension and production in L2. If this is
the case for skilled bilinguals, then we might logically assume that less skilled
second language learners would be similarly affected, if not to a greater degree,
by unintended L1 activation and might have a more difficult time controlling the
cross-linguistic competition. As mentioned previously, there is little psycholing-
uistic research investigating cross-linguistic competition in second language
learners. However, second language teaching methods have long been aware
of cross-language competition and have been striving to minimize it.

In examining second language pedagogy, we find methods for teaching a
second language that are predicated on notions of inhibiting L1 activation. For
example, in today’s communicative second language classroom, the use of the
first language is typically avoided. Learners in a Spanish classroom are often
told to think of that classroom as a “little Spain or Mexico.” Spanish teachers,
in an attempt to simulate this cultural oasis, go to great lengths to maintain
Spanish in the class at all times. In teaching vocabulary, they use various
techniques that avoid the L1, such as pictures, context, miming, and circum-
locution, in an attempt to promote “form–meaning” connections for the learners
in the L2. This process of making form–meaning connections is what Terrell
(1986) terms “binding” (p. 214). He explains that binding is “the cognitive and
affective mental process that occurs when an instructor insists that a new
word ultimately be associated directly with its meaning and not with a trans-
lation” (p. 214). The use of the L1 is almost seen as detrimental to the learning
process. Maintaining L2 at all times and keeping learners in the L2 mode is a
critical component of the communicative second language classroom.

Historically, if we look at other second language teaching methods, we see
similar assumptions regarding L1 emerge. For example, the Direct method
(commonly known as the Berlitz method) assumed that learners would acquire
language much like children, through direct association of words and phrases
with objects and actions and an enormous amount of input. The native lan-
guage was not used and translation was strictly forbidden. Definitions of new
vocabulary were given via paraphrases in the target language. In the same
vein, the overarching goal of the Audiolingual method of the 1950s was to
develop in learners the same abilities that native speakers have, handling the
language at an unconscious level. L1 was to be banned from the classroom
and a “cultural island” was to be maintained. Essentially, one was to teach L2
without reference to L1.
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In the 1960s Total Physical Response (TPR) was proposed (Asher, 1977). The
underlying philosophy of TPR is that language comprehension should de-
velop before any oral participation, as it does with children. It is based on the
belief that skills can be acquired more rapidly if you involve the kinesthetic-
sensory system. In fact, TPR is linked to the trace theory of memory (e.g.,
Katona, 1940), which claims that activities such as motor activity or verbal
rehearsal will strengthen the memory connection and will then facilitate recall.
Accordingly, this method uses oral commands of which students show their
understanding by performing an action. The target language is the exclusive
language of instruction. Asher describes TPR: “Understanding should be
developed through movement of the student’s body” (p. 4). “When you cast
material in the imperative there is no translation” (p. 20). It was therefore
assumed that by using the kinesthetic-sensory system, one could bypass the
L1 linguistic system, thus facilitating acquisition.

In the 1970s the Natural approach (Terrell, 1986) emerged. This methodo-
logy was based on Krashen’s (1982) theory of second language acquisition that
made the strong claim that comprehensible input causes acquisition. The use
of the L2 was then seen as the only tool for providing comprehensible input to
the learners; L1 had no place in the Natural approach. Another method that
avoided the L1 was The Silent Way (Gattegno, 1976), a method which used
colored wooden sticks called Cuisenaire rods, language charts, and the L2
exclusively. This method seemed to be predicated on the notion of language
control. In fact, Gattegno states “Throughout our oral work with rods and the
visual diction on the charts, we have carefully avoided the use of the students’
native language. We have even succeeded in blocking the native language so
that the students relate to the new language directly” (p. 99). Clearly, control-
ling any cross-linguistic interference was a critical aspect of this approach.

The assumption that it is beneficial for foreign language learners to think as
much as possible through the language they are learning is not new and not
specific to any one teaching method. As early as 1966, Mario Pei, in his book
How to Learn Languages and What Languages to Learn, gave students specific
learning hints. He states, “Link the content of the foreign phrase to its mental
concept rather than to its English translation. If possible, link it to a pictorial
object or action. The trick is to link the thought concept not with your own
language, but with the language you are learning” (p. 101). This assumption is
still prevalent among teachers today.

These teaching methods, in the past and today, whether intended to or
not, are based on ideas about language activation and control (i.e., use of
only L2 in the classroom and avoidance of L1). While the evidence from the
psycholinguistic literature overwhelmingly suggests that words are active simul-
taneously in the proficient bilingual, we know that it is not the case that skilled
bilinguals often produce words in the “wrong” language. Therefore, as noted
above, a regulatory mechanism must control cross-language competition in
skilled bilinguals. However, we do know that beginning bilinguals in the second
language classroom often produce words in the wrong language. The critical
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question then becomes how learners begin to modulate the cross-linguistic
activation that is present in the system in a manner similar to proficient
bilinguals, and why some learners are more successful at it than others.

There are many questions in second language pedagogy that could be
answered by psycholinguistic research. For example, do certain learners
struggle in communicative classrooms that use only the L2 because they fail
to inhibit the L1 as easily as others? Is it the case that inhibition of cross-
linguistic interference is a critical component of second language acquisition?
Moreover, is the communicative second language classroom that essentially
imposes a specific L2 language mode helping or hindering the development
of cross-linguistic control? Are there processing costs when less proficient
individuals are forced to assume a monolingual mode in L2? And, if so, are
those initial processing costs beneficial for the development of an inhibitory
control mechanism? Finally, is it simply the case that some learners, due to
certain cognitive differences, are better able to generate internal strategies for
suppressing L1 and processing L2?

The answers to these questions hold important implications for teach-
ing methods and psycholinguistic models alike. Research on skilled bilingual
lexical processing will help to inform our understanding of second language
acquisition. If we begin to understand what it is that allows one to become a
proficient bilingual, we can then re-evaluate our teaching methodologies and
attempt to modify them to facilitate the developmental process. Similarly,
many psycholinguistic models, such as the BIA model, address skilled bilin-
gual processing but make no explicit claims about the nature of lexical com-
petition during acquisition. Currently absent from the psycholinguistic literature
is a comprehensive picture of how lexical activity changes and is controlled
from early stages of learning through high levels of skilled performance. Sec-
ond language learners can provide this much needed information. In future
research we anticipate that the cognitive processes underlying the develop-
ment of second language acquisition and the proficient use of two languages
by bilinguals will be the focus of unified models that relate developmental
processes to the skilled state.
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