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ABSTRACT 

The current theoretical formulation of bilingual memory (The Process View of 

Memory) assumes that all bilinguals are the same and thus attributes cross-language 

memory transfer effects to the processing components of memory tasks alone. However, 

the present study found that only early, but not late, bilinguals exhibited significant cross-

language transfer effects in the implicit memory word fragment completion task under 

separate encoding conditions that involved perceptual, conceptual, and integrative 

processing (i.e., reading, imaging, and sentence processing). Results are taken to suggest 

that early and late bilinguals adopt different information processing strategies at encoding 

and retrieval, and question the notion of task processing demands as the only or main 

determinant of bilingual memory transfer. The present findings help explain the pattern 

of inconsistent bilingual transfer effects that have emerged in research studies conducted 

under the Process View of Memory and support the move toward the adoption of a 

bilingual memory paradigm in which cross-language transfer is explained in terms of 

both subject and task dimensions. 



8 

INTRODUCTION 

Interest in the cognitive and neuropsychological functioning of the bilingual person 

can be dated to more than a century ago (see Lambert, 1981; Lebrun & Paradis, 1984; 

Reynolds, 1991). Memory functioning is one aspect of bilingual cognition that has received 

particular attention over the past four decades. Variously referred to as bilingual linguistic 

memory (e.g., McCormack, 1974), bilingual mental representation (e.j., Paivio, 1991), or 

simply bilingual memory (e.g.. Hummel, 1993), this field of research has had the 

phenomenon of Cross-Language Transfer (CLT) in memory tasks as its main theoretical and 

empirical focus of attention. In its most basic form, the CLT phenomenon refers to the 

relationship between the encoding of information in one language (e.g., a word) and the 

access to that information in the other language at retrieval (that word's translation). 

The field of bilingual memory was initially dominated by a subject-centered 

theoretical and research tradition in that it was driven by hypotheses that focused on the 

cognitive characteristics of the bilingual subject. However, one can distinguish at least two 

different research facets within this tradition. In the first facet, theoretical and empirical 

efforts focused on questions about the organization or structure of bilingual memory and 

explicitly assumed that at least two types of memory structure existed in the general 

population of bilinguals: a single/unified system/structure and a dual/separate 

system/structure. This first facet thus implied that not all bilinguals are the same. That is, it 

assumed that some bilinguals had a single/unified system while others had a dual/separate 

system. Later on, during its second facet, the subject-centered tradition expanded to include 

theoretical variants that linked ideas about memory structure to questions about the nature of 
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the underlying memory representations. However, this time the field implicidy adopted the 

assumption that only one type of memory organization or structure existed in the general 

population of bilinguals: either a single/unified structure or a dual/separate system structure, 

but not both. It thus implied that all bilinguals were the same. 

More recendy, the field of bilingual memory moved away firom the general subject-

centered tradition toward a task-centered paradigm. This new paradigm emphasizes the 

processing requirements of encoding and memory tasks and does not focus on the cognitive 

characteristics of the bilingual subject Thus, it implicitly assumes that all bilinguals are the 

same. 

Despite differences in theoretical assumptions and methodological strategies 

between the subject-centered and the task-centered traditions, the two have been interested 

in the same phenomenon, namely, CLT. However, because of those differences, each 

approach has invoked different causal factors of CLT. While the task-centered tradition 

attributes CLT to the type of processing involved in memory tasks (i.e., perceptual vs. 

conceptual processing), the subject-centered approach attributes CLT to the type of memory 

organization the bilingual subject possesses (i.e., single/unified vs. dual/separate system). 

Although empirical support for the task-centered approach has grown significantiy 

over the past ten years, inconsistent findings have emerged in a small number of studies. On 

the other hand, while the current prevalent climate is for the adoption of a task-centered 

approach as the primary paradigm in bilingual memory research and the abandonment of 

subject-based explanations, some researchers continue to argue that subject-centered 

formulations of bilingual memory should not be dismissed. 
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To this date, however, inconsistent findings under the task-centered approach have 

not been satisfactorily explained nor has the relative predictive power of each approach been 

directly assessed; the two approaches have never been put in direct competition within a 

single study employing the same bilingual subject sample. The present woiic addresses these 

issues through the analysis of CLT effects in bilingual memory tasks under both subject-

centered and task-centered paradigms. 
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I. THEORY AND RESEARCH TRADITIONS 

I A.. Subject-Centered Tradition 

I.A .̂ The Compound-Coordinate Hypotiiesis 

Research reviews (e.g., Katley, 1992; Paivio, 1991) converge on the observation that 

the first detailed description of bilingual memory organization was that based on the 

distinction between Compound (COM) and Coordinate (COO) bilingualism. Initially 

submitted by Weinneich (1953) and later expanded by Ervin & Osgood (1954), the 

Compound-Coordinate Hypothesis (CCH) identified two types of bilingual individuals, 

COMs and COOs. The COM-COO distinction assumed two different types of individual 

cognitive-linguistic organizations each determined by differences in the sociocultural and 

linguistic contexts in which languages were developed. 

The earliest hypothesis submitted by Weinreich (1953) and Ervin & Osgood (1954) 

argued that bilinguals could be divided into COM and COO types on the basis of the degree 

to which translation equivalents in the two languages had the same or different meanings, 

same for COMs, different for COOs. These differences depended on whether the two 

languages were acquired in similar or different contexts, respectively (see Paivio, 1991). 

Subsequent work within the CCH suggested that the representational systems of bilingual 

individuals could be functionally interdependent (unified), as in the case of the COM, or 

independent (separate), as in the case of the COO, depending on differences or similarities 

in the contexts of LI and L2 acquisition (e.g., Lambert et al., 1958; Lambert & Fillenbaum, 

1959). Soon the terms COM and COO became associated with the notions of 

unified/interdependent and separate^ndependent system structures, respectively. Here, the 
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assumptions were that COMs had a single, unified or interdependent conceptual system for 

the two languages where each concept was assigned two labels or lexical forms, one for 

each language. In contrast, the COO bilingual was thought to develop two labels or lexical 

forms, one for each language, each one with its own conceptual system; the two languages 

were assumed to be stored separately or independently from each other at the lexical and 

semantic levels (see Lambert et al., 1958; and reviews by Gekoski, 1981; Paivio, 1991; 

Lambert, 1981). 

Later on, influenced by the notion of maturational constraints for language 

development (e.g., Lenneberg, 1967), empirical findings within the CCH (e.g., Lambert, 

1969; Lambert & Rawlings, 1969) led to the recognition of the age at which bilingualism is 

developed (i.e., age of onset of bilingualism, age of acquisition of a second language) as an 

important variable for the distinction between COM and COO, and thus as an important 

determinant of their correspondingly different types of cognitive organization and 

representation. The distinction was made between languages developed in infancy and those 

developed during childhood or adolescence. From then on, the terms Early Bilingualism 

(EB) and Late Bilingualism (LB) were incorporated into the CCH and used interchangeably 

with the terms COM and COO, respectively. Assumptions about CLT remained the same 

too. That is, LB/COOs were thought to have relatively more compartmentalized or 

functionally independent semantic systems for each of their languages, and EB/COMs to 

have a more pervasive, superordinate meaning system that subserved both languages 

(Lambert, 1981). Accordingly, more CLT, language interference and language mixing was 

expected in EB/COMs than in LB/COOs. In contrast, because LB/COOs were thought to 
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have separate and difTerent systems, less or no CLT at all was expected (i.e., information 

processing in one language did not affect processing in the other language -see Lambert, 

1969; Lambert & RawUngs, 1969; Paivio, 1991; Lambert, 1981; Paradis, 1980; Mack, 

1984). Subsequent research revealed additional characteristics of EBs and LBs relevant to 

the CLT (to be described shortly). 

The research paradigm within the general field of bilingual memory diversified over 

the years and evolved into what has come to be known as the Independence-

Interdependence E)ebate (IID). Because the IID has already been reviewed and discussed 

extensively by others (e.g., McCormack, 1977; Paivio, 1986; Hummel, 1986; Durgunoglu & 

Roediger, 1987; Ransdeil & Rschler, 1987; Paivio, 1991; Hummel, 1993; Bialystok & 

Hakuta, 1994), the present work will not offer a detailed analysis of the many individual 

conceptual and research proposals generated under the IID. However, some of the general 

features of the work under the QD in relation to CCH are relevant to the present work. 

I.A.b. The Independence-Interdependence Hypothesis 

In 1963, Kolers recast the idea of fiincdonally independent vs. interdependent 

structures or systems in tenns of separate (dual) vs. shared (single) memory stores, 

respectively, and was the first to link those notions of memory structure to proposals 

concerning the nature of the underlying representations (for reviews, see Paivio. 1991; 

Katley, 1992). Like the CCH, this line of work continued to focus on the bilingual subject's 

cognitive characteristics. However, unlike the CCH, it saw the notions of independence-
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interdependence as two competing hypotheses. That is, it carried the implicit assumption 

that only one type of bilingual organization, independent or interdependent, not both, existed 

in the general population of bilinguals (i.e., all bilinguals are the same; they all have either a 

dual/separate or a single/shared system). Also, unlike the CCH, work under the IID did not 

specify the determinants of either the dual/separate or the single/shared type of bilingual 

memory organization. Because no causal agent was explicitly invoked, the IID also carried 

the implicit assumption that the mere fact of becoming bilingual determined the subject's 

underlying system organization. 

In general, according to the interdependent view (also known as the single, unified, 

or shared memory store hypothesis), lexical items in the two languages are organized in one 

common memory system (storage and retrieval) where one underlying representation exists 

for each word and its translation equivalent Accordingly, all the theoretical and research 

proposals under this view predicted that words encoded in one language could be accessed 

easily for memory task performance in the other language. That is, they all predicted the 

occurrence of CLT (e.g.. Young & Saegert, 1966; Saegert et al., 1973; Lopez & Young, 

1974; MacLeaod, 1976; Potter, 1979; Paradis, 1980 and 1981; Cook, 1992; Williams, 

1994). 

The alternative competing hypothesis, the independent view (also known as the 

separate, dual memory stores model), argued that a more accurate characterization of 

bilingual lexical memory is in terms of two separate, distinct, and functionally independent 

memory systems (storage and retrieval), one for each language, that are made to interact 

only through translation processes. That is, there are two separate underlying 
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representations, one for a word in one language, the other for that word's translation. 

Accordingly, the theoretical and research models developed under this view predicted that 

the processing of information in one language would have little or no effect on memory task 

performance in the other language. That is, they all predicted the absence of CLT (e.g., 

Kolers, 1963; Tulving & Colotla, 1970; Macnamara & Kushnir, 1971; Glazner & Duarte, 

1971; Goggin & Wickens, 1971; Kolers & Gonzales, 1980; Genesee, 1989). 

Notwithstanding their methodological focus on the lexical level of analysis (see 

Hummel, 1993), the majority of studies conducted under both views did not appeal to 

lexical representations. Considerable variability exists regarding the type of representational 

basis assumed. Thus, while some appealed to semantic/conceptual (e.g., Kolers, 1963), 

semantic only (e.g., Lopez & Young, 1974) or lexico-semantic representations (e.g., 

Williams, 1994), others proposed a conceptual-experiential store that contained conceptual, 

language-f^ experiential and other mental representations (e.g., Paradis, 1980; 1981). 

Others assumed an amodal-conceptual representation (e.g., Chen & Ng, 1989) or amodal-

abstract-conceptual rather than abstract-linguistic (e.g.. Potter et al., 1984; Potter, 1979) or 

just plain language-free conceptual representation (e.g., Saegert et al., 1973). 

Theoretical and research attention to both the CCH and the general IID decreased 

notably over the years. The CCH was generally dropped by the end of the 1960s due to both 

the general excitement within psychology created by the advent of information processing 

models and conceptual/methodological problems within the CCH (Keady, 1992). 

Apparently, it was too difficult to make the necessary methodological COM-COO subject 

distinctions (Bialystok & Hakuta, 1994), and criteria for the distinction were unclear and 
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changed from experiment to experiment (Diller, 1974). In general, reviews of the bilingual 

memory research literature generated under the subject-centered tradition converge on the 

conclusion that studies addressing the general IID produced divergent and inconsistent 

patterns of results as well as conflicting interpretations (e.g.. Hummel, 1986; 1993; 

Durgunoglu & Roediger, 1987; Ransdell & Hschler, 1987). One problem with most 

reviews, however, is that they do not make the theoretical and methcxiological distinction 

noted above between the CCH and the IID. The literature reviewed for the present study 

suggests that, because work under the CCH and the IID made different assumptions about 

bilinguals, different methodologies were implemented under each, and thus different 

outcomes were obtained by each. In general, it can be said that inconsistent and 

contradictory findings characterized research under the IID, but not under the CCH. 

I.B. Task-Centered Tradition 

The Process View of Memory 

More recently, some (e.g., Ransdell & Fischler, 1987) have argued that the question 

of a singleAinterdependent vs. two^ndependent systems in bilingual memory research may 

be too simplistic. The focus of the most recent work on bilingual memory has changed fix)m 

the early subject-centered ideas of memory organizations and representations to models 

emphasizing the processing conditions under which the two languages interact and the 

extent to which they interact to produce different patterns of bilingual memory performance. 

This woric has been influenced by research conducted under the Process View of Memory 

(PVM) with normal monolingual samples (see Blaxton, 1995; Roediger, Weldon, & Challis, 
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1989; Roediger & Blaxton, 1987). The PVM, and its application to the bilingual case, here 

referred to as the PVM-B, are based on the principle of Transfer Appropriate Processing. 

The principle holds that retrieval of information improves to the extent that the processing 

activities engaged in during encoding of information are recapitulated by the retrieval task 

used at test; a mismatch or limited overlap between the type of processing engendered at 

encoding and that required at test lowers retrieval (see Blaxton, 1995; Roediger et al, 1989; 

Roediger & Blaxton, 1987). 

The PVM-B holds that the type of processing implicated at encoding and test is the 

primary variable that should be considered in determining patterns of performance 

consistent with a single/interdependent or a dual/independent model of bilingual memory 

(Durgunoglu & Roediger (1987). The PVM-B distinguishes between data-driven and 

conceptually-driven processing. These are thought to reflect endpoints on a continuum of 

processing rather than a strict dichotomy (Roediger & Blaxton, 1987). These two modes of 

processing correspond to each of the traditional subject-centered interpretations of bilingual 

memory. Conceptually-driven processing is thought to be language-independent as it is 

based on the semantic meaning of the stimuli emphasizing concepts, elaborations, and 

associations (see Blaxton, 1995; Roediger & Blaxton, 1987; Ransdell & Fischler, 1987). 

This type of processing has been identified with the single/interdependent interpretation of 

bilingual memory as it allows CLT despite encoding-to-test changes in language (i.e., the 

processing of a word in one language at encoding facilitates the processing of the translation 

of that word at test; material encoded in one language can be accessed for performance in 

the other language at test; material processed in both languages yields better memory 
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performance than material processed twice in the same language) (see Durgunoglu & 

Roediger, 1987; Roediger & Blaxton, 1987). 

In contrast, data-driven processing is concerned with the perceptual or surface 

featiuies of stimuli apart from their semantic content (e.g., Durgunoglu & Roediger, 1987; 

Blaxton, 1995). Data-driven processing is language-specific or language-dependent, and 

thus has been identified with the separate/independent interpretation of bilingual memory. 

That is, processing a word in one language fails to influence subsequent memory 

performance in the other language; or put differently, study-to-test changes in language 

preclude CLT (e.g., Ransdell & Rschler, 1987; IXirgunoglu & Roediger, 1987; Roediger & 

Blaxton, 1987). 

Although memory tasks are said to involve a blend of data- and conceptually-driven 

processing, they vary in terms of the degree to which the two typ)es of processing are 

involved. The Free Recall Task (FRT), in which people are simply asked to recall recent 

events in the absence of any cues, has been referred to as the paradigmatic conceptually-

driven test as participants must drive their performance by using stored mental concepts or 

analyzing the stimulus meaning or content Performance on the F^T is considerably 

enhanced by semantic, conceptual analysis of words at encoding, with changes in perceptual 

or surface features between study and test stimuli having little or no effect (Roediger & 

Blaxton, 1987; Vaidya et al., 1995; Roediger et al., 1989). In contrast, performance on the 

word stem completion (WSCT), word fragment completion (WFCT), and lexical decision 

tasks (UDT) is considered to be dependent on perceptual, surface feature, data-driven 

processing (e.g., Roediger & Blaxton, 1987; Roediger et al., 1992; Vaidya et al., 1995). 
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According to the PVM-B (e.g., Dur;gunoglu & Roediger, 1987), these tasks tap what Kirsner 

& Dunn (1985) referred to as the perceptual record of experience. From a different 

theoretical perspective, others (e.g., Tulving & Schacter, 1990; Schacter, 1994) similarly 

argue that those tasks depend on the activation of presemantic representations, and are 

supported by what Warrington & Shallice (1980) referred to as the visual-word-form 

system. 

Durgunoglu & Roediger's (1987) study appears to be the first research effort 

explicitly designed under the PVM-B as the alternative view to traditional subject-centered 

formulations of bilingual memory. The study compared the FRT and WFCT under five 

different encoding conditions, each involving different degrees of data- or conceptually-

driven processing. The study found performance on the FRT to be greatly enhanced by 

conceptual/elaborative encoding (e.g., studying the word and its translate, generating the 

word's translate, and generating an image of the word's referent), as compared to perceptual 

encoding (e.g., studying the word twice in the same language). The conclusion submitted 

was that performance on FRT is language-independent producing results in line with a 

single/unified system interpretation of bilingual memory. In contrast, the occurrence of 

priming on the WFCT was found to be dependent on the matching of language at study and 

test; performance on the WFCT was enhanced only by encoding conditions that matched the 

language used at test regardless of the amount of elaborative processing involved at 

encoding (e.g., forming an image of the word's referent produced no CLT). The absence of 

CLT was taken to reflect language-specificity effects, and thus as evidence consistent with 

the dual/separate system interpretation of bilingual memory (see Durgunoglu & Roediger, 
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1987). Other researchers who have employed the WFCT (e.g., Durgunoglu & Garcia, 1989; 

Heredia & McLaughlin, 1992; Smith, 1991) and the LDT (e.g., IGrsner et al., 1980; 

Scarborough et al., 1984; Kirsner et al., 1984; Gerard & Scarborough, 1989) have arrived at 

the same conclusion. 

It is now thought that the PVM-B provides a more fruitful analysis of bilingual 

memory (e.g., Durgunoglu & Garcia, 1989; Durgunoglu & Roediger, 1987; Heredia & 

McLaughlin, 1992). Presumably, conceptual and methodological neglect of the functional 

relationship between type of processing at encoding and test under the HD led to the pattern 

of conflicting evidence and conclusions documented in the bilingual memory research 

literamre (see Durgunoglu & Roediger, 1987). The issue of whether bilinguals store 

information in one or two stores is now seen as indeterminable because varying retrieval 

demands of different memory tasks produces different patterns of results (Durgunoglu & 

Roediger, 1987). It is worth noting, however, that although the PVM-B shifted attention 

from subject dimensions to task dimensions, it continues to maintain the same implicit 

assumption made under the IID, namely, that all bilinguals are the same. Because the debate 

over the bilingual's type and number of representations and systems is thought to be 

empirically indeterminate (e.g., Glucksberg, 1984) and probably fhiitless (e.g., Kolers & 

Brison, 1984), the focus of research after Durgunoglu & Roediger's (1987) pioneer study 

has been on the distinction between lexical and semantic representations. 

In line with the monolingual evidence suggesting that lexical and semantic 

information are represented separately, the contemporary view in bilingual memory is that 

words in the two languages are represented separately at the lexical level, but access a 
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common conceptual representation (e.g.. Smith, 1991; Kroll & de Groot, 1997). 

Accordingly, tests that access lexical level representations produce language-specific effects 

(i.e., do not benefit from the prior processing of the word's translation at encoding, and thus 

preclude CLT), and tests that access language-fiee semantic representations produce 

language-independent effects (i.e., do benefit from prior processing of the word's translation 

at encoding, and thus allow CLT). In terms of the processing-based taxonomy of memory 

tests offered by Durgunoglu & Roediger (1987), this means that data-driven (conceptually-

insensitive) tests such as WFCT access the language-specific lexical level of representation 

of the word, and conceptually-driven (perceptually-insensitive) tests such as FRT access the 

language-free semantic representation of the word (see Smith, 1991). 

Notwithstanding the move toward the adoption of the PVM-B as the primary 

paradigm in bilingual memory research, some have argued that the CCH should not be 

completely dismissed because it has enough predictive power (e.g., Lambert, 1981; Paivio, 

1991). Indeed, a number of reviews have noted that much of the research conducted while 

the CCH was alive during the 1950s and 1960s supported the COM-CCXD distinction (e.g., 

Keatley, 1992; Lambert, 1981; Paivio, 1991). However, the same reviews have not 

addressed the issue of the place (if any) that the CCH might have in contemporary bilingual 

memory research under the PVM-B nor have they evaluated the status of the PVM-B in this 

field. 
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n. CONFLICTING RESEARCH EVIDENCE 

Oespite the growing empirical support for and theoretical acceptance of the PVM-B, 

patterns of performance consistent with CLT effects have emerged in a number of studies 

employing the LDT (e.g., Jin, 1990, exp. 1; Chen & Ng, 1989, exp. 1; de Groot & Nas, 

1991) and the WFCT (e.g., Durgunoglu & Garcia, 1989; Heredia & McLaughlin, 1992; 

Smith, 1991; Watldns & Peynircioglu, 1983). This set of studies is not methodologically 

different in any meaningful way from the many other studies that have confirmed the PVM-

B's predicted absence of CLT in the same data-driven tasks. All the studies claim the use of 

"highly fluent" bilingual samples. Thus, inconsistent results camiot be attributed to a limited 

language proficiency factor. Similarly, they all employed noncognate translations as stimuli 

under similar, sometimes identical, encoding conditions; thus, CLT cannot be attributed to a 

perceptual match between the primes and targets employed. Evidently, to the extent that 

they all employed data-driven tasks, type of processing at retrieval was the same across the 

studies. 

To this date, there has not been any explicit formal PVM-B attempt to address this 

set of inconsistent results. Although post hoc explanations have been offered in some, but 

not all, the studies, these have not always been empirically tested. Post hoc explanations 

offered have appealed to the participants' use of strategies variously referred to as 

spontaneous strategic translative processing, awareness-driven strategies such as episodic 

memory contamination, awareness of the prime-target relationship, post-lexical meaning 

integration, and codeAanguage-switching. However, more importantly, as one would expect 

under the prevalent task-centered tradition, the post hoc explanations offered tend to 



23 

attribute the occurrence of those strategies to task/procedural factors within the experiment 

That is, the ultimate source of the unexpected CLT observed is thought to be a procedural or 

task aspect that "contaminates" the experiment via induction of episodic awareness and 

translation. On the very rare occasions in which the source has been placed within the 

subject, the phenomenon is left unexplained (e.g., see Heredia & McLaughlin, 1992). The 

following brief discussion of research conducted with the LDT and the WFCT illustrates the 

nature of post-hoc explanations offered and the conditions under which they were generated. 

n.a. Word Fragment Completion Task (WFCT). 

Bilingual studies employing the WFCT have been modeled after monolingual 

(MO) repetition priming studies with the WFCT. In the MO case, individuals are initially 

presented with words (in list format or each individually) and instructed to perform one 

of several possible operations (e.g., to read each word aloud, count the number of vowels, 

rate each word for pleasanmess, etc.). After this encoding phase, individuals are 

presented with word fragments and are asked to complete each fragment with the Hrst 

word that comes to mind. Some of these fragments correspond to the words presented at 

encoding while other to words never presented in the encoding phase. Priming is 

reflected in the greater tendency to complete the fragments corresponding to the words 

previously seen at encoding than fragments corresponding to words that were not 

presented at encoding. In the bilingual case, individuals are presented with words in one 

language (e.g., LI) and instructed to perform one or more of several possible operations 

(e.g., to read each word aloud, imagine the word's referent, etc.). After this encoding 
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phase, individuals are presented with word fragments some of which are the L2 

translations of the LI words presented at encoding while other L2 words never presented 

in the encoding phase (either as a LI or L2 word). At this point, individuals are asked to 

complete each fragment with the first L2 word that comes to mind. Evidence of CLT is 

reflected in the greater tendency to complete the L2 fragments translations of the LI 

words seen at encoding than fragments corresponding to L2 words that were not 

presented at encoding (either as LI or L2 words). In both cases, MO and bilingual, 

participants are not told to study for a memory test or to recall words from the encoding 

episode. Similarly, the relationship between initially studied words and the word 

fragments presented at test (LI words and their L2 translations in the bilingual case) is 

never revealed to the experiment participants (e.g., see Winocur et al., 1996; Nyberg et 

al., 1997; Heredia & McLaughlin, 1992; Durgunoglu & Garcia, 1989). 

Durgunoglu & Garcia (1989) observed significant unexpected CLT in the WFCT 

and attributed it to controlled translation strategies induced by a bilingual language activity 

(i.e., story reading in both languages) administered before the monolingual encoding phase 

(i.e., reading the same Spanish word twice) of the experiment However, it is not clear that 

all, or that only those, bilinguals exposed to the pre-experimental bilingual activity were 

affected by it (i.e., not all bilinguals showed CLT). 

It is worth noting that translative activity was not invoked, nor was CLT on WFCT 

observed, in Ourgunoglu & Roediger's (1987) study where a different sample of bilinguals 

were exposed to identical encoding conditions both before and after engaging in similar 

bilingual activities (e.g., reading a Spanish word and its English translation, and generating 



25 

the English translation of a Spanish word). Thus, it is not clear if strategic translative 

processes in Durgunoglu & Garcia's (1989) study can be unequivocally attributed to the 

procedural factor to which they appealed. 

Heredia & McLaughlin (1992) employed the same encoding condition as in the two 

studies above (i.e., reading the same Spanish word twice). They too observed a small but 

significant unexpected CLT on the WFCT of some of the participants in the sample, and 

argued that it resulted from spontaneous translation strategies. They attributed translative 

processes to participants spontaneously engaging in conceptually-driven processing at 

encoding. However, they did not identify the sources (procedural or subject-related) of the 

contaminating semantic/translative processing nor did they explain why only some, not all, 

participants engaged in such processing. 

Watkins & Peynircioglu (1983, exp. 1) also found a small but significant CLT effect 

that they attributed to spontaneous translation by some, not all, bilinguals in the sample. 

Much like Heredia & McLaughlin (1992), Watkins & Peynircioglu did not identify the 

sources of translative processing (in fact, this was left unaddressed). One possibility could 

be that instructions at test indirectly made reference to the encoding episode (i.e., 

inadvertently employed explicit memory instructions). However, even if one allows this 

possibility, it does not explain why only some, not all, participants responded to it with 

translative processing (a question also left unaddressed in the study). They made changes in 

procedure and ran a second experiment with a different bilingual subject sample; they did 

not find significant CLT in the sample as a whole, albeit the use of spontaneous translation 

strategies was suspected in some participants (Watkins & Peynircioglu, 1983, exp. 2). 
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The encoding condition in the four studies just described required participants to 

read isolated words in a list format. This type of encoding is thought to induce lexical/ 

perceptual processing only, precluding elaborative/semantic processing, and its CLT-

inhibiting properties have been empirically confirmed (e.g.. Smith, 1991). In this latter 

study, CLT was observed after sentence processing at encoding (i.e., participants inferred a 

word from a sentence) but not after studying words in a list format. This study is thought to 

be the first demonstration of CX,T in the WFCT (see Smith, 1991). Because the study 

employed noncognate translations, and word forms at study were not even visually available 

to the participants, results can be taken to imply that the WFCT may not be as data-driven 

(or as insensitive to elaborative processing) as some investigators have thought (e.g., see 

Durgunoglu & Roediger, 1987; Roediger et al., 1989). However, the magnitude of CLT 

after sentence encoding varied across samples, and although it was suspected that translation 

strategies played a role in the sample with the highest CLT level, these were not directly 

ruled out (see Smith, 1991). 

n.b. Lexical Decision Task (LDT). 

Bilingual studies employing the LDT have been modeled after monolingual (MO) 

repetition priming studies with the LDT. In the MO case, subjects are presented with 

words and are asked to decide as quickly and accurately as possible whether or not the 

letters form a real word. When a word is repeated later within the same experimental 

session, responses to subsequent presentations of that word are typically faster and more 

accurate than responses to unrepeated new words. This facilitation in speed and accuracy 

of responding is known as the repetition priming effect. In the bilingual case, the 
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paradigm takes the following general form. Words are initially presented for lexical 

decision in one language (e.g., LI). Later within the same experimental session, these LI 

words are presented again, some in their L2 form (i.e., noncognate translations) while 

other in their original LI form. Equally fast responses to words repeated in L2 and LI 

indicates that between-language and within-language facilitation, respectively, are the 

same, suggesting that CLT has occurred. Slower responding to the L2 translation word-

forms relative to LI word-forms indicate absence of CLT. Variants of this paradigm 

include presentation of nonrepeated new LI words to obtain baseline/control levels of 

responding and further assess between-and within-language priming or transfer. In both 

cases, MO and bilingual, participants are not told that initially presented words are 

repeated (either in the original LI or the translated L2 form) within the experiment or that 

the task in question is a memory task (i.e., they are not asked to recall words or prior 

episodes) (e.g., see Chen & Ng, 1989; Jin, 1990; de Groot & Nas, 1991). 

Post hoc explanations in bilingual studies using the LDT have focused on two 

procedural concerns: prime-target time interval and prime visibility. It has been argued that 

the longer the prime-target interval is the greater the likelihood of strategic or awareness-

driven processes such as elaborative processing of the prime, translation of the prime, 

episodic memory trace, code-switching (e.g., see Altarriba, 1991; de Groot & Nas, 1991). 

This can be further accentuated if the prime word is visible. That is, both awareness of the 

prime-target relationship and spontaneous translation are more likely to occur, and thus 

contribute to the CLT effect, when the prime words are visible than when they are not (e.g., 

de Groot & Nas, 1991). 
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However, disagreement exists as to exactly how long the interval has to be for the 

occurrence of effective strategic processes leading to CLT. For example, Altarriba (1991) 

argued that the CLT obtained for noncognates by Chen & Ng (1989) resulted from 

translative processes applied to the prime due to the long, 300 msec, prime-target interval 

employed. In contrast, Chen & Ng (1989) themselves argued that they intentionally 

employed a short interval (i.e., 300 msec) precisely to prevent attentional, effortful 

processing such as translation of the prime. Indeed, 300-msec intervals are thought to be 

shorter than the time it takes to initiate most conscious linguistic processes, including 

translation (e.g., Tanenhaus et al., 1979). However, the occurrence of spontaneous 

translation has been invoked (e.g., Altarriba, 1991) to explain CLT obtained under 100 and 

150-msec intervals both for semantic associates (i.e., CLT-semantic priming) and 

noncognate translates (i.e., CLT-repetition priming) (e.g., Jin, 1990; Schwanenflugel & Rey, 

1986). In fact, translation and/or language-switching have been suspected (e.g., Altarriba, 

1991) even in studies that employed simultaneous prime-target presentation (i.e., zero-sec 

intervals -e.g., Meyer & Rudy, 1974). 

An interpretation in terms of translation/code-switching seems appropriate given that 

the prime words were notably visible in all those studies. However, CLT was not eliminated 

and translative or episodic awareness processes were still suspected when prime visibility 

was precluded via the prime masking procedure (e.g., de Groot & Nas, 1991). A translation-

based interpretation of the findings from the studies above is not without complications. 

Although spreading activation is short lived (Kirsner et al., 1984), the short intervals 

employed raise the possibility that the CLT effect occurred within the boundaries of such 
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activation, before the trace decayed. However, this possibility would not necessarily rule out 

an interpretation in terms of strategic processes. That is, although it is not known how long it 

takes bilinguals to initiate and complete spontaneous translation in the LDT, some evidence 

suggests that it can be very fast. Schwanenflugel & Rey (1986) found equal within- and 

between-language semantic category priming under 100- and 300-msec prime-target 

intervals, suggesting that language-switching does not precluded CLT in the LJDT (i.e., no 

response latency disadvantage was found for words in one language after being cued with 

words in the other language). This speaks against the assumption (e.g., Kirsner et al., 1984; 

Kirsner, 1986) that strategic processes such as translation and language-switching are too 

slow, time-consuming and effortful to be effective for CLT in the LDT. 

It could be argued that CLT obtained with noncognates under short prime-target 

intervals reflects genuine automatic spreading activation given that other LDT studies have 

failed to obtain CLT effects with noncognates under longer prime-target intervals (i.e., 2 sec 

to 33 mins) (e.g., Kirsner et al., 1984; Scarborough et al., 1984; Gerard & Scarborough, 

1989). However, here too, such explanation is challenged by the fact that primes were 

notably visible in this latter set of studies. It is not clear why this different sample of 

bilinguals did not take advantage of the two factors which make strategic translation 

processing more likely, namely, unmasked prime conditions and sufRciendy long prime-

target intervals. Given that translation processes imply the activation both of the word form 

(which is long lived) and its meaning (which is short lived), application of such processes 

would have ensured the materialization of CLT even under such long intervals. 
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Clearly, results from this set of WFCT and LX>T studies cannot be accommodated 

within the PVM-B. In fact, they challenge at least two of its fundamental assumptions. 

Because CLT emerged in some but not all studies despite maintaining type of processing 

constant across studies (i.e. data-driven), then the nature of the processing engendered by the 

tasks may not be the only or most critical variable for CLT. Similarly, because CLT 

emerged in some but not all the studies despite the use of noncognate translates in all the 

studies, then perceptual match between study and test items may not be necessary for CLT; 

lack of prime-target perceptual match does not preclude CLT in data-driven tasks. 

In summary, the picture under a task-centered approach, namely, the PVM-B, is 

beginning to look not much different from that under the old IID. That is, inconsistent 

results are beginning to emerge and divergent post hoc explanations to proliferate. Because 

unexpected CLT continues to emerge despite implementation of corrective measures 

derived from post hoc explanations (i.e., use of noncognate, long prime-target interval, 

masking to reduce prime-target awareness), the PVM-B predictive power is in question. 

Furthermore, because concepts such as awareness-driven strategic processing and episodic 

memory trace have been developed within the Memory Systems Model (e.g., see 

Moscovitch, 1994a), reliance on these concepts to formulate post hoc explanations of CLT 

suggests that the PVM-B may not be the most complete theoretical model of bilingual 

memory thought by some (e.g., Durgunoglu & Roediger, 1987). Again, it is worth noting 

that work conducted under both the PVM-B and the HD makes the same implicit 

assumption, namely, that all bilingual s are the same, and therefore, that all bilinguals engage 

in the same type of processing specified by the encoding and test tasks. 



31 

in. IMPLICATIONS OF STRATEGIC PROCESSING: TASK vs. SUBJECT 

Spontaneous translation and awareness-driven processes in general appear to be the 

"contaminating" processes most frequently invoked in bilingual studies with the LDT and 

the WFCT. Researchers in the field of bilingual memory converge on the theoretical 

implications of these processes in data-driven tasks: the processes do not reflect genuine 

automatic cross-language spreading activation priming, but rather the contributions of an 

episodic trace to the priming effect, and therefore do not tell us much about the nature of the 

representational structure of bilingual memory (e.g., see de Groot & Nas, 1991; Altarriba, 

1991; Kirsner et al., 1984). 

However, the literature reviewed for the present study suggests that spontaneous 

translation, or for that matter, any of the strategic, awareness-driven processes invoked, 

should not be dismissed as mere methodological "contaminating" factors lacking theoretical 

value. The occurrence of strategic processing in data-driven tasks may be telling us more 

about bilingual memory than what is currently acknowledged in the field. 

The studies discussed in Section II did not select nor characterize bilingual subject 

samples in any way relevant to the subject dimensions postulated by the CCH. That is, the 

studies did not compare EBs and LBs on CLT measures. However, a close look at their 

samples reveals that the contribution of strategic translation and other awareness-driven 

processes to the unexpected CLT obtained was suspected in studies where the subject 

sample appears to be predominantly EB (i.e., where the sample included an important 

percentage of EBs). Among the WFCT studies, 60% of participants in Watkins & 

Peynircioglu's (1983) sample began L2 development between ages 3 to 7; similarly, it 
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appears that approximately 60% of Durgunoglu & Garcia's (1989) sample began L2 before 

age 6 or 7. The picture for LDT studies looks much the same: in Schwanenflugel & Rey's 

(1986) study the samples' mean age of L2 acquisition was 5 to 6 yrs; Meyer & Rudy (1974) 

and de Groot & Nas (1991) explicitly selected participants to be COM bilinguals; all 

participants in Jin's (1990) study began development of L2 during childhood; all participants 

in Chen & Ng's (1989) sample acquired L2 around age 7. In contrast, samples tend to be 

heterogeneous or predominantly LB in studies where spontaneous translation or other 

awareness-driven strategies were not a concern and CLT did not emerge (e.g., Kirsner et al., 

1984; Scarborough et al., 1984; Gerard & Scarborough, 1989). Unfortunately, the sample 

description offered in many bilingual memory studies does not allow any inferences relevant 

to the EB-LB status of the participants. 

The possibility of an association between the invoked contaminating factors (i.e., 

spontaneous translation, awareness of the prime-target relationship, episodic trace, or 

strategic/elaborative processing) and EB-LB status is entirely in line with the theoretical and 

research work conducted under the CCH. According to this work, EBs are predisposed to 

adopt a semantic mode of processing linguistic input (Vaid, 1984); they appear to be more 

influenced by the semantic content of verbal stimuli or more inclined to process the deeper 

meaning of linguistic information (e.g., Vaid, 1987; Vaid & Hall, 1991; Genesee et al., 

1978; Vaid & Lambert, 1979; Gordon, 1980; Lambert, 1981; Vaid, 1984). In contrast, LBs 

have been characterized as being more readily attuned or sensitive to the surface 

(perceptual) features of linguistic input, and thus tend to prefer, or are more prone to adopt, a 

processing strategy based on those surface features (e.g., Vaid Sc. Hall, 1991; Vaid, 1984; 
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Genesee et al., 1978; Vaid, 1987). In fact, COMs adopt a meaning-based processing strategy 

even when it is not advantageous to do so and despite being instructed to ignore that 

dimension of the information in the bilingual Stroop task (Lambert, 1969; 1981); CCXDs, on 

the other hand, are less distracted by (or more able to ignore) the meaning system of the 

other language in the same task (Lambert, 1969; 1981) 

It has been argued (e.g., Lambert et ai., 1958) that COMs and COOs may make 

different use of translation processes, and this does not necessarily reflect differences in 

terms of translation ability. Lambert et al (1958) showed that despite their relatively equal 

translation ability, COOs and COMs benefitted differently from encoding words and their 

translations, and accordingly, performed differentiy on the FRT. Lambert et al (1958) 

argued that COOs appeared to be less aware of the availability of translations while COMs 

appeared to be more set to translate than COOs. This is in line with other findings which 

suggest that the spontaneous use of translation strategies may be more common in EBs than 

in LBs (Aronsson et al., 1982), and with the conclusion that the languages of COMs are 

separate but interrelated through automatic translation processes (Gekoski et al., 1982). It is 

also in line with more recent observations from LDT studies (e.g., Altarriba, 1990) that 

bilinguals who acquire both languages simultaneously are more likely to translate the prime 

before processing the target word. Others (e.g., Poplack, 1980) have shown that 

simultaneous activation of both languages during sentence processing is more likely in EBs 

than in LBs. 

Lambert et al's (1958) study is clearly at variance with the PVM-B's proposal that 

studying the same concept in both languages enhances CLT in the FRT via coding of 
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conceptual information through variable encoding (e.g., see Durgunoglu & Roediger, 1987). 

Durgunoglu & Roediger's (1987) study found greater CLT in FRT after studying the word 

and its translate than after studying the same word twice in the same language. However, 

Lambert et al's (1958) study showed that similar encoding conditions did not produce the 

same level of free recall in COMs and CCX)s; a significantly lower degree of CLT was 

observed in COOs. Thus, in contrast with the PVM-B's prediction, both pattems of bilingual 

linguistic memory organization, independence and interdependence, emerge as a function of 

type of bilingualism rather than type of task. Lambert et al's (19S8) study also illustrates that 

changes in surface features (i.e., language) can have a significant effect on the paradigmatic 

conceptually-driven FRT. This is clearly at variance with the PVM-B's proposed 

insensitivity of the FRT to surface features changes (e.g., Durgunoglu & Roediger, 1987). 

Hence, given the suggested sample composition in the bilingual data-driven studies 

discussed in Section U, CLT in those studies may have emerged not as a result of mere 

task/procedural factors alone (or at all), but rather as a result of the presence of EEs in the 

samples. 

These EB-LB differences in cognitive/memory task performance do not seem to 

reflect a limited language ability factor. For example, COO bilingualism has been found to 

be largely unrelated to bilingual language proficiency (e.g., Bemy et al., 1968). Similarly, 

EB-LB group differences in memory test performance have emerged despite the two groups' 

equivalent and/or balanced bilingual language proficiency (e.g., see Lambert, 1969; Lambert 

& Rawlings, 1969; Lambert et al., 1968; Ldpez & Young, 1974; Vaid, 1984; Genesee et al., 

1978; Lambert et al., 1958). This latter has been established through indirect measures (e.g.. 
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self-ratings, judge-ratings, etc.) and/or tasks directly measuring accuracy and speed of word 

reading, color naming, translation ability, and language comprehension administered before 

the application of any memory requirement (i.e., as part of the subject selection process). 

Although limited in number, these studies suggest that differences between EB/COM and 

LB/COO emerge only when a cognitive or memory processing load is added to their on-line 

language processing. This is in line with the conclusion that CCX)/LBs can use their 

languages with native-like accuracy and fluency, but may process linguistic information in a 

manner that differs from MOs and COM/EBs (see Vaid, 1984; Webber-Fox & Neville, 

1992; Neville et al., 1992). It also converges with more recent research concluding that late 

developed languages developed late in life are not processed in the same way as the LI or as 

two languages acquired before the age of 5 or 6 (e.g., see Paradis, 1997). Hence, the 

distinction appears to reflect genuine differences in how the two types of bilinguals process 

information. 
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IV. NEUROPSYCHOLOGY OF EARLY AND LATE BILINGUALISM 

Explanations of the different processing tendencies of EBs and LBs have focused on 

the general issue of language hemispheric dominance or laterality. The main, and apparently 

only, hypothesis driving research during the 1970s and 1980s linked EEs' tendency to focus 

on semantic processing to left hemisphere function and LBs' perceptual style to right 

hemisphere function (e.g., Genesee et al., 1978). In general, it was thought that although 

both languages of EBs and the LI of LBs were subserved by the left hemisphere 

exclusively, LBs' L2 was supported by right hemisphere function (for reviews, see Vaid & 

Hall, 1991; Albert & Obler, 1978). Additional interest in the possibility of right hemisphere 

dominance for language was also fueled by claims of higher incidence of crossed aphasia in 

bilinguals than in MOs (i.e., aphasia in a right-handed individual after right-hemisphere 

brain damage) and clinical evidence suggesting differential patterns of language impairment 

and recovery after brain insult in bilinguals (for review, see Vaid & Hall, 1991). However, 

reviews of the language laterality research (e.g., Obler & Hannigan, 1996; Vaid & Hall, 

1991) have highlighted multiple methodological limitations in the techniques (e.g., 

tachistoscopic viewing and dichotic listening) and sampling procedures employed (e.g., 

selected case studies mostly, absence of monolingual controls, and uncontrolled forced 

right-handedness and illiteracy in the samples). The reviews have found no unequivocal 

evidence of reliable: a) greater right hemisphere contributions to language in bilinguals than 

MOs, b) differences in hemispheric language representation between the two languages of 

bilinguals, or c) greater incidence of crossed aphasia in bilinguals than MOs. Similarly, 

more recent neuroimaging research finds no reliable between- or within-group differences in 
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the hemisphere language representation of EBs and LBs (see, e.g., Kim et al., 1997; Kim et 

al., 1996; Klein et al.. 199S; Klein et al., 1994). Right hemisphere language contributions 

are expected, and have emerged equally in bilinguals and monolinguals, when the task 

involves paralinguistic features such as language pragmatics (for reviews, see Paradis, 

1998). Some have called for an end to further studies on the alleged right hemisphere 

organization of language(s) in bilinguals (e.g., Paradis, 1994; Paradis, 1990; Sussman & 

Simon, 1988). 

Contemporary theoretical and empirical lines of work in aphasia and clinical 

neurology case studies employing electrical stimulation and intracarotid amytal 

procedures converge on the conclusion that the languages of the bilingual are represented 

within the same naturally selected left-hemisphere language-specialized brain regions 

long identified in the MO person (see, e.g., Fabbro & Paradis, 1995; Paradis, 1994; 

Aglioti & Fabbro, 1993; Vaid & Hall, 1991; Berthier et al., 1990; van Lieshout et al., 

1990; Rapport et al., 1983; Ojemann & Whitaker, 1978). However, this work also 

converges on the observation that late leamt languages require additional neural 

processing within traditional left hemisphere language regions and/or surrounding neural 

tissue. In line with this, recent neuroimaging studies with small, neurologically intact, 

adult bilingual samples suggest that the developmental timing of exposure to a language 

determines the fiinctional organization and allocation of neural resources to process that 

language within the anterior cortex and subcortical structures. While individual 

significant inter-hemispheric variability was noted in one study (e.g., Dehaene et al., 

1997- very likely influenced by the pragmatic features of the task employed). 
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collectively, the studies suggest a more limited role of age of L2 inception in the 

configuration of posterior language regions (at least within the range of tasks studied) 

given that early and late developed languages consistently activated the same posterior 

language regions long identified in the MO person (i.e., Broadman's 41/42 and 

Wernicke's area 22). 

At the subcortical level, positron emission tomography (PET) studies with LBs 

who began learning of L2 at the mean age of 7 reveal increased left putaminal processing 

during word repetition in L2 and translation into L2, but not when these same linguistic 

operations are conducted in LI (see Klein et al., 1994; Klein et al., 1995). At the cortical 

level, functional magnetic resonance imaging (fMRI) research with EBs that acquired 

both languages simultaneously from birth and LBs who leamt L2 between the ages of 7 

and 11 years shows that silent, internal speech in both languages of EBs and the LI (but 

not L2) of LBs activates the same anterior (Broca's) language region (i.e., Broadmann's 

area 44) (see Kim et al., 1996; Kim et al., 1997). In contrast, on the same silent speech 

task, LBs' L2 produces variably significant activations within the left dorsolateral 

prefrontal cortex (LDLP; Broadman's area 46), as well as left inferior frontal (LIF) 

regions in and outside Broca's area far from the centers activated by their LI (see Kim et 

al., 1996; Kim et al., 1997). A similar PET rCBF activation pattern emerges in LBs who 

began to leam L2 at the mean age of 7 (see Klein et al., 1995); here, translation from L2 

activates two spatially separate areas within the LDLP (Broadmann's 9/46) and LIF 

regions (areas 10/47). In contrast, translation from LI activates single areas mostly 

confined to the frontal operculum. Similarly, fMRI research (see Dehaene et al., 1997) 
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with LBs who began to develop L2 after age 7 reveals anterior cingulate (AC) and LIF 

region activations when listening to short stories in L2, but not when listening to the same 

or different stories in LI (this latter activating left frontal operculum only). 

Hence, late- and early-developed languages rely on qualitatively and 

quantitatively different, but partially overlapping, left hemisphere neural strategies, the 

strategy underlying the former being more neurofiinctionally taxing than the one 

supporting the latter. That is, increased subcortical processing and far more widespread 

frontal cortical resources outside traditional language regions are required to start and run 

mere linguistic operations alone in late leamt languages. In contrast, the same linguistic 

operations in early acquired languages are accomplished within a much more reduced 

neurofunctional region confined to the left frontal operculum, focalized to the naturally 

selected language-specialized Broca's area. The tendency of both languages to overlap 

within Broca's area increases as age of exposure to L2 decreases, with a prototypical 

"Broca's neural strategy" for both languages emerging only when both are acquired 

simultaneously or successively during infancy, before age 5. This is essentially the same 

neural strategy found in fMRI studies with MOs (e.g., Hinke et al., 1993) under task 

requirements identical to those employed in the bilingual fMRI studies (e.g., Kim et al., 

1996; Kim et al., 1997). Accordingly, because they occupy the same anterior and 

posterior language cortical regions long identifted in the MO case, languages developed 

simultaneously or successively during infancy are native languages. However, the neural 

strategy changes to involve less neural overlap between the two languages when L2 

begins development after age 6. After this age, variability in neural strategy increases 
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significantly; L2 gradually necessitates the utilization of adjacent and distal frontal 

cortical resources and increased subcortical processing. More variable Broca's area 

involvement in L2, increased involvement of LDLP and AC regions in L2, and more 

spatially separate foci for each language within the general LIF region are all features of 

LBs' L2 that began development after age 5, between ages 6 and 7 (always before age 

11). Hence, in late developed L2s, a different local neural circuitry/network appears to be 

established within the same general neural macrosystem selected for language, fostering 

both involvement of additional adjacent and distal regions not selected for language 

function and different use of the same neural resources naturally selected for language 

function. 

A language processing disadvantage on the part of LBs cannot account for the 

two neural strategies. In all studies, EBs and LBs were rated equally fluent in both 

languages and produced equally high, fast, and accurate levels of translation, 

comprehension and repetition responses in their two languages before and during the 

experiments. Evidently, this also implies that differences in neural strategy do not affect 

linguistic processing in LI or L2, thus suggesting that EBs and LBs simply rely on 

different neural strategies to cany out the same linguistic process in an equally efficient 

manner. The two strategies are remarkable not so much because they are seen in 

bilinguals; after all, significant variability in brain language representation exists among 

MOs, and elements of the LBs' L2 neural strategy resemble rCBF activation patterns 

noted in a handful of MO studies employing language-based cognitive tasks (see, e.g., 

Kertesz, 1999; Chertkow & Bub, 1994). Rather, they are remarkable because they emerge 
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when only linguistic processes are required from the bilingual subject, and more 

importantly, because each is selectively linked to a different language development 

history, suggesting that the EB-LB status specifies not only two distinguishable patterns 

of memory performance, but also two neurofiinctionally distinct types of bilinguals. 

The foregoing analysis should in principle shift theoretical and research attention 

away from the old right-left-left hemisphere language representation debate to analyses in 

terms of the neuropsychological systems, in particular the frontal lobe system (FLS), 

implicated in bilingual language processing. However, the bilingual neuroimaging 

evidence just described has not been incorporated into any theoretical model of bilingual 

language or memory, and research has not even begun to address the implications, if any, 

of the two neural strategies for higher-order cognition or memory function in general or 

the CLT phenomenon in particular. The evidence may nevertheless be relevant to 

Paradis' (1994; 1998) recently proposed distinction between native and nonnative 

languages on the basis of the psychologically and neuroanatomically different learning 

and memory systems implicated in the chronology of language development. Based on 

bilingual and monolingual aphasia case studies and drawing general parallels from 

cognitive neuropsychological amnesia research with MOs, Paradis argues that the native 

language of MOs constitutes implicit linguistic competence that is initially developed and 

subsequenUy supported by automatic, nonstrategic, unconscious implicit learning and 

memory processes. This is distinguished from nonnative language abilities that are 

initially developed and subsequently supported by strategic, effortful, conscious explicit 

learning and memory processes. 
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Although Paradis' proposal does not explore in detail the role of age of language 

exposure, this factor is clearly implicated. That is. because implicit linguistic competence 

is what underlies the native language of MOs (see Paradis, 1994; 1998), one can argue, 

on the basis of the bilingual neuroimaging evidence at hand, that any number of 

languages developed during the primary period for language development (before age 5 

to 6; see Genesee, 1993) are native languages. Hence, in theory, a person can posses 

multiple Lis, all supported by automatic, unconscious implicit learning and memory 

processes. By contrast, any number of languages developed after that period should in 

theory rely on strategic, conscious explicit learning and memory processes. 

Although yet to be directly tested outside the clinical case context (i.e., with 

neurologically intact bilingual samples), Paradis' proposal appears to be broadly in line 

with the bilingual neurofiinctional picture just described, at least to the extent that the 

FLS has long been regarded as the system for strategic, conscious processing. To this 

date, however, the relationship between Paradis' hypothesis and FLS function has not 

been explored empirically or conceptually; in fact, the suggested link between 

native/nonnative languages and specific learning and memory systems is yet to be 

articulated. Hence, its implications, if any, for higher-order cognition or memory function 

in general or the phenomenon of CLT in particular remain unknown. One can, however, 

begin to speculate based on what cognitive neuropsychology research has revealed about 

memory function in MOs. 
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IV^. Implications for CLT in Conceptually-Driven Tasks 

Years of research have made it clear that the FLS works with many brain systems 

to support an array of cognitive processes, including memory. Although not a memory 

system per se, the FLS interacts with the memory system in the medial temporal lobe 

(MTI^) playing a necessary role in MOs' memory processes that require conscious, 

strategic recollection of the encoding episode, namely, explicit/episodic memory (for 

reviews, see Moscovitch, 1994a; Glisky, 1998). 

While specifics on the nature and extent of this role still remain elusive, research 

reviews (e.g., Glisky, 1998) suggest that the FLS contributions to memory primarily 

involve the construction and implementation of strategic processes at encoding and 

retrieval. These contributions are well documented in a number of explicit/episodic 

memory tasks, including the recall word-list task (FRT), which proponents of the 

PVM-B (e.g., Diirgunoglu & Roediger, 1987) regard as the paradigmatic conceptually-

driven memory task. The significance of these contributions is well-illustrated by 

cognitive neuropsychological research with MOs showing that performance on the FRT 

is precluded or significantly reduced when FLS processing resources become partially or 

fully unavailable due to experimentally induced interference (e.g., see Moscovitch, 

1994b) and pathological and age-related processes (e.g., see Glisky, 1998). 

Although it has not always been possible to identify in detail the specific, discrete 

FLS regions involved in a given memory performance pattern, PET research employing a 

range of conceptually-driven explicit memory tasks with MOs (see Nyberg et al., 1996) 

suggest that the left prefrontal cortex is involved in encoding (presumably reflecting 
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semantic processing) and semantic memory retrieval. Similarly, meta-analysis of 

neuroimaging research with the FRT in MOs (e.g., see Grady, 1999) implicate a number 

areas within the left dorsolateral prefrontal functional region (LDLP; specifically, 

Broadmann's areas 9, 10, 46, 47) in strategic monitoring during recall, episodic and 

semantic encoding, semantic retrieval, verbal working memory, self monitoring, and 

cognitive flexibility. The AC has rich projections to the LX>LP region and has been 

implicated in the ability to monitor the environment for competing responses and 

coordinate strategic/focused (central executive) attentional resources necessary for an 

array of cognitive tasks, including memory (e.g., Posner & Dehaene, 1994; Pardo et al., 

1990). It is an open question whether this same FLS neurofunctional configuration of 

memory in MOs underlies memory task performance in EBs and LBs; comparable 

neuroimaging research has yet to be conducted in bilinguals. However, it is clear that 

these same FLS regions are active when LBs conduct mere linguistic processes alone in 

their nonnative L2, thus suggesting that LBs' nonnative L2 and conceptually-driven 

explicit memory processes may rely on the same strategic FLS neurocognitive resources. 

This is clearly in line with Paradis' (1994; 1998) proposed reliance of nonnative 

languages on the strategic conscious resources subserving explicit memory processes. 

As suggested in section m, CLT differences between linguistically 

indistinguishable EB/COMs and LB/CCXDs emerge only when a memory load is placed 

on their equally efficient on-line linguistc processing. Research with MOs has shown that 

performance on the FRT declines significantly when a concurrent secondary task (e.g., 

finger tapping, visual monitoring, digit span, tone monitoring) is administered 
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(Schmitter-Edgecombe, 1996; Moscovitch, 1994b; Craik et al., 1993; Baddely et al., 

1984). The effect reflects competition for the same FLS neural substrate by the memory 

and the secondary tasks, leading to interference with the attentional and strategic FLS 

resources necessary for efficient performance on the FRT (Moscovitch, 1994). The same 

effect may operate in CLT research. That is, because LBs' L2 and a explicit 

conceptually-driven memory task such as FRT may compete for (and place concurrent 

processing demands on) the same FLS neural substrate, attentional and strategic FLS 

processing resources may be only partially or completely unavailable to support any 

memory task which requires linguistic processes in their nonnative L2, thus reducing or 

precluding efficient FRT performance. This is an unlikely possibility in EBs given that 

their two languages rely on a less neurofunctionally taxing strategy that does not involve 

the strategic FLS resources necessary for efficient explicit conceptually-driven memory 

processes. Hence, like MOs responding to the FRT in their native implicit linguistic 

competence, EBs have those strategic FLS resources available to support the memory 

task at hand and possibly even process and exploit additional contextual aspects of the 

memory episode not intended in the experiment. 

The relevance of the two bilingual neural strategies to these effects is illustrated in 

experiments where EB/COMs and LB/COOs studied words and their translations 

(Lambert et al., 1958) and the meaning of unrelated LI and L2 words (Vaid, 1984), two 

encoding conditions which proponents of the PVM-B (e.g., Durgunoglu & Roediger, 

1987) argue foster high levels of CLT on the conceptually-driven FRT. According to the 

foregoing analysis, to simply activate the representations of the material presented at 



46 

study (words and their translations, and unrelated LI words and L2 words), LBs had to 

engage FLS resources (e.g., LDLP, AC and frontal cortical-subcortical circuits) that 

would otherwise have been available for strategic encoding/recall operations (i.e., 

strategic/focused attention, episodic and semantic encoding, strategic monitoring during 

recall, verbal working memory, self and environment monitoring, cognitive flexibility). 

Because EBs automatically access the same material through a different neural strategy, 

those FLS neurocognitive resources were available and fully applied to strategic 

encoding and recall of the material (and possible to the processing of other features of the 

memory situation at hand not originally intended in the experiment). Not surprisingly, 

despite the direcdy measured balanced bilingual ability of EBs and LBs in these studies, 

LBs failed to show CLT as reflected in their signiflcantly lower overall recall relative to 

EBs, leading to the conclusions that CCXDs do not encode the deep meaning of items 

(Vaid, 1984) and are less aware of the availability of translations at study, while COMs 

are more set to translate (Lambert et al., 1958). Similar results emerge from other studies 

where EB-LB differences in "cognitive exploitation" of translation and conceptual 

features and metacognition are also noted (Poplack, 1980; Aronsoon et al., 1982; Gekoski 

et al., 1982; Altarriba, 1990). Hence, in the typical bilingual memory experiment, LBs 

but not EBs are placed under a dual-task contingency where attentional and strategic FLS 

resources are competed for by L2 processes and the memory task at hand, thus limiting 

their availability to efficiently encode and/or recall or process other aspects of the 

experimental situation. Evidently, a study comparing EBs and LBs on recognition vs. free 

recall is one of the many avenues to assess the general viability of the present analysis 
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and clarify tiie specific processing point (encoding or retrieval) at which the dual-task 

contingency here suggested exerts its effects most powerfiilly. This type of study has yet 

to be conducted. 

IV.b. Implications for CLT in Data-Driven Tasks 

Data-driven tasks in CLT studies have always been administered under implicit 

memory instructions; that is, instructions that do not make reference to a memory task or 

an encoding/study episode. Under these conditions, both CLT studies and priming 

research with MOs have traditionally assumed that performance on data-driven tasks 

relies on automatic perceptual processes that do not require attentional, conscious, or 

strategic resources at encoding or retrieval (e.g., Blaxton, 1989; Roediger, 1990; Parkin et 

al., 1990). 

However, implicit data-driven memory tasks appear to be as multi-factorial as 

most other cognitive and memory tasks, and evidence has began to emerge in 

monolingual priming research implicating a FLS component in some of these tasks. 

Some studies suggest that the word-stem completion task (WSCT) administered under 

implicit memory instructions involves not only perceptual processes but also strong 

semantic and lexical generation and selection processes that depend on FLS processes 

(Winocur et al., 1996; Nyberg et al., 1997). While the same studies suggest that implicit 

WFCT is more perceptually-based, fully dependent on the prime-target perceptual match 

and supported by posterior brain regions (Winocur et al., 1996; Nyberg et al., 1997), 

others suggest a more prominent role of conceptual and FLS resources in WFCT. For 
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example, priming in WFCT has been obtained after semantic/conceptual processing alone 

in the absence of prime-target perceptual match (e.g., Weldon, 1991) and reduced by 

dividing attention at study for fragments with multiple, but not with unique, solutions 

(Gabrieli, 1996, cited in Nyberg et al., 1997). Others have argued that implicit WFCT 

allows the involvement of intentional or strategic processes such as selection of candidate 

responses (e.g., Pemichet & Baveux, 1989). Furthermore, a review of priming studies 

with the WFCT and WSCT has suggested that the strategic FLS resources involved in 

encoding and/or the test tasks that require activation of semantic representations bring 

about awareness of the prime-target relationship (see Rybash, 1996). 

Hence, in MOs, semantic/conceptual processing appears to benefit priming in 

WFCT and involvement of this type of processing appears to call on strategic FLS 

resources that in turn make prime-target awareness more likely. The relevance of this to 

EBs and LBs' neuropsychological strategies for language processing and materialization 

of CLT in WTCT is clear. Because LBs' nonnative L2 alone relies on strategic FLS 

resources, one can expect their semantic elaboration, prime-target awareness and CLT on 

WFCT to be absent or lower than in EBs, who require limited or no strategic FLS 

resources for LI and L2 given the mostiy "Broca's neural strategy" supporting their 

languages. The greater availability of strategic FLS resources to EBs may enable them to 

better exploit elaborative processing at encoding and prime-target translative 

opportunities at test. This neuropsychological possibility may underlie the CCH's 

observation that EBs posses a greater tendency than LBs to focus on the semantic 

features of information and appear to be more aware of available translations (e.g.. 
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Lambert et al., 1958; Lambert, 1981; Aronsoon et al., 1982; Gekoski et al., 1982; 

Altarriba, 1990); this observation too predicts greater EB than LB CLT on WFCT, 

especially after semantic elaborative encoding. This is in line with the hypothesis 

suggested in section in that instances of "contaminated CLT", which proponents of the 

PVM-B have attributed to awareness-driven processes (e.g., Durgunoglu & Garcia, 1989; 

Heredia & McLaughlin, 1992; Watkins & Peynircioglu, 1983), may reflect the presence of 

EBs in the samples rather than the procedural factors invoked post hoc. 

Although central to PVM-B's explanations of "contaminated CLT', the 

occurrence of prime-target awareness in WFCT has always been invoked but never 

measured. This despite the fact that it has been implicitly assumed to always precede and 

form the conscious basis for the "contaminating" strategic translative activity that is 

thought to underlie CLT. Therefore, the theoretically important possibility of obtaining 

CLT without awareness of the prime-target relationship has been consistently ruled out a 

priori in PVM-B research employing the WFCT. This possibility, however, may not be 

unlikely. The PVM-B has always invoked prime-target awareness in WFCT after single 

word reading encoding (see Durgunoglu & Garcia, 1989; Heredia & McLaughlin, 1992; 

Watkins & Peynircioglu, 1983), a study condition that is unanimously viewed as strictly 

perceptual, involving no elaborative processing (Durgunoglu & Roediger, 1987; Smith, 

1991). Because MO priming research suggests that strategic FLS involvement and prime-

target awareness are less likely when the encoding and/or the priming test task are 

perceptual (for review, see Rybash, 1996), the PVM-B's central explanation of 

"contaminated CLT' in WFCT can be questioned. 
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Evidence of CLT without awareness would suggest that the mechanism 

underlying CLT is automatic, a proposal entirely in line with specific observations made 

about EBs. For example, automatic translation of the prime before presentation of the 

target is signiflcantly more common among bilinguals who developed both languages 

simultaneously since infancy (Altarriba, 1990). Presumably, COMs' two languages are 

interrelated through automatic translation (Gekoski et al., 1982) and. thus simultaneously 

activated even when processing material in one language only (Poplack, 1980). It may be 

that the neural overlap between LI and L2 in EBs implies equal automatic neural 

activation threshold for both languages. Collectively, the foregoing is compatible with the 

more general assumption that proponents of the CCH made more than 40 years ago, 

namely, that unlike C(X)s' languages, the two languages of COMs are organized as a 

unified linguistic memory system. 

rv.c. Language Use 

It is unclear whether the two bilingual neural strategies for language processing 

remain unchanged throughout the life of EBs and LBs. Common sense and informal 

observa t ion  sugges t  tha t  lack  of  use  of  a  nonnat ive  L2,  and  somet imes  even the  na t ive  LI ,  

temporarily decreases the fluency and accuracy with which it is processed. The question 

is whether language use changes the underlying neural strategy of the language in 

question. Given the analysis in the preceding sections, a change in the neural strategy of 

LBs' L2 would be expected to have consequences for CLT in explicit conceptually-

driven and implicit data-driven memory tasks. Without addressing the potential role of 
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language use, the CCH explicitly assumes that EB/COMs' unified conceptual/semantic 

system for LI and L2 words results fi'om the mere acquisition of language during the 

period of primary language development. However, without addressing the role of age of 

language acquisition, others (e.g.. Potter et a., 1984) have explicitly assumed that 

continued use of a L2 in everyday life situations is what fosters the development of a 

common conceptual/semantic representation for both lexical items in L2 and their 

corresponding LI translations. The question is whether this cognitive possibility is 

accompanied by a change in the underlying neural strategy of the languages in question. 

Availability or accessibility of an item for processing is said to be a function of 

the frequency and recency of its activation (i.e., how often and long ago was a word 

uttered, heard, or read) (e.g., Luria, 1973; Green, 1986). If an early-acquired native 

language relies on implicit learning and memory processes, the fluency benefits that 

result from continued use of that language may simply reflect a lowering of the activation 

threshold for that language given that implicit memory processes are especially sensitive 

to frequency and recency of activation (e.g., see Kirsner, 1994). However, it is unclear 

whether the obvious fluency benefits from continued use of a nonnative late-developed 

L2 reflects an improved efficiency of the same FLS neurocognitive resources or a change 

in its underlying neural strategy. Whatever the degree of implicit memory processing is 

involved in a late-leamt L2 (which, presumably, depends on how late the L2 was leamt), 

the question remains open as to whether and to what extent the remaining strategic 

portion of its neurocognitive substrate (i.e., FLS strategic resources supporting explicit 

memory processes) becomes implicit linguistic competence with increased language use. 
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Dehaene et al (1997) have argued that the widespread frontal activations noted in 

their bilingual fMRI study may gradually concentrate to the classical language areas as 

L2 competence increases with practice much like the pattern of iCBF activations in PET 

studies narrows as motor learning improves (from widespread prefrontal in the initial 

stages of acquisition to more focalized activations of sensori-motor and supplementary 

motor areas once skillful performance is achieved). However, it is yet to be determined 

whether the neurofunctional substrate of a late L2 follows a similar practice-related time 

course as motor learning. Although practice of a nonnative L2 in natural linguistic 

settings improves competence to a native or native-like state such that EBs and LBs can 

look linguistically the same, it does not convert explicit language knowledge into implicit 

linguistic competence (Paradis, 1994). The bilingual neuroimaging evidence at hand is in 

line with this observation and argues against Dehaene et al's (1997) hypothesis; as noted 

earlier, participants in the studies were equally fluent in both languages (which presumes 

extensive language use) and yet a different neural strategy emerged for native and 

nonnative languages, the latter relying on a more widespread FLS strategy while the 

former on a more focalized "Broca's neural strategy". According to Kim et al (1997), 

representations of languages that are formed in Broca's area through early-life repeated 

exposure may not be modified by subsequent patterns of exposure in life, while 

languages exposed to in adolescence may continue to necessitate the utilization of 

adjacent cortical areas. A similar conclusion emerges from electrophysiogical (ERF) 

studies addressing language development in MOs (e.g., Kuhl, 1994). 
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Furthermore, if language use or practice changes LB's L2 neural strategy to make 

it less dependent on strategic FLS resources, then their L2, like their LI, should not be 

affected by increased chronological age, given that MOs' general language ability is 

resistant to the aging process (Russo & Parkin, 1993). However, there is evidence that 

speaks against this; neurologically intact and functional elderly LBs appear to revert to 

their remarkably competent LI despite years of L2 use in their country of immigration 

(see Clyne, 1981; Neisser, 1984). Similarly, case studies with Alzheimer's patients 

suggest that, as disease progresses, L2 begins to deteriorate first (or more rapidly than 

LI) and patients revert to use their still better LI even when living in L2 social 

environments (see Hyltenstam & Stroud, 1989; Dronkers et al., 1986). That is, when FLS 

function naturally declines (as in the aging process) or becomes pathologically 

compromised (as in Alzheimer's disease and other forms of dementia), nonnative L2, but 

not LI, appears to become more cognitively taxing or clearly impaired. Evidently, if 

extended L2 practice/use changed L2's neural substrate to the naturally selected language 

areas, this correlation would not be as language-specific. Hence, use of a late-developed 

L2 may improve the efflciency, but may not change the neural substrate, of the strategic 

processes supporting that L2. Even after long periods of language use, nonnative L2 

appezirs to continue to rely on the same, albeit apparently more efficient, FLS 

neurocognitive resources that are as strategic, conscious, effortful, and vulnerable to 

interference as the efficient FLS resources supporting MOs' explicit conceptually-driven 

memory task performance. Obviously, this is a hypothesis open to empirical test, and can 

only be tested by statistically or experimentally manipulating the extent of L2 use (e.g.. 



54 

years using L2) in CLT research. The effects of an experimentally manipulated dual-task 

contingency on CLT, or even on memory performance in L2 only, could be analyzed 

when controlling for language use. However, to this date, "language use" has not been 

measured and/or included in the statistical data analysis of bilingual memory research. 
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V. HYPOTHESES 

The vast majority of bilingual memory research studies addressing the question of 

CLT have employed the FRT and LDT. There are no more than five published studies on 

CLT employing the WFCT, and as noted earlier, awareness-driven strategic translative 

processes have been suspected in at least four of those five. The unexpected CLT obtained 

in three of these studies has been attributed to such strategic processes, and the subject 

samples in two of these three appeared to involve an important number of EBs. 

Accordingly, the present study will focus on CLT in the WFCT. 

Briefly, the present experiment consisted of an encoding phase in Spanish and a test 

phase in English. The encoding phase consisted of three encoding conditions. The Read 

condition, where participants simply read isolated words, has been implemented in at least 

three studies yielding mixed CLT results on the WFCT. The other two study conditions, 

imagining the word's referent (i.e., the Imagine condition) and inferring a word from a 

sentence (i.e., the Sentence condition) have been implemented only once, each in a separate 

study, each yielding different CLT results on WFCT which ranged from absence of CLT 

effects after Imagine to presence of CLT of variable magnitude across samples after 

Sentence encoding. 

One can see the encoding conditions in the present study as involving di^erent 

degrees of elaborative processing. Under the CCH, EBs and LBs are expected to 

differentially exploit these opportunities for elaborative processing and accomplish different 

degrees of CLT in the WFCT, the type of task that proponents of the PVM-B think 

precludes CLT in all bilinguals regardless of their EB-LB status and the encoding conditions 
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they are exposed to. The following describes the predictions under the CCH and the PVM-B 

in each encoding condition. 

Read condition: Encoding conditions identical (e.g., Durgunoglu & Roediger, 1987) 

or similar (e.g.. Smith, 1991, exp. 2, List study) to the Read condition in the present 

experiment have produced no statistically significant CX,T on WFCT. From a PVM-B 

perspective, this condition assumes processing to be limited to the perceptual form or lexical 

level of words, allowing no semantic elaboration (e.g.. Smith, 1991; Durgunoglu & 

Roediger, 1987). There being a study-to-test change in lexical/word form (i.e., Spanish-to-

English), the specific perceptual/lexical forms activated at encoding cannot be accessed at 

test, and thus CLT is precluded (see Smith, 1991; Durgunoglu & Roediger, 1987). 

Accordingly, because under the PVM-B all bilinguals are the same, the EB-LB status of 

participants is irrelevant to CLT, and thus all bilingual participants in the experiment are 

expected to show no (XT for words studied in this condition. 

However, an encoding condition identical to the Read condition in the present 

experiment was associated with unexpected significant CLT in two other WFCT 

experiments where the effect was attributed to prime-target awareness-driven translation 

processes (Heredia & McLaughlin, 1992; Durgunoglu & Garcia, 1989). Because, as noted 

in section m of the present study, approximately 60% of the participants in one of these 

experiments appeared to be EEs (see Durgunoglu & Garcia, 1989), and the CCH argues that 

EEs are more likely to adopt a semantic processing strategy and translate whereas LEs focus 

on the perceptual/lexical features of information, then the CCH predicts CLT for EEs and no 

CLT at all for LEs. 
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Clearly, because the PVM-B assumes that the Read condition offers no opportunities 

for semantic processing, evidence of CLT in EBs would suggest that their alleged 

semantic/translative strategy is self-initiated. Similariy, because PVM-B's post hoc 

explanations of CLT in WFCT rely on the notion of prime-target awareness, then evidence 

of CLT is expected to be proportional to evidence of awareness of this relationship. 

Imagine condition. Unlike the Read condition. Imagine encoding is thought to 

involve semantic/conceptual elaborative processing, but like the read condition, it does not 

involve the processing of the English word forms to be encountered in the WFCT at test 

(Smith, 1991). Accordingly, in line with the PVM-B's argument that the WFCT is 

insensitive to semantic/conceptual elaboration and sensitive to encoding-to-test changes in 

word/lexical forms. Imagine encoding did not produce CLT in the only WFCT experiment 

in which it has been implemented (i.e., Durgunoglu & Roediger, 1987). Hence, all bilinguals 

being the same under the PVM-B, all bilinguals in the present experiment regardless of EB-

LB status are expected to display no CLT for words studied in the Imagine condition, thus 

mirroring results expected for the Read condition. 

However, the subject sample in the only experiment in which this encoding 

condition has been implemented was a heterogeneous and uncharacterized group of 

bilinguals. Because imaging the referent of a word requires thinking about the meaning of 

the word (Smith, 199; Durgunoglu & Roediger, 1987) EBs are more likely than LBs to 

exploit semantic/meaning and translate, then CLT can be accomplished by EBs but not by 

LBs. Thus, in the Imagine condition of the present experiment, the CCH predicts evidence 

of CLT in EBs but not in LBs. 
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Because PVM-B's post hoc explanations of CLT in WFCT rely on the notion of 

prime-target awareness, evidence of awareness of this relationship is expected to accompany 

evidence of CLT. 

Sentence condition. Sentence processing involves "integration" of semantic 

elaborative processing, a feature which has been distinguished from "pure" semantic 

elaborative processing alone (see Smith, 1991). According to this distinction, while both 

Imagine and Sentence conditions involve semantic elaborative processing, only sentence 

processing offers integrative processing (Smith, 1991). The implication is that semantic 

elaboration per se, such as that induced by the Imagine condition, is not a sufficient 

condition for the recruitment of semantic information during word-fragment completion 

(Smith, 1991). According to this revision of the PVM-B (see Smith, 1991), initial study 

must involve integrative processing, which is generated only through sentence-level 

processing, in order to obtain CLT in the WFCT. Indeed, as noted earlier, CLT was not 

obtained in the only experiment that has implemented the Image condition (Durgunoglu & 

Roediger, 1987). In contrast, significant CLT was obtained in the only study that 

implemented the Sentence encoding (Smith, 1991). Accordingly, in the present experiment, 

a task-centered view assumes EB-LB status to be irrelevant to CLT, and predicts that 

comparable levels of CLT will be obtained in both EBs and LBs after Sentence encoding. 

Similarly, it predicts that CLT will be obtained for words from the Sentence condition but 

not for words firom the Imagine condition regardless of EB-LB status of participants. 

However, the subject sample in E)urgunoglu & Roediger's (1987) study was 

heterogeneous and uncharacterized, and the magnitude of the CLT effects in Smith's (1991) 
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study varied significandy across samples, which also were not characterized in terms of 

CCH relevant variables. Although the variable level of CLT could have been due to the 

procedural factors suggested in Smith's (1991) study (i.e., greater study and test time in 

experiment 1 than 2), the study did not explore the possibility that participants in the two 

samples differed in CCH-relevant dimensions and that these contributed to CLT. It is worth 

noting that translative processes were suspected to play a role in the sample in which the 

highest level of CLT was obtained (see Smith, 1991). If the EB-LB is a distinction relevant 

to CLT, the CCH predicts that only EBs are able to accomplish integrative semantic 

elaboration after Sentence encoding, and thus CLT in WFCT should be obtained only with 

EBs not with LBs. 

Here too, because PVM-B's post hoc explanations of CLT in WFCT rely on the 

notion of prime-target awareness, and awareness-driven translation processes were not 

unequivocally ruled out in Smith's (1991) study, then evidence of CLT is expected to be 

proportional to evidence of awareness of this relationship. 

In summary, the CCH predicts significant CLT across all encoding conditions for 

EBs but not for LBs. In contrast, the original PVM-B (as submitted by Durgunoglu & 

Roediger, 1987) predicts absence of CLT in EBs and LBs across encoding conditions. If 

evidence of CLT is obtained in any encoding condition, this should always be 

accompanied by evidence of prime-target awareness and use of translation. The revised 

PVM-B (as submitted by Smith, 1991) predicts that both EBs and LBs alike will obtain 

equal level of significant CLT in the Sentence condition only; it predicts absence of 

significant CLT in the Read and Imagine conditions for both EBs and LBs. 
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VI. M E T H O D 

Participants: 

Participants for the present study were Spanish-English bilinguals from four 

different sites in the cities of Tucson and Phoenix, Arizona. In Tucson, participants were 

recruited and tested at the University of Arizona main campus. In Phoenix, participants were 

recruited and tested at the Arizona State University main campus, the Centro Cultural 

Mexicano Phoenix, and The Bilingual Elementary Learning Center. Participation of all 

participants in the study was voluntary; no participant received monetary compensation or 

academic/research credit. Participants were recruited by word of mouth, social clubs, flyers, 

and via e-mail listservs. 

Participants meeting the following criteria were invited to participate in the study; 

males and females between the ages of 18 and 45, with completed high school or higher 

educational level, who reported Spanish as the first language (LI) and English as the second 

language (L2). A total of 91 participants were seen for the study. However, of these, 27 

were excluded due a number of factors: participants were studying English language at the 

time of the experiment; their school or professional activities were in the areas of 

psychology, psycholinguistics, or speech and language; participants were trilingual or 

multilingual; did not complete the experimental tasks (voluntarily withdrew fix>m the 

experiment, did not have time to complete, etc.); could not read the sentences in Spanish 

fluently (telegraphic, syllabic reading, etc.); could not sound out the single item words 

correcdy (five or more errors in at least two of the three encoding conditions); low and/or 

unbalanced language abilities in English and Spanish (e.g., obtained less than 50% correct in 
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a translation task and/or showed a discrepancy of 40 or more points between their oral and 

written translation ability in the translation task, rated themselves as dominant in one 

language as reflected in discrepancy between languages of three or more points in the 

language self-rating task, etc.); endorsed positive history of learning difficulties, psychiatric 

or neurological disorder, or current use of illicit drugs. 

The 64 participants included in the data analysis of the present study were selected 

to form a group of 32 EBs and a group of 32 LBs. Table 1 shows the demographic 

characteristics of the EB and LB samples. The two samples were essentially equivalent in 

terms of age, sex and global education (this latter defined as the total number of years of 

school instruction completed regardless of the language in which instruction was 

received). The preponderance of females in the EB group did not reach significance 

between groups. Only two EB and one LB participant regarded English as their LI and 

Spanish as their L2. The remaining 61 participants (95%) in the total sample reported 

Spanish as their LI and English as their L2. 

Table 1 
Demographic characteristics of EB aiMi I.B groups 

EB 
D=32 

LB 
0=32 

Chronological age 27 
(5.4) 
16 
(2.7) 
20 

29 
(5.0) 
17 
(3.1) 
17 

Education^ 

Females^ 

Spanish Ll^ 
English L2' 
English LP 

30 
30 
2 

31 
31 

Age exposed to L2' 2.S 
(2.0) 

9.7 
(3.1) 

1. 2 and 7; mean years (standard deviatian). 3.4, & 5: fiequencies. 
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Membership in the EB group was contingent upon having begun development of 

both languages before age 6 (two participants in this group reported the onset of their L2 to 

be at age 6, and thus are exceptions). A subject was classified as LB if his/her development 

of L2 began after age 7 (three participants in this group reported the onset of L2 to be at age 

7, and thus are exceptions). Although an effort was made to select LB who acquired L2 no 

later than age 15, two participants in this group considered the onset of their L2 to be at age 

17 and 18 (despite the fact that both had gained exposure to L2 at a much earlier age, 10 and 

11 yrs, respectively). This reflects the well-known fact that establishing the boundaries for 

the age of language acquisition (AOLA) has been one of the methodological challenges 

encountered in the implementation of the CCH (e.g., see Diller, 1974; Long, 1990; 

Bialystok & Hakuta, 1994; Obler & Hannigan, 1996). The AOLA boundaries for the present 

study fall within the AOLA range employed in many of the early CCH studies where EB-

LB differences in cognitive/memory task performance emerged and bilingual language 

ability was thought to be "highly fluent" and/or "highly proficient" (e.g., Vaid, 1984; 

Genesee et al., 1978; Lambert & Rawlings, 1969; Lambert, 1969; Lambert et al., 1958; 

Poplack, 1984). These AOLA boundaries also accord with more recent reviews on the 

notion of maturational constraints for LI and L2 development addressed under the headings 

of "period of primary language development" or "sensitive/critical period for language 

development" (e.g., Genesee, 1993; Paradis, 1998; Obler & Hannigan, 1996; Long, 1990). 

Materials: 

The 68 Spanish words employed in the present study were selected to name high 

frequency and easily imageable objects, be translatable into only one English word form. 
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and allow the construction of a simple direct sentence in Spanish from which the word could 

be easily inferred. Accordingly, 50 of the 68 words were drawn from the pool of 138 

Spanish and English translation words employed by Durgunoglu & Roediger (1987). These 

words were said to name high fiiequency, easily imageable stimuli, and the accuracy and 

uniqueness of their translation equivalency was tested with samples of participants from 

various South American countries (see Durgunoglu & Roediger, 1987). Of the remaining 18 

words, 9 came from the pool of French and English words employed by Smith (1991). The 

p>ool of words from these two studies is very similar; one third of the words employed by 

Smith (1991) had been employed by Ehirgunoglu & Roediger (1987). The remaining 9 

words were selected from different commercially available test instruments designed to 

assess memory and/or language abilities in Spanish. 

To assess the subjective degree of fluency and imageability of the 68 Spanish 

words, these were presented to a small pilot group of bilingual individuals who were asked 

to rate each word on a five-point scale ranging from l=very hard to visualize/form a mental 

image to 5= very easy to visualize/form a mental image (the same scale was used for 

subjective frequency: from very uncommon/unfamiliar object to very common/familiar 

object). These bilingual individuals came from various Central and South American 

countries and were also asked to translate each Spanish word into English to ensure that 

only one English word-form translation was possible. All English translations were 

noncognate. Sixty-eight short direct Spanish sentences were constructed (one for each 

Spanish word) to accord with the same sentence structure employed by Smith (1991). The 

same pilot group of bilinguals was employed to determine the degree of difficulty and 
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accuracy of the inferences allowed by the sentences constructed. These pilot groups of 

bilinguals did not participate in the experimental tasks of the present study. 

The English translations of the 68 Spanish words selected ranged in length from S to 

9 letters. The words were divided into four sets of 17 words each. Because the English 

translations were the words employed as stimuli in the WFCT, each set of 17 words was 

carefully constructed to contain equal number of English translations S to 9 letters long, 

(i.e., English word length was equal in all word sets). For the SO Spanish words from the 

Durgunoglu & Roediger's (1987) word pool, the present study employed the corresponding 

50 English word fragments developed and employed by Durgunoglu & Roediger (1987). 

Empirical tests and judges-ratings had confirmed that only one solution existed for each of 

these word fragments (see Durgunoglu & Roediger, 1987). The remaining English word 

fragments were constructed for the present study and tested for single solution in a separate 

small group of bilinguals fix>m various Central and South American countries (Appendix A 

presents examples of the Spanish words and their English translations and corresponding 

English word fragments, and the Spanish sentences constructed for the present study). 

Design: 

The experiment consisted of a study phase in Spanish and a test phase in English. 

There were three study or encoding conditions: a).- Read.* the subject simply read a Spanish 

word; b).-Imagine.- the subject had to form a mental image of the referent of a Spanish word; 

and c).-Sentence; the subject had to infer a Spanish word from a sentence in Spanish. 

Word/items for each study condition were each presented to the subject on a separate white 

sheet of computer paper (words were in 16-point font size) placed on the desk in front of the 
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subject (stimuli sheets were in a binder). There were 17 items to be studied in each study 

condition, thus each subject studied 51 items total for the three encoding conditions, and 

these were presented in blocks, each block corresponding to each study condition. A fourth 

set of 17 words was employed as the baseline nonstudied condition for each subject, and 

thus participants never studied this set. Each set of 17 words was used as a Read, Imagine, 

Sentence, and Nonstudied stimuli set. The order of the Read and Sentence study conditions 

was counterbalanced across participants. However, to prevent the possibility of carry-over 

effects by the Imagine condition on subsequent encoding conditions, the Imagine condition 

was always administered as the third and last encoding condition for all participants. Thus, 

to ensure that each of the 4 word sets appeared as a Read, Imagine, Sentence, and 

Nonstudied material within this partial counterbalancing scheme, 8 different condition-

administration sequences were created (all sequences having the Imagine condition last). 

Each set of 8 sequences represented one replication, each set of sequences was repeated 4 

times within each EB and LB group for a total of 32 participants in each group. 

Immediately after completing the study phase all EB and LB participants were 

administered the WFCT in English. There were 68 total English word fragments each 

presented on a separate white sheet of computer paper placed on the desk in front of the 

subject (each word fragment in 16-point font size; stimuli sheets were in a binder). These 

word fragments were the 51 English noncognate translations of the 51 Spanish words from 

the three study conditions, and 17 additional English word fragments that were the 

translations of the Spanish words not studied in any of the three encoding conditions (i.e., 17 

nonstudied item fragments). The 51 studied item word fragments were presented in the same 
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counterbalanced order in which the words were studied (to ensure a constant prime-target 

interval for all items), but the 17 nonstudied items were randomly distributed among the 

studied items. This set of 17 nonstudied item fragments served as control items for each 

study condition to assess degree of CLT in each subject. 

Hence, the experiment was arranged according to one between-subject factor (EB-

LB status) and one within-subject factor (Read, Imagine, Sentence, and Nonstudied), thus 

corresponding to a 2 (groups) x 4 (conditions) mixed factorial design. 

Procedure: 

The experimental session began with the subject reading the Subject Consent 

Form (see Appendix B). Questions elicited by the consent form were answered at this 

point, and participants signed the form only after ail questions had been addressed. 

Participants were told that no questions were allowed during the tasks to be performed. 

Subsequentiy, instructions for the first encoding condition were presented. 

1.- Study instructions were given before the set of words for a given study 

condition was presented. Instructions for each study condition were given in Spanish and 

emphasized that a new and different task was about to begin. Immediately after 

presentation of the last word in a study condition, instructions for the next study 

condition were presented (again, emphasizing that a new and different task was about to 

begin). There was no time between each study condition (except for that needed to 

present instructions corresponding to the study condition in turn). Study conditions were 

carried out without explicit reference to a memory task to be administered at test (i.e., 

without instructions to prepare for a later memory test). 
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Read; In this condition participants were asked to name in normal volume speech 

a Spanish word printed in the center of the white sheet of paper. The word was visually 

available to the subject no more than 10 seconds (the experimenter turned the page to 

show a new word every 10 seconds); participants were not told the duration of the study 

interval allowed for each word. 

Imagine: In this condition a word was presented in Spanish just like in the Read 

Spanish condition. That is, the word was visually available to the subject for normal volume 

naming and participants were instructed to form a mental image of the word's referent The 

study time restrictions in this condition were the same (10 sees.) as in the Read condition 

(i.e., the experimenter turned the page to show a new word every 10 seconds). 

Participants were not told the duration of the study interval allowed for each word. 

Sentence: In this condition the subject was asked to read in normal speech volume 

a short sentence in Spanish printed in the center of the white sheet and make the relevant 

inference. Participants were told that the subject of each sentence implied a particular 

item and that their task was to make that inference (i.e., to infer the subject of the 

sentence). The study time restrictions in this condition were the same (10 sees.) as in the 

Read and Imagine conditions (i.e., the experimenter turned the page to show a new 

sentence every 10 seconds). Participants were not told the duration of the study interval 

allowed for each sentence. 

2.- Immediately after completing the last study condition, the subject was 

presented with the WFCT in English. There was no time between the end of the last study 

condition and the beginning of the WFCT, except for the time needed to present the 
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instructions for the WFCT. Instructions for the WFCT were given in English and 

emphasized that a new and different task was about to begin. Instructions for the WFCT 

did not make reference to the Spanish words just studied (i.e., participants were not asked 

to recall anything). Participants were not told that the Augments in the WFCT were the 

noncognate translations of the Spanish words studied. Participants were instructed to 

complete each fragment with the first English word that came to mind (they had to name 

the word in normal speech volume). Thus, the WFCT was administered as an implicit 

measure of memory. 

Each English word fragment was visually available to the subject for no more 

than 15 seconds. That is, the experimenter turned the page to display the next word 

fragment every 15 seconds regardless of the presence or absence, or quality, of response 

during the 15-second interval (only the first response, correct or incorrect, given by the 

participant to the fragment was recorded to enter the data analysis). Participants were not 

told that each fragment was visually available for 15 seconds. Because the English word 

fragments were presented in the same counterbalanced order in which the Spanish words 

were studied, the time between the initial study and test of a given item was relatively 

constant for all items across participants. 

3.- Immediately after completing the last word fi^gment administered, 

participants were asked to express questions, comments, or observations (if any) about 

the tasks completed. Informadon gathered during this open-ended, unstructured 

"Comments Section" of the experiment was used to derive part of the data on awareness 

of the prime-target relationship and the use of translation (data on prime-target awareness 
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were also collected during the administration of the WFCT). Appendix C describes in 

detail the procedures to obtain data on the prime-target awareness and use of translation 

variables. Subsequently, participants were asked to respond to the orally administered 

Demographics Questionnaire where, in addition to questions about age of LI and L2 

acquisition, participants were asked to rate their own language ability (see Appendix D). 

After completion of the Demographics Questionnaire, participants were asked to 

complete the Translation Task in which they were presented with the 68 Spanish words 

employed in the experiment printed on a white sheet of computer paper (in list format) 

and were asked to orally produce the English translation of each Spanish word and write 

the translation next to the word. Because the Demographics Questionnaire was 

administered at the end of the experimental session, the experimenter was blind to the 

participants' bilingual status (EB or LB) before and during administration of the 

experimental tasks and the "Conmients Section" of the study. The complete experimental 

session had a total duration of 60 to 75 minutes per subject. 

Data Analysis: 

The main independent variables in the present study were bilingual status (i.e., EB 

and LB, manipulated as a between-subject variable) and type of encoding (i.e., Nonstudied, 

Read, Sentence, and Imagine, manipulated as a within-subject variable). The main 

dependent variable was CLT in each encoding condition (i.e.. Read, Sentence, and Imagine). 

The magnitude of CX.T was assessed through a within-subject approach. That is, CLT scores 

were computed by subtracting the completion rate for nonstudied baseline fragments from 

the total proportion correct completion in a given encoding condition. The same nonstudied 



70 

baseline completion rate was employed to compute the CLT effect in each condition 

separately for each subject 

Additional variables of interest included measures of: a).- Spontaneous prime-target 

awareness (reflects the number of participants spontaneously reporting and/or admitting to 

having become aware of the translative relationship between prime and target words); b).-

Degree of prime-target awareness (measured as percentage, it reflects the participants 

subjective estimation of the proportion of word fragments they thought were the translations 

of the studied words); and c).- Spontaneous translation (reflects the number of participants 

spontaneously reporting and/or admitting to having translated the prime and/or target 

words). (See Appendix C for more details on the operationalization of these variables). 

To evaluate the effects of bilingual status and encoding conditions on WFCT 

performance, data on the proportion of word fragments completed were submitted to a 

mixed factor analysis of variance (ANOVA), with group membership (EB vs. LB) as the 

between-subject factor and study condition (Read, Imagine, Sentence, and Nonstudied) as 

the within subject factor. Subsequently, to present a cleaner picture of the magnitude of the 

CLT effects obtained under each encoding condition, data for CLT was submitted to a 

mixed factorial analysis of variance with group membership (EB vs. LB) as the between-

subject factor and study condition (Read vs. Imagine vs. Sentence) as the within-subject 

factor. Specific between-group (EB vs. LB) and within-group contrasts (Read, Sentence, 

and Imagine) were performed as relevant to the CLT hypotheses outlined for each encoding 

condition. 



71 

Vn. RESULTS 

VII.a. Language and education 

As expected, EBs were exposed to English at a significantly earlier age (2.5 yrs) 

than LBs (9.7 yrs), F(1,62)=113.26, MSc=7.29, p<.05 (see Table 1). Table 2 shows that 

EBs and LBs were almost identical in most language-related dimensions. However, not 

all bilinguals in the sample had used English continuously in their lives. Both EBs and 

LBs alike reported periods of time (e.g., ranging from 1 to 8 years, not always 

consecutive years) during which they did not use English firequendy enough to consider it 

"meaningful English language use" (Appendix D describes the procedure to quantify this 

subjective report and other variables listed in table 2). Nevertheless, analysis of variance 

(ANOVA) confirmed that EBs had used English for a greater number of years, 

F(l,62)=9.15, MSe=58.40, p<.05, and completed more years of school instruction in 

English than LBs, F(l,62)=5.54, MSc=26.25, p<.05. However, they had completed fewer 

years of education in Spanish than LBs, F(l,62)=5.39, MSc=36.66, p<.05. In terms of 

self-ratings of English and Spanish language ability. Table 2 shows that both samples 

were essentially equivalent except in the ability to speak English, which LBs rated as 

slighUy but significantly lower than EBs, F(l,62)=4.55, MSc=0.66, p<.05. However, on 

the direct behavioral measure of language translation, the two groups demonstrated 

equivalent translation ability both in the oral and written modalities. The two groups did 

not differ in any of the other variables listed in Table 2. 
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Table 2 
Education and language chanicteriatics of EB and LB groups 

EB LB 
B=32 •1=32 

Education in English' 11 8» 
(5.5) (4.6) 

Education in Spanish- 5 9* 
(6.0) (6.0) 

English use^ 19 13* 
(7.8) (7.4) 

Spanish use^ 25 28 
(7.9) (6.5) 

Self-ratings': Speak English^* 4.6 4.2» 
(.70) (.92) 

Speak Spanish 4.6 4.5 
(.59) (.56) 

Read English 4.7 4.4 
(.56) (.76) 

Read Spanish 4.4 4.5 
(.63) (Jl)  

Write English 4.4 4.1 
(.67) (.97) 

Write Spanish 4.1 4.4 
(.72) (.63) 

Translation task*: Oral .86 .82 
(.08) (.10) 

Written .83 .78 
(.08) (.12) 

I, 2, 3.4: mean years (standard deviation). 5: mean self-ratings ranging from 
1-S (standard deviations). 6; mean scores ranging from 0.0-1.0 (standard 
deviations). 'Indicates significant EB vs. LB mean difTerences at p<.05 
obtained for 1,2. 3 and 5-a only. 

vn.b WFCT data 

Table 3 shows the mean proportion of word fragments completed (WFCT) by 

EBs and LBs in each encoding condition, including the nonstudied condition. 
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Table 3 
Word Fragment Completion Task fWFCT) 

EB 
n=32 

LB 
n=32 

Nonstudied .37 
(.09) 

.35 
(.14) 

Read .52 
( .11)  

.35 
( . 1 1 )  

Sentence .57 
(.14) 

.40 
( .11)  

Imagine .57 
( .11) 

.37 
(.11) 

Mean word fragment completian rate (standard deviatioa) in 
each bilingual slams group and encoding condition. 

The first step in the data analysis was to evaluate the effects of bilingual status and 

encoding conditions on WFCT performance (i.e., the proportion of word fragments 

completed). Data from Table 3 were submitted to a 2 x 4 mixed factor analysis of variance 

with bilingual group status (EB vs. LB) as the between-subject factor and encoding 

condition (Nonstudied, Read, Imagine, Sentence) as the within-subject factor. 

This analysis revealed significant main effects of bilingual status, F(l,62)=39.53, 

MSe=0.03, p=.00\, and encoding condition, F(3,186)=22.06, MSe=0.00, p=.005, and a 

significant bilingual status-by-encoding condition interaction, F(3,186)=9.96, MSe=0.00, 

p=.005, indicating that the effects of encoding conditions on WFCT varied depending on 

the bilingual status of participants 

To further examine the pattern of differential encoding effects on the WFCT of 

EEs and LBs, separate one-way repeated measures ANOVA were conducted within each 

bilingual status group. These analyses confirmed the significant main effects of encoding 
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condition for EBs, F(3,93)=27.06, MSc=.01, p=.005, and LBs, F(3,93)=2.59, MSc=.00, 

p=.05. Specific comparisons via Tukey's HSD tests within the EE group revealed that 

fragment completion rate was significantly lower in the Nonstudied condition relative to 

the Read, Sentence and Imagine encoding conditions (p<.05 in all cases). This suggests 

that the English representations of the material presented for encoding in Spanish were 

activated and retrieved above baseline during the WFCT in English, thus indicating that 

EBs accomplished CLT across all encoding conditions. In contrast, Tukey's HSD tests 

within the LB group revealed that only the marginal difference between Nonstudied and 

Sentence condition was significant (/7=.05), indicating that only Sentence encoding 

produced CLT in LBs. This differential pattern of encoding effects in EBs and LBs 

cannot be attributed to group differences in baseline completion rates, as EBs and LBs 

did not differ significantly in terms of completion rates for nonstudied items, 

F(l,62)=0.74, MSe=.01,p=0.40. 

VII.c. CLT data 

Table 4 presents the actual mean CLT obtained by EBs and LBs in each encoding 

condition (CLT scores were computed by subtracting the completion rate for nonstudied 

fragments from the total proportion correct completion in each encoding condition 

separately). The first step in data analysis was to assess the effects of bilingual status and 

encoding on CLT and the potential bilingual status-by-encoding condition interaction. 

Accordingly, data from Table 4 were submitted to a 2 x 3 mixed factorial ANOVA with 

bilingual status (EB vs. LB) as the between-subject factor and encoding conditions (Read, 
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Sentence, and Imagine) as the within-participants factor. This analysis revealed 

significant main effects of bilingual status, F(l,62)=60.83, MSe=I.24, p=.005, and 

encoding condition, F(2,124)=7.47, MSe=.01, /»=.001, but the bilingual status-by-

encoding condition interaction did not reach significance, F(2,124)=.18, MSe=.01, p=.83. 

Table 4 
CLT effects on the WFCT* 

EB LB 
n=32 n=32 

Read .14 .01 
(.08) (.09) 

Sentence .20 .05 
(.12) (.11) 

Imagine .20 .02 
(.12) (.13) 

*CLT score was obtained by subtracting 
the Sanstudied baseline completion rate 
fiom the total proportion correct rate of 
fragment completion in each encoding 
condition. 

Data analysis next focused on the question of whether CLT within each bilingual 

status group was different across encoding conditions. Separate one-way repeated 

measures ANOVA within each bilingual group confirmed significant effects of encoding 

conditions for EBs, F(2,62)=3.15, MSe=.01, p=.05, and LBs, F(2,62)=4.74, MSe=.00, 

/7=.01. Tukey's HSD tests within the EB group confirmed that the Read condition 

produced significandy less CLT than the Sentence (p<.05) and the Imagine (/k:.05) 

conditions, these latter two producing identical degree of CLT (i.e., not significantly 

different). In the LB group, Tukey's HSD tests confirmed that the marginal yet 

significant CLT in the Sentence condition was significandy higher than in the Read and 



76 

Imagine conditions, the difTerence between these latter two failing to reach significance. 

Thus, in EBs, encoding conditions involving semantic/elaborative processing (i.e.. 

Sentence and Imagine) led to significantly greater CLT than the condition presumably 

involving no semantic elaboration (i.e.. Read). However, elaborative processing alone 

(i.e.. Imagine) did not produce lower CLT than elaborative integration processing (i.e.. 

Sentence). In contrast, only elaborative integration processing (Sentence) led to CLT in 

LBs. However, elaborative integration (Sentence) did not lead to the same level of CLT 

in EBs and LBs. An independent sample t test confirmed the CLT advantage of EBs after 

elaborative integration processing, /(62)=4.93, p<.05. 

The general pattern of results also suggests that CLT did not result from carry

over effects across encoding conditions. Similarly, having always administered the 

Imagine condition last (unlike the Read and Sentence conditions, which were 

counterbalanced) did not affect CLT (i.e., did not result in a CLT advantage for items 

imagined relative to items read or inferred from a sentence). 

VII.d. Language Use and CLT 

Table 5 shows that, in the total sample (n=64), CLT in the Sentence and Imagine 

conditions correlated significandy with variables that can affect language processing, 

namely, English speaking ability based on self-ratings (i.e., English Speak) and years of 

English language use (i.e., English Use). Because EBs and LBs differed significantly on 

these variables (see Table 2), the question arises as to whether EB-LB differences in CLT 

were due to unequal English use or unequal English Speaking ability between the groups 
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rather than the EB-LB status of participants (CLT did not correlate significantly with any 

of the other variables in Table 2 in which EB-LB differences were found). 

Table 5 
Correlations between CLT and Engiis*' iMiiyiigye use and sneaking ability 

Sentence Imagine 
CLT CLT 

English Speak .43* .50* 
English Use .39* .43* 

'Indicates significant Pearson's correlation al p<.OS level Booferroni adjusted for multiple comparisons. 

The theoretical significance of English Use is clear: If continued use of a L2 in 

everyday life situations is what fosters the development of a common 

conceptual/semandc representation for both the lexical items in L2 and their 

corresponding LI translations (see, e.g.. Potter et al., 1984), then the CCH's assumption 

that EB/COMs' unified conceptual/semantic system for LI and L2 words results from 

acquisition of language during the period of primary language development is challenged. 

To test this possibility, separate analyses of covariance (ANCOVA) were conducted on 

the CLT data from the Sentence and Imagine conditions entering Speak English and 

English Use as covariates. For the Sentence condition, the analysis revealed that the EB-

LB group effect on CLT remained significant, F(1,60)=17.80, MSe=.OI, p<.05, but a 

significant effect was obtained for English Speak, F(l,60)=6.27, MSe=.01, p<.05. For the 

Imagine condition, the EB-LB effect on CLT remained significant, F( 1,60)= 18.41, 

MSe= 01, p<.05, but once again, a significant effect was obtained only for English Speak 
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F( 1,60)=7.89, MSc=.01, p<.05. Thus, the EB-LB differences in CLT after Sentence and 

Imagine encoding cannot be fiiily accounted for by EB-LB differences in English 

Speaking ability. Similarly, the groups' differences in English Use were inconsequential 

to their differential CLT in these encoding conditions. 

VII.e. Awareness, Translation and CLT 

Table 6 shows data relevant to spontaneous prime-target awareness and 

spontaneous translation in EBs and LBs during the experimental session. More EBs than 

LBs spontaneously reported and/or admitted to being aware of the translative relationship 

between primes and targets and their awareness of this relationship was also more 

extensive than LBs'. That is, EBs and LBs estimated that 51% and 27%, respectively, of 

the word fragments were the translations of studied words, this difference reaching 

statistical significance, F(l,40)=5.90, MSc=598.46,p=.02. Similarly, more EBs than LBs 

spontaneously reported and/or admitted to translating items at different points during the 

experimental session. Because EBs and LBs did not differ in terms of translation ability 

(see Table 2), these findings may not reflect a lower translation ability or unavailability 

of the translation representations in LBs. 

Table 6 also shows data on the experimental phase at which translation took place 

(encoding or test or both). Because only a small minority of EBs translated at test, 

translation did not depend on prime-target awareness in the majority of EBs that 

translated. In contrast, it appears that awareness of the prime-target relationship played a 

more prominent role in LBs' translation because the majority of LBs that translated did 
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so at test. Because WFCT was administered under implicit memory instructions in the 

present study, one cannot appeal to a procedural contaminating factor to argue that EBs' 

translated at encoding in preparation for a memory test in the other language. The fact 

that more EEs than LBs reported having used translation at encoding only (and/or 

combined encoding and test) suggests that the two types of bilinguals simply process 

language material differently even when the two groups are given the same set of task 

instructions. Appendix C describes the procedures to obtain data for the variables 

presented in Table 6. 

Table 6 
Awareness anil tranadatinn in WFCT by bilingual gtatiis 

EB LB 
n=32 n=32 

Spontaneously aware 30 12 
Degree of awareness * 51% 27% 

(25.9) (19.5) 
Specific awareness of: 

Read 1 0 
Sentence 11 8 
Imagine 8 0 

Sentence & Imagine 10 4 

Spontaneous translation 25 10 
Timing of Translation; 

Encoding 8 1 
Test 3 6 

Encoding & Test 14 3 

Daia for all variables, except 'Percent Awareness', reflect number of participants. 
Percent Awareness: participants' estimaied percent of word fragments that were 
the English translations of the studied Spanish words; values in the table reflcct the 
mean percent based on the number of Spontaneously Aware participants in each 
bilingual status group (standard deviation);*Significant EB-LB diflieience at p=.Q2. 
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vra. DISCUSSION 

Collectively, the results from the present study are at variance with the PVM-B 

originally formulated by Durgunoglu & Roediger (1987), which predicts absence of CLT 

in WFCT across encoding conditions for all bilingual participants regardless of their 

bilingual status (EE or LB). While Smith's (1991) revision of the PVM-B can 

accommodate the finding of significant CLT after Sentence encoding for both EBs and 

LBs, it cannot explain the fact that EBs and LBs obtained significantly different level of 

CLT in the same Sentence condition. 

Results for the Read condition are in line with the CCH, which predicts presence 

of CLT in EBs and absence of CLT in LBs. The magnitude of the nonsignificant CLT 

obtained for LBs (.01) is very similar to the nonsignificant CLT of .04 obtained by 

Durgunoglu & Roediger (1987) under the same Read encoding condition in a sample of 

participants whose bilingual status was not specified. Because Durgunoglu & Roediger 

(1987) and the present study employed very similar time to encode each word (8 and 10 

sees/word, respectively), the CLT difference between EBs and LBs in the present study 

suggests that their sample composition was predominanUy LB. 

The magnitude of the significant CLT in the EB group of the present study (.14) is 

practically identical to the unexpected significant CLT (.13) obtained by Durgunoglu & 

Garcia's (1989) under encoding conditions identical to the present study (i.e.. Read 

encoding with 10 and 15 sees/item for study and test). They argued that the obtained CLT 

was contaminated by awareness-driven translation in some of their participants. This is 
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not surprising given that, as noted in section m of the present study, approximately 60% 

of participants in Durgunoglu & Garcia's (1989) study appeared to be EBs likely to have 

acquired both languages before age 6. 

If, as assumed by the PVM-B, only awareness-driven translative processes can 

produce CLT in the data-driven WFCT (e.g., see Durgunoglu & Roediger, 1987; 

Durgunoglu & Garcia, 1989), then one should conclude that awareness-driven translation 

occurred in the Read condition of the present study and this was specific to EBs. 

However, like in all PVM-B studies, prime-target awareness or translation processes 

were not measured in Durgunoglu & Garcia's (1989) study. Hence, the role of awareness 

and translation in the Read condition of the present study deserves closer examination. 

In principle, the present results are in line with the CCH's proposal that EBs are 

more likely than LBs to adopt a semantic/conceptual strategy and translate (Lambert, 

1981; Vaid, 1984). Similarly, if one agrees with the PVM-B's original argument that the 

type of processing in the Read condition is limited to the perceptual or lexical level, 

allowing no semantic elaboration (Durgunoglu & Roediger, 1987; Smith, 1991), one can 

conclude that EBs' processing style involves self-initiated translation processes. That is, 

EEs' translation processes are spontaneously activated upon encountering information 

despite the absence of translative/semantic features in the information presented or 

instructions to engage in semantic elaboration or translation. Further support for this 

conclusion emerges from the significant contrast between EBs' magnitude of CLT in the 

Read condition vs. Sentence and Imagine conditions, and the nonsignificant contrast 

between these latter two semantic elaborative conditions (see Table 4). If the Read 
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condition involved semantic processing, CLT of similar magnitude would have emerged 

in the three conditions. 

However, findings from monolingual research under the PVM have been taken to 

suggest that the Read condition indeed involves a small amount of semantic elaborative 

processing that accompanies lexical access and enhances perceptual priming on the 

WFCT (e.g., see Weldon, 1991). Hence, EBs may have exploited the limited semantic 

features available in this condition and translated, thus accomplishing CLT. Furthermore, 

if one agrees with the more strict interpretations of Sentence and Imagine as conditions 

involving not only semantic but also integrative and conceptual processing, respectively 

(e.g., see Smith, 1991; Durgunoglu & Roediger, 1987), then assuming absence of 

semantic elaborative processing in the Read condition may be problematic. That is, EBs' 

CLT in the Read condition could well reflect the effects of semantic features minus 

integrative and conceptual features. Hence, the question remains as to whether EEs' CLT 

in the Read condition reflects self-initiated or externally induced processes (i.e., 

translative processes in response to the semantic features available in the information 

presented). 

Insight into the nature of EBs' strategy in the Read condition can be gained from 

research with MOs and EEs' and LEs' reports of prime-target awareness in the present 

study (see Table 6). Monolingual priming research has lead to the suggestion that 

awareness of the prime-target relationship is more likely to occur when the encoding 

and/or the test tasks require activation of semantic representations, presumably because 

the semantic component requires more involvement of strategic FLS resources (e.g., for 
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review, see Rybash, 1996). The involvement of FLS in priming tasks with a strong 

semantic component has also been suggested independently in monolingual research that 

has not explicitly focused on the issue of prime-target awareness (e.g., see Winocur et al., 

1996; Nyberg et al., 1997). As Table 6 shows, both LBs and EBs experienced very 

limited to no awareness of the prime-target relationship for items in the Read condition 

relative to the Sentence and Imagine conditions, two conditions that are unanimously 

viewed as requiring semantic, conceptual elaborative processing (e.g., see Durgunoglu & 

Roediger, 1987; Smith, 1991; Weidon, 1991). 

Hence, it appears that the Read condition involved perceptual or lexical level 

processing only, and because the WFCT is perceptually-based (see Rybash, 1996; 

Winocur et al., 1996; Nyberg et al., 1997), then the CLT of EBs after Read encoding 

necessarily reflects self-initiated translation processes. Furthermore, because EBs' 

translation processes occurred mostly at encoding rather than test only (see Table 6) and 

without prime-target awareness (thus implying less strategic FLS involvement), then we 

can assume that EBs' processing of a word in the Read condition automatically activated 

its translation. This is entirely in line with the research suggesting that the two languages 

of EB/COMs are interrelated through automatic translation (Gekoski, 1982) and that 

bilinguals who acquire both languages simultaneously are more likely to translate the 

prime before processing the target word (Altarriba, 1990). However, it speaks against 

PVM-B's post hoc explanations of ''contaminated" CLT, as these explanations carry the 

assumption that awareness of the prime-target relationship necessarily always precedes 
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translative processes and therefore take place at test only (e.g., see Heredia & 

McLaughlin, 1992; Durgunoglu & Garcia, 1989; Watkins & Peynircioglu, 1983). 

Hence, results for the Read condition are overall compatible with CCH's 

assumption that EBs, but not LBs, posses a unified semantic/conceptual system for both 

languages, where processing of a word in one language automatically and simultaneously 

activates its translate in the other language by virtue of the underlying common 

semantic/conceptual basis. The foregoing analysis is also compatible with the suggestion 

made in section IV.b of the present study that the neural overlap underlying the "Broca's 

neural strategy" of early acquired languages may imply that both languages have equal 

automatic activation thresholds, thus requiring no or only minimal strategic FLS 

involvement outside traditional anterior language regions. 

Results for the Sentence condition are mixed with respect to the hypotheses 

initially stated. In principle, as Table 4 shows, results are compatible with the PVM-B to 

the extent that both EBs and LBs showed significant CLT. However, at variance with the 

PVM-B, CLT after Sentence encoding was signiflcandy greater in EBs than LBs. 

Although this difference may in part reflect LBs' slightly lower self-rated oral English 

ability, the participants' EB-LB status remains as the most relevant factor to CLT in the 

Sentence condition (as suggested by the covariance analysis on data from Table 5). Table 

2 shows that EBs and LBs were equivalent in terms of most other indicators of bilingual 

language ability. 
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The pattern of significantly greater CLT in EBs than LBs in the present study 

mimics the pattern of variable between-sample CLT obtained in the only other study that 

implemented Sentence encoding in two separate samples of bilinguals whose EB-LB 

status was not considered (see Smith, 1991). The CLT difference of .15 between EBs and 

LBs in the Sentence condition of the present study is well within the average CLT 

difference of .17 obtained between samples by Smith (1991). Furthermore, the magnitude 

of CLT obtained in the present study for EBs (.20) and LBs (.05) is very similar to the 

average CLT obtained by Smith (1991) in experiment 1 with one sample (.23) and 

experiment 2 with a different sample (.06). 

Smith (1991) argued that the greater time for study and test in her experiment 1 

(10" and 30", respectively), relative to experiment 2 (5" and 10", respectively), may have 

favored more extensive elaborative processing and thus greater CLT in experiment 1. In 

line with the PVM-B's assumption that all bilinguals are the same. Smith's (1991) 

explanation implies that equal between-sample CLT would have emerged if the time for 

encoding and test had been maintained constant across samples. However, time to encode 

and complete WFCT in the present study was experimentally controlled to be constant 

(10" and 15", respectively) across participants and encoding conditions, and yet, as 

shown in Table 4, CLT was significantly greater in EBs than LBs. Like in the present 

study, bilingual language ability was not a concern in Smith's study. 

Smith (1991) also assumed that an awareness-driven translative strategy was 

unlikely to underlie the between-sample CLT differences observed in experiments 1 and 

2. However, degree of awareness and CLT were significantly correlated in the total 
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sample of the present study (r=.35, p=.02). Similarly, degree of awareness experienced by 

EBs and LBs was significantly different (47% and 10%, respectively, see Table 6) and 

proportional to both their obtained CLT in the Sentence condition (see Table 4) and their 

reported frequency of use of translation in the total experiment (25 and 10, respectively, 

see Table 6). Thus, it is possible that the neglected EB-LB composition of the samples in 

Smith's (1991) study, rather than the procedural factor invoked, varied across 

experiments and thus led to greater CLT in experiment 1 than 2 after Sentence 

processing. An additional finding compatible with this possibility comes from Smith's 

(1991) experiment 2, where a Read encoding condition of single words was also 

implemented. The nonsignificant CLT obtained by Smith (.03) is very similar to the 

magnitude of nonsignificant CLT obtained for LBs in the Read encoding condition of the 

present study (.01). 

Overall, this pattern of results is in line with the CCH's research conclusion that 

simultaneous activation of both languages during sentence processing is more likely in 

EBs than in LBs (Poplack, 1980). Although EBs' tendency to translate was stronger at 

encoding than at test alone, it is not clear what proportion of their translative activity was 

sp>ecific to the Sentence condition (see Table 6). However, if both languages are 

simultaneously active in the study condition where semantic/conceptual features are 

available, translation may be even more likely. This is just what the CCH assumes about 

EBs (Lambert, 1981; Lambert et al., 1958; Paivio, 1991). The significant, but lower than 

EBs', CLT of LBs after Sentence encoding could be seen as compatible with the CCH's 

assumption that LBs, relative to EBs, are less attuned to, or focused on, the 
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semantic/conceptual features of information (e.g., see Lambert, 1981; Lambert et al., 

1958). Accordingly, they can accomplish a proportionally marginal CLT despite their 

stronger tendency to focus on the perceptual/lexical features of information. However, 

because semantic/conceptual featives were available also in the Imagine condition, 

explanation of LBs' CLT after Sentence and lack of it after Imagine encoding is 

problematic for the CCH. 

Smith (1991) argued that Sentence encoding induces "semantic/conceptual 

integrative" processing, which explains the presence of CLT after Sentence encoding in 

her study and the absence of it after Imagine encoding in Durgunoglu & Roediger's 

(1987) study. Smith (1991) argued that the semantic/conceptual processing available in 

the Imagine condition does not induce elaborative integration, and only elaborative 

integration induces CLT in WFCT. Thus, on Smith's (1991) account, "integrative" 

processing is a separate second processing feature different from semantic/conceptual 

processing alone, and is available only within the Sentence condition. 

However, the question of what precisely "integrative elaborative processing" 

entails remains open; the mechanism(s) through which it induces CLT have not been 

described. One possibility is that in LBs, where according to the CCH (e.g., Paivio, 1991; 

Lambert, 1981) the stable state of the two language systems is segregation, integrative 

semantic elaborative features in the material may provide the external support necessary 

to induce a transient interaction between the two systems. Integrative processing may 

induce this interaction via raising prime-target awareness and with it the likelihood of 

translation too, this resulting in CLT. This appears to be consistent with LBs' tendency to 
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exp>erience awareness almost exclusively in the Sentence condition and concentrate their 

spontaneous translation primarily at test (see Table 6). It is also supported by the fact that 

degree of prime-target awareness was greater in LBs who reported use of translation 

(mean awareness=25%) than LBs who did not translate (awareness=2%) (/=4.20, p<.05). 

Where semandc elaborative features are available without integrative features (i.e., the 

Imagine condition), LBs' prime-target awareness is negligible to nonexistent (see Table 

6). The contributions of Integrative elaboration may not be noticeable in EBs (i.e., as 

suggested by Sentence vs. Imagine CLT) because the already existing unified system for 

both languages presumably induces simultaneous language activation, spontaneous 

translation and/or awareness more readily (e.g., Lambert et al., 1958; Lambert, 1981; 

Poplack, 1980; Gekoski, 1982). And as suggested in the discussion of results for the Read 

condition, it appears that at least one of these processes (e.g., translation) can by itself 

produce CLT without awareness of the prime-target relationship. 

However, the foregoing analysis, including Smith's (1991) characterization of 

"semantic integrative" processing, suggests that FLS resources may play a critical role. 

FLS resources may be implicated not only because Sentence encoding involves activation 

of semantic/conceptual representations, but also because the product of this activation 

somehow is to be integrated into two languages. Furthermore, once the first instance of 

prime-target awareness takes place, an attentional supervisory role may be activated to 

monitor the potential occurrence of additional prime-target pairs. Thus, if, as suggested in 

the present study, EBs' neuropsychological strategy for both languages requires marginal 

or no FLS resources, these are available to be applied, if needed, to the different 
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prcx:essing components just described. However, if LBs' neuropsychological strategy for 

their late developed L2 also makes demands on FLS resources, one or more of these 

processing components may suffer. 

While predictions on the specific components that would be affected in LBs are 

beyond the data at hand, analysis of awareness, translation, and CLT within the LB group 

only can be illustrative at this time. For example, given our characterization of integrative 

processing, one could reasonably assume that the marginal CLT after Sentence encoding 

was accomplished only by the few LBs who were marginally aware of the prime-target 

relationship and translated. However, degree of awareness and CLT after Sentence 

encoding did not correlate within the LB group (r= -.04, ns), in contrast with the size of 

this correlation in the total sample (r^.3S, p=.02). To further illustrate this, separate 

Bonferroni-protected t tests (acknowledging that small and unequal sample size is a 

limitation) showed that the level of CLT of LBs experiencing awareness (CLT=.05) was 

not significantly higher than that of LBs who did not experience awareness (CLT=.03) 

(r=1.00, p=.32). Similarly, the CLT of LBs who translated (CLT=.04) was not higher than 

that of LBs who did not translate (CLT=.04) (/=0.27, p=.7S). These four subgroups of 

LBs (i.e., 'aware-unaware-unaware' and 'translator-no-no translator') did not differ in 

terms of language ability (i.e.. Speak English self-ratings, oral/written translation task, 

etc. -see Table 2). Thus, it appears that although they possessed the translation and 

semantic representations necessary to process the material in the encoding and test tasks, 

somehow they did not adequately access or exploit these available representations on-line 

during WFCT. Evidently, they also did not efficiently exploit the processing 
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opportunities involving these representations (e.g., integrative elaboration, prime-target 

awareness, translation). That is, integrative elaboration features may have triggered the 

processes that presumably make CLT more likely, but integrative features and its 

accompanying processes also call for FLS resources, which in LBs, we have assumed, are 

already engaged in L2 processes. Dividing these FLS resources among the different 

processing components implicated may reduce the ability to efficiently exploit the 

representations and processing opportunities that lead to CLT, thus resulting in the 

marginal CLT observed in LBs after Sentence study. This may be the cognitive 

environment underlying the CCH's assumed weaker tendency of LBs to fully exploit the 

semantic elaborative features available in information (Lambert, 1981). It may constitute 

the neuropsychological dimension of the separate and relatively independent systems in 

LBs assumed by CCH proponents. 

Results for the Imagine condition also are compatible with the CCH in that EBs 

but not LBs obtained significant CLT (see Table 4). Clearly, this pattern of CLT speaks 

against the PVM-B and indicates that bilinguals respond differently to identical encoding 

and test conditions. Although, for the most part, results for this condition have already 

been discussed in the preceding discussion of the Sentence condition, some additional 

points are worth highlighting. 

Two previous PVM-B studies have reported absence of CLT after Imagine 

encoding (Durgunoglu & Roediger, 1987; Durgunoglu & Garcia, 1989). As noted earlier, 

approximately 60% of the bilinguals in Durgunoglu & Garcia's (1989) sample appeared 



91 

to be EBs, and the rate of word fragment completion they obtained after Imagine 

encoding (.52) was very similar to the rate of completion observed in the EB group of the 

present study (.57). However, Durgunoglu & Garcia (1989) obtained a higher rate of 

completion for nonstudied items (.45) than in the present study (.37), this latter being 

very similar to the nonstudied rate (.33) in Smith's (1991) experiment 1 where an 

undetermined number of EBs may have been included in the sample (as suggested in the 

preceding section discussing Sentence encoding). 

While it is not clear what factors underlie the higher nonstudied completion rate 

in Durgunoglu & Garcia's (1989) study, their sample size (n=12) was considerably 

smaller than in the present study (EBs n=32) and in Smith's experiment 1 (n=39). Hence, 

the possibility of low power as a contributor to nonsignificant CLT in Durgunoglu & 

Garcia's (1989) study remains open. Similar observations can be made about Durgunoglu 

& Roediger's (1987) study where sample size was equally small (n=12) and completion 

rate for nonstudied items (.42) also higher than in Smith's (1991) and the present study. 

Unfortunately, information of sample size and completion rates is not available from the 

report of other bilingual WFCT studies (e.g., Watkins & Peynircioglu, 1983; Heredia & 

McLaughlin, 1992), thus precluding further discussion. 
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IX. CONCLUSIONS 

The primary goal of the present study was to detemiine whether or not the EB-LB 

status is relevant to CLT in the WFCT. This is the first study explicitly addressing the CLT 

of EEs and LBs in the WFCT or any other data-driven task, and thus the first to place the 

CCH and PVM-B in direct competition to assess their respective potential to explain 

bilingual memory. The results obtained show that the EB-LB status of bilingual participants 

is reliably and differentially related to CLT on WFCT. This is of unquestionable 

methodological and theoretical significance. However, results would have been important 

even if the EB-LB status had been found to be irrelevant to CLT in the WFCT, as they 

would have ruled out one possible explanation of the inconsistent CLT effects that have 

been emerging within the PVM-B paradigm. 

Results are in partial agreement with the original PVM-B (Durgunoglu & Roediger, 

1987), if analysis is limited to the Read and Sentence conditions within the LB group. That 

is, CLT was observed where semantic elaboration was available (Sentence) but not where 

only perceptual/lexical processing was allowed (Read). However, even here, the PVM-B is 

in conflict as it assumes that WFCT is insensitive to semantic elaboration. Evidently, one 

has to allow Smith's (1991) implicit revision of the PVM-B to accommodate this 

inconsistency and the fact that LBs obtained CLT after Sentence, but not after Imagine 

encoding. The present results also disagree with the PVM-B's assumption that patterns of 

independence vs. interdependence bilingual memory organization should emerge as a 

consequence of changing the retrieval requirements at test. Qearly, this is not supported 

even within the LB group alone given that type of processing was changed at encoding only. 
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not test, and yet CLT differences emerged between Read and Sentence conditions. 

Evidently, the explanatory power of the PVM-B is in further conflict when one adds to the 

analysis results for the EB group alone, or the contrasts between EBs and LBs. Here, 

Smith's (1991) implicit revision of the PVM-B is also in conflict given EBs' CLT in all 

encoding conditions. The ability of the PVM-B to explain bilingual memoiy is in question 

not only in terms of the results for CLT, but also in terms of the results relevant to its post 

hoc explanations of "contaminated" CLT (the case is best illustrated by EBs in the Read 

condition). 

The present results do agree with the PVM-B's proposal that the level of 

information recruited at test to perform WFCT depends upon the mental representations 

formed in the study conditions. However, the problem with this proposal is that 

apparently not all bilinguals arrive at test with the same mental representations despite 

having been exposed to the same encoding conditions, and this, as proponents of the 

CCH have assumed and the present results can be interpreted to suggest, may be beyond 

the question of differences in language ability. The general trend in the results is that EBs 

and LBs exploited the encoding conditions differently and thus arrived at test with different 

mental representations of the material studied. This speaks against the PVM-B's central 

assumption that all bilinguals are the same, but is in line with the CCH's proposed different 

processing styles of EBs and LBs. The neuropsychological hypotheses formulated in 

relation to the suggested neural strategies of EBs and LBs appear to offer theoretical and 

methodological tools to better understand these still ambiguously defined processing styles. 

Hence, it appears that the field of bilingual memory will benefit from a paradigm that 
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acknowledges both subject characteristics and task processing demands, a "subject-task 

paradigm". 

As with any other study addressing cognitive processes in bilinguals, the present is 

subject to the question of whether EBs and LBs were different in aspects of language ability 

not measured in the present study. A critic could argue that the CLT differences obtained 

here may well reflect an undetected language disadvantage on part of LBs rather than the 

EB-LB status of the participants. However, the present study measured language ability not 

only in the standard, and often only way the great majority of bilingual memory studies 

measure it (i.e., self-ratings), but also employed direct behavioral measures of translation to 

ensure EB-LB equivalence in one of the linguistic aspects most critically related to the 

question of CLT, namely, the availability of the translation representations involved in the 

encoding and test tasks. With the exception of Lambert et al's (1958) seminal study, the 

present study is the first in contemporary bilingual memory research focusing on CLT to 

include this measure, and EB-LB differences in CLT were obtained. Future bilingual 

memory studies should include this measure, but should also focus on procedures to 

measure and address the question of accessibility to those available translation 

representations. Time to produce translations and the dual-task technique are two general 

procedures that may be relevant to the question of accessibility, which is closely tied to the 

general hypothesis on the neural strategies of EBs and LBs suggested in the present study. 

The general hypothesis on EB-LB neuropsychological strategies and their memory 

and awareness implications for CLT suggested here is a theoretical departure from current 

formulations on bilingual memory and CLT. At this point, the hypothesis can be considered 
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largely intuitive, as it is based on a very small number of neuroimaging studies that 

employed very small samples of mostly LBs and subject variability is a concern. In 

principle, however, it seems to capture the logical implications of Paradis' (1994; 1997) 

proposal that native and nonnative language are subserved by two different learning and 

memory systems. It also has the potential to accommodate PVM-B's post hoc explanations 

of CLT that appeal to strategic, awareness-driven phenomena. Evidently, the 

neuropsychological hypothesis suggested in this study remains open to future research 

inquiry. 

It can be argued that the measures of awareness of the pnme-target relationship 

employed in this study are vulnerable to the influence of many contaminating factors, 

including incidental explicit memory ability, the subject's perception of the quality of 

his/her performance on the experimental tasks and many other demand characteristics of the 

experimental situation. However, the present study is the first bilingual memory study to 

incorporate a measure of awareness of the prime-target relationship, despite the fact that this 

factor is routinely invoked post hoc in studies obtaining unexpected "contaminated" CLT in 

data-driven tasks such as WFCT. 

Incidental Free Recall of the studied material is often employed in monolingual 

priming research to demonstrate explicit-implicit memory dissociations and/or assess 

possible explicit memory contamination in implicit (priming) memory performance. One 

can argue that incidental finee recall in this type of studies serves as an indicator of 

awareness. To some extent, most of the awareness variables listed in Table 6 appear to 

reflect this type of measure. That is, participants were asked to recall different events that 
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occurred at different points during the experiment without having been told in advance to 

pay attention to or study them. An exception to this is the measure Spontaneously aware 

(and possibly Spontaneous translation too). 

Among the measures of prime-target awareness addressed in the present study, the 

Spontaneously aware variable (see Table 6) is perhaps the most accurate reflection of the 

participants' general subjectively experienced cognitive processes as it captures more 

closely the participants' spontaneous "on-line" report of awareness. A small minority of 

participants was heard to also translate items as they were being presented at study or test. 

Thus, the measure Spontaneous translation also captures on-line processes to some extent 

As noted in Appendix C, 19 out of the 30 'aware' EBs and 6 of the 12 'aware' LBs can be 

considered 'true aware' participants as they spontaneously verbally reported awareness "on

line" during administration of the WFCT. As Table 6 shows, the number of EBs reporting 

translation at encoding (i.e., 22 EBs, if one considers also those EBs that translated both at 

encoding and test) is very similar to the number of 'true aware EBs' (i.e., 19 -see Appendix 

C). This consistency in EBs suggests that our measures of spontaneous awareness and 

translation are methodologically and theoretically valuable. 

Because the present results suggest that prime-target awareness was extensively 

involved in CLT, a critic may argue that the CLT obtained in this study does not reflect 

genuine automatic cross-language spreading activation priming. However, if the results for 

EBs in the Read condition reflect the "real state of affairs" (i.e., CLT in the context of a real 

absence of awareness), then the present study offers evidence of genuine automatic cross-

language spreading activation priming. Even if this were not the case, then the present study 



97 

suggests that strategic, awareness-driven processes in CLT may be a natural consequence of 

the developmental dming of the onset of bilinguaiism. This, in itself, is a genuine object of 

scientific study. 

The results of this study suggest that prime-target awareness occurs rather 

frequently under certain conditions (e.g.. Sentence and Imagine encoding) but not under 

others where the PVM-B has fiequenUy invoked it despite monolingual research 

indicating its unlikely occurrence (e.g.. Read encoding). It also occurs in different 

degrees where monolingual research considers it likely (e.g.. Sentence condition in EBs 

and LBs). The results also suggest that occurrence of awareness does not always lead to 

effective CLT (e.g., LBs in Sentence encoding) and effective CLT does occur in the 

absence of awareness (e.g., EBs in Read condition). Hence, occurrence of awareness and 

its role in CLT on the WFCT appears to depend both on the type of bilingual subject and 

the type of processing at encoding and at tesL A better understanding of bilingual 

memory may be gained by studying prime-target awareness in CLT as a function of these 

three factors rather than by attempts to methodologically eliminate it at all cosL The 

neuropsychological hypothesis offered here may be an avenue to address this proposal. 

Only future bilingual memory research studies can determine whether or not the 

awareness and translation measures employed in the present study are of methodological 

and theoretical value to address these questions. 
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APPENDIX A 

The following are some examples of the Spanish words and their corresponding 
English translations and word fragments and Spanish sentences employed as stimuli in 
the experiment. 

LAPIZ PENCIL P _ N L 
DE MADERA CON PUNTA DE CARBON PARA ESCRIBIR 

ABOGADO LAWYER L Y _ R 
PERSONA QUE DEFIENDE AL CRIMINAL EN EL JUICIO 

MARTILLO HAMMER _ A M M 
HERRAMIENTA PARA CLAVAR CLAVOS EN LA MADERA 

CORAZON HEART H _ A _ T 
ORGANO QUE HACE CIRCULAR LA SANGRE EN EL CUERPO 

VENTANA WINDOW _ I _ D _ W 
POR SU CRISTAL VEMOS LO QUE ACONTECE EN LA CALLE 

DESAYUNO BREAKFAST B_E__F T 
ES LA PRIMERA COMIDA DEL DIA EN LA MANANA 

CAB ALLO HORSE H _ R S _ 
ANIMAL DE CUATRO PATAS PARA MONTAR Y PASEAR 

MAESTRO TEACHER _E_CH_R 
PERSONA QUE ENSENA A LEER Y ESCRIBIR A LOS NINOS 

IGLESL\ CHURCH _HU__H 
EDIFICIO DONDE REZAMOS DE FRENTE AL ALTAR 

CENICERO ASHTRAY _ S _ T _ A _ 
EN EL PONEMOS LA CENIZA Y APAGAMOS EL CIGARRO 
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APPENDIX B 

SUBJECT'S CONSENT FORM 

WORD AND SENTENCE PROCESSING IN BILINGUALS 

I AM BEING ASKED TO READ THE FOLLOWING MATERIAL TO ENSURE 
THAT I AM INFORMED OF THE NATURE OF THIS RESEARCH STUDY AND 
OF HOW I WILL PARTICIPATE IN FT, IF I DECIDE TO DO SO. SIGNING THIS 
FORM WILL INDICATE THAT I HAVE BEEN SO INFORMED AND THAT I 
GIVE MY CONSENT. FEDERAL REGULATIONS REQUIRE WRITTEN 
INFORMED CONSENT PRIOR TO PARTICIPATION IN THIS RESEARCH 
STUDY SO I CAN KNOW THE NATURE AND RISKS OF MY PARTICIPATION 
AND CAN DECIDE TO PARTICIPATE OR NOT PARTICIPATE IN A FREE AND 
INFORMED MANNER. 

PURPOSE 
I am being invited to participate voluntarily in the above-titled research project. This 
research will study the word and sentence processing of bilinguals. The main goal of this 
research is to determine how languages influence the processing of words and sentences. 

SELECTION CRITERIA 
I am being invited to participate because: 
1.1 am Spanish/English bilingual. 
2.1 am older than 20 yrs but younger than 45 years. 
3.1 am not or have not been afflicted by any of the following conditions: 

• A psychiatric disorder (e.g., schizophrenia, depression, etc.). 
• A neurological disorder (e.g., epilepsy, Parkinson's disease, brain tumor, stroke, 

head injury, multiple sclerosis, etc.). 
• A learning disability (e.g., reading, writing, arithmetic) or a speech/language 

disorder. 
• Any other disease that may affect brain functioning (e.g., insulin dependent diabetes, 

liver, lung, or heart disease). 
4.1 have not used/abused any substance/drug in the past or present. 
5.1 have completed high school or higher education. 

PROCEDURE 
If I decide to participate, I will be asked to answer questions about my health, education, 
age, and my two languages. Also, I will be asked to read and write single words and 
sentences. Completion of the questions and tasks will take approximately 60 minutes. 

RISKS 
I will meet no risks by participating in this study. 
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BENEnXS 
There are no direct benefits to me from my participation. 

CONFIDENTIALITY 
After participating in this research, my data forms will receive a code and my name will be 
removed from the forms. The project coordinator will match the code with my name in a 
confidential log. Only David Hermosillo-Romo will have access to the codebook. 

PARTICIPATION COSTS AND SUBJECT COMPENSATION 
I am not expected to pay any of the costs of this research study nor will I receive 
compensation for participating. 

I can obtain fiirther information from the principal investigator, David Hermosillo-Romo, 
Ph.D. Candidate, at (520) 325 5426. If I have questions regarding my rights as a research 
subject, 1 may call the Human Subjects Committee office at (520) 626 6721. 

AUTHORIZATION 
BEFORE GIVING MY CONSENT BY SIGNING THIS FORM, THE METHODS, 
INCONVENIENCES, RISKS, AND BENEFITS HAVE BEEN EXPLAINED TO ME 
AND MY QUESTIONS HAVE BEEN ANSWERED. I U^ERSTAND THAT I 
MAY ASK QUESTIONS AT ANY TIME AND THAT I AM FREE TO WITHDRAW 
FROM THE PROJECT AT ANY TIME WITHOUT CAUSING BAD FEELINGS. 
MY PARTICIPATION IN THIS STUDY MAY BE ENDED BY THE 
INVESTIGATOR OR BY THE SPONSOR BY REASONS THAT WOULD BE 
EXPLAINED. NEW INFORMATION DEVELOPED DURING THE COURSE OF 
THIS STUDY WHICH MAY AFFECT MY WILLINGNESS TO CONTINUE IN 
THIS PROJECT WILL BE GIVEN TO ME AS IT BECOMES AVAILABLE. I 
UNDERSTAND THAT THIS CONSENT WILL BE FILED IN AN AREA 
DESIGNATED BY THE HUMAN SUBJECTS COMMITTEE WITH ACCESS 
RESTRICTED TO THE INVESTIGATOR DAVID HERMOSILLO-ROMO, Ph.D. 
CANDIDATE OR AUTHORIZED REPRESENTATIVE OF THE DEPARTMENTS 
OF PUBLIC ADMINISTRATION AND POLICY OR PSYCHOLOGY. I 
UNDERSTAND THAT I DO NOT GIVE UP ANY OF MY LEGAL RIGHTS BY 
SIGNING THIS FORM. A COPY OF THIS SIGNED CONSENT FORM WILL BE 
GIVEN TO ME. 

Subject's signature Date 

INVESTIGATOR'S AFFIDAVIT 
I have carefully explained to the subject the nature of the above projecL I hereby 
certify that, to the best my knowledge, the person who is signing this consent form 
understands clearly the nature, demands, benefits, and risks involved in his/her 
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participation and his/her signature is legally valid. A medical problem or language or 
educational barrier has not precluded this understanding. 

Signature of Investigator Date 
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APPENDIX C 

DERIVATION OF AWARENESS AND TRANSLATION MEASURES 

The following sections describe the procedures employed to obtain data for the 

measures presented in Table 6. 

Spontaneously aware: 

The measure Spontaneously Aware (see Table 6) reflects the number of 

participants that expressed awareness of the translative relationship between Spanish 

prime words and English target words. Information relevant to this measure was obtained 

via two procedures: 1) spontaneous verbal report during administration of the WFCT, and 

2) verbal responses to an open-ended question during the Conrmients Section of the study 

after completing all the experimental tasks (i.e., encoding tasks and WFCT). Details of 

each procedure are described below. 

1) During administration of WFCT. As part of the instructions before starting the 

experimental session, participants were told that questions or comments were not allowed 

during administration of the experimental tasks (see Method section of the present study). 

However, 19 of the 32 EBs and 6 of the 32 LBs spontaneously made comments or 

questions indicating awareness of the relationship between the Spanish words and the 

English word fragments while they were completing the WFCT. Some participants 

directly stated, "These are the Spanish words in English" or "These are (or look like) the 

English translations of the words you showed me" Some participants even stated, "These 

are the words for the pictures you showed me in Spanish", while others correctly 

completed the English fragment and quickly paraphrased the sentence from which the 
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corresponding Spanish translation had been inferred in the encoding phase of the 

experiment. Other participants asked, "Are these the English translations of the words 

you showed me?" or "Aren't these the Spanish words but in English?" or "Didn't you 

show me the picture in Spanish?" Typically, participants who spontaneously reported 

prime-target awareness (i.e., comments and/or questions) did so in English and/or 

Spanish once or twice only during the experimental session. Thus, with the exception of 

these instances of spontaneously reported awareness, most of the experimental session 

(i.e.. administration of encoding and test tasks) was conducted in silence in the majority 

of cases, the participant's verbal responses to the stimuli presented being the only spoken 

responses noted during the session. The experimenter did not respond (verbally or 

nonverbally) to any of the comments or questions (or responses to stimuli) made by 

participants during administration of the WFCT or the encoding tasks. Similarly, because 

of the multiple activities of the experimenter during the experimental tasks (e.g., timing 

stimuli presentation, turning stimuli cards, and recording responses and spontaneous 

comments), eye contact between participant and experimenter was not possible, thus 

precluding any visual, gestural or verbal feedback to the participant's responses to stimuli 

or his/her comments or questions. 

2) During Comments Section. Immediately after completing administration of the 

WFCT, the 64 participants were asked the following question; "Do you have any 

questions, comments, observations you would like to make about any of the tasks we 

have worked on so far?" A total of 30 EBs and 12 LBs responded with a statement and/or 

a question indicating that they noticed (or had the "feeling") that the English fragments 
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were the translations of the Spanish words shown to them previously. Participants that 

responded with a question only (e.g., "you mean that you showed me English/Spanish 

translations?") were asked to clarify their response and decide whether or not (i.e., yes or 

no) they noticed the translative relationship they were asking about (participants were 

never told that the prime-target translative relationship indeed existed). 

Of the 30 EBs reporting awareness within the Comments Section, 19 were the 

EBs that spontaneously reported prime-target awareness during administration of the 

WFCT, the remaining 11 EBs reported prime-target awareness only in response to the 

open-ended question within the Comments Section (i.e., these 11 EBs did not report 

awareness during administration of WFCT). Of the 12 LBs reporting awareness within 

the Comments Section, 6 were the LBs that spontaneously reported prime-target 

awareness during administration of the WFCT, the remaining 6 LBs reported prime-

target awareness only in response to the open-ended question within the Comments 

Section (i.e., these 6 LBs did not report awareness during administration of WFCT). 

Table 7 summarizes the total number of Spontaneously Aware EBs and LBs identified 

via the two procedures just described. 

Table 7 
Total Spontaneously Aware participante in the study 

EBs LBs 
(n=32) (n=32) 

Spontaneous report during WFCT 
Report during Comments Section 
Total Spontaneously Aware* 

19 6 
11 6 
30 12 

This is exactly the same data presenied in Table 6. 
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Degree of Awareness: 

To obtain data for the measure Degree of Awareness, participants identified as 

Spontaneously Aware (n=42) were asked the following second question as part of the 

Comments Section; "More or less, what percentage of the word fragments I asked you to 

complete in English was the translation of the material/words I showed in Spanish?" 

Broken down by EB and LB groups, as shown in Table 6, the corresponding percentages 

were: EBs = 51% (range 10% to 100%), and LBs = 27% (range 10% to 80%). 

Specific Awareness: 

This measure reflects prime-target awareness specific to each encoding condition. 

Participants identified as Spontaneously Aware (n=42) were asked the following third 

question as part of the Comments Section: "Were the English word fragments the 

translations of the Spanish words I asked you to read or those I asked you to infer from 

the sentences or the ones 1 asked you to image its referent?" Table 6 presents the number 

of participants in each bilingual status group that identified a given encoding condition as 

the origin of the English translation. 

Spontaneous Translation: 

To obtain data for the measure Spontaneous Translation, participants identified as 

Spontaneously Aware (n=42) were asked the following fourth question as part of the 

Comments Section: "Did you translate any of the words or word fragments I showed 

you? The number of EBs and LBs that responded "yes" to this question is shown in Table 
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6 (25 and 10 EBs and LBs, respectively). Noteworthy is the fact that a small number of 

participants (6 EBs and 1 LB) were observed to spontaneously translate materials during 

encoding and/or test phases of the study. These participants answered "yes" to the 

question about use of translation. 

Timing of Translation: 

This measure reflects the number of participants that reported having used 

translation within a specific experimental phase. To obtain data for the measure Timing 

of Translation, participants identified as Spontaneously Aware (n=42) were asked the 

following fifth question as part of the Comments Section; "When did you translate? Did 

you translate when I was showing you the Spanish words and sentences or when I was 

showing you the word fragments? Table 6 presents the number of participants in each 

bilingual status group that identified encoding only, test only, or both encoding and test 

conditions as the point in time within the experimental session when they translated the 

material presented. 
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APPENDIX D 

DEMCX3RAPHICS QUESTIONNAIRE 

Participant number Sequence Administered Age Sex Date 

Total Education Field Study/Profession Country Origin 

What language do you consider your LI L2 L3 L4 L5 ? 

How old were you when you began to have exposure to Spanish English ? 
History (type/frequency) 

How many years of your formal education have been in Spanish English ? 
History 

*For how many years have you been using Spanish English on a regular basis? 
History 

On a scale of 1 to 5, 5 being "very good" and 1 "very bad", how would you rate your 
ability to: 

Speak Spanish English 
Read Spanish English 
Write Spanish English 

•English Lanpuage Use. Many participants stated that they had gone for periods of 
months and even years without using English in what they considered to be a 
"meaningful way". These participants did not agree with the researcher's method for 
calculating their 'number of years using the English language' (i.e., present chronological 
age minus age of exposure to L2). There are no published criteria to guide decisions 
regarding the type of pattern of language use that should be counted as 'language use'. 
Relevant questions to this issue are, for example, what type of language use modality is 
more important (reading, writing, speaking) and thus should be entered as "meaningful 
language use"? For how long should a language be used continuously in any of its 
modalities to be counted as "meaningfiil language use"? For how long should a 
discontinuity in language use be in effect to be discounted as "meaningful language use"? 
Accordingly, participants were asked to make their own decisions as to what constituted 
"meaningful language use" and what did not and determine the number of years they 
considered to be "meaningful language use" and to report their decision to the researcher. 
Thus, in many cases, EBs and LBs alike, the quantification of English Language Use was 
not under the control of the researcher. 
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