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Abstract 
 
 The aim of this paper is to provide the reader with a general overview of the field of 
attrition. Having situated this relatively new research domain with respect to related fields and 
approaches, a brief summary of the most important research questions and preliminary 
findings is given. The discussion then focuses on two issues that are of particular interest with 
respect to neurolinguistics: the role of the subject’s age and of the influence of L2. 
Concerning the former, a summary of research on the critical period hypothesis is given and 
discussed in the light of findings from attrition research. Another issue concerns the principal 
mechanisms involved in L1 attrition, i.e. whether attrition occurs because of lack of L1 use or 
because of its replacement by the competing L2 structures. Research issues of such scope 
need integrative approaches and greatly benefit from comparisons with related fields such as 
normal aging, acquisition and aphasia.  
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Attrition can be defined as the non pathological loss of a language in, usually, bilingual 
subjects. From an epistemological point of view, it can be seen as a subfield of contact 
linguistics (e.g., Goebl, Nelde, Stary & Wölck, 1996; Myers-Scotton, 2002), but it should be 
distinguished from sociolinguistic contact phenomena such as language change, shift, loss and 
death in bilingual communities. It is generally assumed that, like shift, attrition is a ‘negative’ 
consequence of language contacti, leading to loss on either the form or function level. 
However, language change, shift and death typically take place in bilingual communities 
across generations, whereas the term ‘attrition’ is used to refer to individual language loss and 
consequently takes place within one generation (de Bot, 2001). Furthermore, ‘attrition’ can be 
defined as loss of the structural aspects of language, i.e. change or reduction in form, whilst 
‘shift’ is a loss of functional aspects, i.e. the gradual replacement of one language by another 
with respect to language use (Clyne, 1986, 2001). It is this focus on structural aspects in 
individual language loss that makes the attrition field so promising for multidisciplinary 
approaches: besides its obvious sociolinguistic dimension, attrition also allows the testing of 
linguistic hypotheses and psycholinguistic models of the interaction of two languages in the 
human brain/mind, and it thus finds a natural place within the field of neurolinguistics, 
completing the picture of language deterioration along with the data from L1 loss in healthy 
aging and pathological loss in aphasia or dementia. Particularly, psycholinguistic data on 
attrition are crucially needed in order to have a more comprehensive understanding of 
premorbid linguistic competence in multilinguals. Conversely, attrition research will benefit 
very much from taking neurolinguistic models into account since the mechanisms underlying 
attrition might well be related to general brain functioning.  
 
 The main research questions raised by these different disciplines can be summarized as 
follows:  
(a) Why does attrition occur? Most attention has been paid to external factors which influence 
attrition such as age (discussed below), education level (e.g., Jaspaert & Kroon, 1989; 
Yagmur, 1997), emigration length (e.g., Ammerlaan, 1996; de Bot, Gommans & Rossing, 
1991; Hutz, 2004), or amount of contact with L1 (e.g., de Bot et al., 1991; Köpke, 1999). 
Some studies have attempted to integrate these factors within larger sociolinguistic 
frameworks, e.g., Ethnolinguistic Vitality Theory (Hulsen, 2000; Yagmur, 1997) or Social 
Network Theory (Hulsen, 2000), the findings, however, have so far been inconclusive. More 
recently, internal factors for language attrition such as emotion (Dewaele, 2004; Pavlenko, 
2002a; Schmid, 2002, 2004) or attitudes and motivation (Köpke, 2000) have received some 
attention with promising results that clearly call for further investigation.  
(b) What kind of structure is affected by attrition? Are some linguistic features more 
vulnerable than others? Indisputably, attrition is selective (cf. Seliger, 1991: 228) and does not 
concern all aspects of language in the same way. This question has mostly been addressed in 
broad linguistic investigations focusing either on intralanguage effects (simplification, over-
generalization) or on interlanguage effects (cross-linguistic influence), but despite a growing 
number of studies within this perspective, research is still rather inconsistent and lacks 
coherence (see Köpke & Schmid, 2004, for a more detailed discussion and references). Only 
recently have specific theoretical frameworks been used more systematically, for example 
Chomsky’s Universal Grammar (UG) and minimalism (e.g., Cuza, 2002; Gürel, 2002, this 
issue; McCormack, 2001; Montrul, 2002; Sorace, 2000) or Myers-Scotton & Jake’s (2000) 4-
M-Model (e.g., Bolonyai, 1999; Gross, 2000; Schmitt, 2001). 
(c) How does attrition occur? This question addresses the nature of the psycholinguistic and 
neurological mechanisms underlying attrition. This is the aspect the present paper will focus 
on, since the factors discussed here fall under this question.  
 Psycholinguistic issues regarding attrition have been theorized since early days of research 
within the field, e.g., the competence/performance issue discussed in Sharwood Smith (1983a, 
1983b, 1989), who drew attention to the fact that attrition may, in many cases, involve 
difficulties in the control of the two linguistic systems rather than actual modification of one 
system. As Seliger & Vago (1991: 4) pointed out, “the languages spoken by the bilingual may 
be said, metaphorically, to coexist in a state of competition for a finite amount of memory and 
processing space in the mind of the speaker”. This view is in line with neurolinguistic 
frameworks for bilingualism such as Green’s Inhibitory Control Modelii (Green, 1986, 1998) 
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or Paradis’ Activation Threshold Hypothesis (Paradis, e.g., 1993, 2001) (see Gürel, this issue, 
for a description). Within such frameworks, processing difficulties (or ‘performance 
attrition’)—like delayed lexical retrieval which is frequently observed in L1 attrition (e.g., 
Ammerlaan, 1996; Olshtain & Barzilay, 1991) and described in more detail in Goral (this 
issue)—can be explained on the basis of the raising of activation thresholds for items (or a 
language) used less frequently (Paradis, 1993: 138), and/or of lack of resources in the less 
frequently used language (Green, 1986) (for a more detailed discussion of these issues, with 
respect to attrition, see Gürel, this issue; Köpke, 2002).  
 It is now widely recognized that bilinguals are not the sum of two unilinguals (Grosjean, 
1989). This difference does not have to be ascribed to specific mechanisms for the processing 
of two languages (Paradis, 1980: 503), but bilinguals have repeatedly been shown to be 
slower than unilinguals on at least some tasks: e.g., Mack (1983) in naming and lexical 
decision; Mägiste (1979, 1985) in naming, recall and matching; Kilborn (1989) in sentence 
processing; Segalowitz (1991) in primed lexical decision in the controlled but not in the 
automatic access condition (see Goral, this issue, for more details), and Soares & Grosjean 
(1984) in lexical decision on non-words only (see Green, 2002, for a summary of more recent 
data). Longer response times in balanced bilinguals can be attributed to lexical access in 
bilinguals not being selective (e.g., De Bruijn et al., 2001; Green, 2002: 241), but they can 
also reveal difficulty in the control of two language systems (Green, 1986). In non-balanced 
bilinguals, longer response times are generally found in the weaker languageiii (and are 
sometimes taken as measures for language balance in bilinguals, e.g., Mägiste 1979, 1985). 
The weaker, non-dominant language is generally the second language in late bilinguals, but it 
has long been recognized that even in late bilinguals the dominance pattern can be reversed 
when language use changes substantially. In this case, response times slow down in L1 as L2 
becomes the dominant language (e.g., Frenck-Mestre, 1993; Lachman & Mistler-Lachman, 
1976; Segalowitz, 1991).  
 The fact that little attention has, so far, been devoted to this point may have two reasons. 
Firstly, research on bilingualism has probably mostly been carried out on L2 learners for 
whom the L1 is still dominant, although they are highly proficient in L2. Secondly, 
researchers have long preferred to avoid the complex issue of L2 interference on L1. Indeed, 
the ‘unilingual’ point of view—based on the idea that a bilingual should behave like a 
unilingual in each language (e.g., the definitions given by Bloomfield, 1933: 56; Thiery, 1976: 
52)—has until recently dominated the field. This implies that anybody who does not fit into 
this idealized picture—which is the case of almost every bilingual—is a ‘poor’ bilingual, or 
simply not a bilingual at all. The impact of this point of view is reflected in the continued 
reluctance to use the term ‘attrition’ in reference to bilinguals because of its negative 
overtones (see for example Cook, 2003a; Laufer, 2003). 
 In the case of a reversal of dominance patterns, however, with L2 gradually becoming the 
stronger language, bilinguals may reach a point where (a) processing of L1 is not only 
slowing down but also becoming more and more influenced by L2 (Cook, 2003a; Pavlenko, 
2000) and where (b) lack of speed and/or accuracy may eventually lead to difficulties. It is at 
this point that one generally starts talking about attrition. Needless to say, it is rather 
difficult—if not impossible—to draw a clear-cut line between ‘normal’ bilingual 
competence—adapted to the communicative needs of the speaker – and cases of mild attrition. 
However, there may be no need at all to make such a distinction: it is, after all, only a question 
of degree, the mechanisms involved in both cases most likely being the same.  
 From a neurolinguistic point of view attrition can be seen as part of an integrative 
approach to language use “across the lifespan” (Hylstenstam & Obler, 1989), including 
language decline —be it of a pathological nature, as in aphasia or dementia, or not, as in 
normal aging or attrition. Theoretical links have been established repeatedly between L1 and 
L2 acquisition and attrition research (e.g., Gürel, 2002; Montrul, 2002; Platzack, 1998; 
Sharwood Smith, 1983a; Sharwood Smith & van Buren, 1991). An important body of 
research (e.g., Jordens, de Bot, van Os & Schumans, 1986; Jordens, de Bot & Trapman, 1989; 
Kuhberg, 1992; Olshtain, 1989; Schmid, 2002) was conducted within the framework of the 
Regression Hypothesis—loss as the mirror image of acquisition—, initially proposed by 
Jakobson (1941) for aphasia and adapted to attrition by de Bot & Weltens (1991). While it has 
been clearly demonstrated that the Regression Hypothesis does not hold with respect to 
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aphasia (Caramazza & Zurif, 1978), the idea appears promising for attrition which is 
progressive in nature, thus allowing for a reversal process in which those items learned last 
may be forgotten firstiv. Empirical evidence concerning this issue is still conflicting. It appears 
possible, however, that the Regression Hypothesis may yield more promising results for L2 
than for L1 attrition (see Köpke & Schmid, 2004, for more details).  
 Attrition has also been discussed in relation to polyglot aphasia (e.g., Obler, 1982; Obler 
& Mahecha, 1991) and other neurolinguistic aspects of attrition and acquisition (Obler, 1993). 
Neurolinguistic approaches are, however, still scarce amongst the bulk of attrition research. 
Two research issues are of particular interest in this perspective at the moment: (a) the 
question of the role of age at the onset of bilingualism/attrition, and (b) the question of 
whether L1 attrition is caused by lack of L1 use or rather by the preferential usage of another 
language, i.e. by influence coming from L2.  
 The papers in this special issue concern both questions. With respect to the first question, 
a great variety of ages reaching from early childhood (Ventureyra, Pallier & Yoo) to elderly 
speakers (Goral) are covered. As regards the second question, this issue presents a broad 
range of L1 use patterns including, at each extreme, total disuse of L1 (Ventureyra et al.) and 
total L1 use (Goral). The aim of the present introductory paper is to give an overview of the 
state of the art in attrition research pertaining to the two issues previously mentioned: the roles 
of age and L2 influence. In this context, an extensive discussion of issues such as the Critical 
Period Hypothesis will be presented. 
 
 
1. The role of age in attrition 
 
Age at the onset of bilingualism and/or attritionv has been found to be one of the most 
important factors involved in attrition. Köpke & Schmid (2004) point out that if there is one 
question in L1 attrition for which there is ample converging evidence, it is that attrition in 
children is much more severe than in adults. All the studies dealing with L1 attrition in young 
children (e.g., Bode, 1996; Kaufman, 2001; Kaufman & Aronoff, 1991; Schmitt, 2001; 
Seliger, 1989, 1991; Turian & Altenberg, 1991; Vago, 1991) relate substantial restructuring of 
the children’s linguistic competencevi far beyond anything that has been observed in adult L1 
attrition, unless exceptional traumatic circumstances obtain (Schmid, 2002). Studies 
investigating adopted children, e.g., Ventureyra et al. (this issue), suggest that in such extreme 
cases, L1 is ‘forgotten’ at a very quick rate (Isurin, 2000; Nicoladis & Grabois, 2002). Some 
studies also include both subjects who emigrated as children and as adults, allowing for 
comparisons (e.g., Ammerlaan, 1996; Pelc, 2001). In Ammerlaan’s study on lexical retrieval 
and lexical access among Dutch immigrants in Australia, the subjects’ ages of departure 
varied from 6 to 29 years (see also Goral, this issue, for a more detailed description of this 
study). Pelc’s Greek immigrants were between 8 and 32 years old when they arrived in the 
United States, with 50% of the subjects having arrived between 12 and 17 years of age. 
Attrition was assessed in acceptability and grammaticality judgments of idiomatic verb use, 
and of gender and case marking. In both studies, age at departure proved to be the most 
important predictive factor for attrition. On the other hand, in studies involving subjects for 
whom the onset of attrition was after puberty no age effect was found (e.g., Jaspaert & Kroon, 
1989; Köpke, 1999). 
 The rather dramatic attrition effects observed in children are in radical contrast to the 
findings with respect to adults. None of the studies investigating subjects for whom the onset 
of attrition took place during or after puberty has produced similar results, regardless of the 
languages involved or the means of data elicitation. In most cases, attrition was felt to be 
surprisingly mild, considering the amount of time spent in an L2 environment (often many 
decades). For example, de Bot & Clyne (1994), Hulsen (2000), Jordens et al. (1989) and 
Schoenmakers-Klein Gunnewiek (1998) found little or no attrition in first generation 
immigrants, and in many other studies communication in L1 did not appear to be severely 
disrupted by attrition (e.g., Altenberg, 1991; de Bot et al., 1991; Hutz, 2004; Jaspaert & 
Kroon, 1992; Köpke, 1999; Major, 1992; Olshtain & Barzilay, 1991). Quantifying the amount 
of attrition, is, of course, a task that is almost impossible—however, the overall picture 
revealed by attrition research on adults is quite different from the one which emerges from 
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research on children. As an example, in Köpke (2001) I described in more detail one subject 
(E-44) from my larger 1999 study (cf. the summary in Goral, this issue) who seems to 
illustrate a certain type of ‘adult’ attrition. This 64-year-old man had been living in Canada for 
39 years at the time of data-collection. He claimed he never spoke German, never went back 
to Germany and preferred English in any situation. He talked mostly English with the 
researcher (despite her keeping to German), but nevertheless agreed to participate in a formal 
test in German consisting of picture descriptions, sentence generation and grammaticality 
judgments. The results showed difficulties in lexical retrieval in spontaneous speech and 
problems with prepositions. On the other hand, there were hardly any grammatical errors in 
his oral production, neither in the picture description nor in the time-constrained sentence-
generation task. The judgment of ungrammatical L1 sentences that are grammatical in L2 was 
above average with respect to the rest of the group (for more details, see Köpke, 1999, 2001). 
As soon as the test was over, the subject switched back to English. What is striking with this 
case is the contrast between the subject’s obvious strong discomfort in L1 and his relatively 
well preserved L1 competence regarding grammar, as evidenced by a formal language test 
involving no conversational skills. This rather anecdotal evidence suggests that in such cases, 
attrition consists mainly of the inaccessibility of L1 rendering conversation in this language 
very arduous while the underlying linguistic competence remains intact, even after such a 
long period of L1 disuse. Similar findings come from many other studies with late bilinguals 
(e.g., de Bot & Clyne, 1994; Jaspaert & Kroon, 1992; Schoenmakers-Klein Gunnewiek, 
1998). 
 In order to sum up the differences in attrition between children and adults, it is worth 
looking at Sharwood Smith’s three stage framework (Sharwood Smith, 1983b: 51). The three 
stages in the evolution of attrition are established with respect to the competence/performance 
distinction. The first stage is characterized by deviations in performance while competence 
remains stable. In the second transitional stage, the speaker “is in possession of a new 
externally conditioned variety of his or her language […] but is able to switch back to 
standard versions of the language when the appropriate circumstances require it” (Sharwood 
Smith, 1983a: 51). It is only the third stage which marks the advent of a new, modified 
competence. While such restructured linguistic systems have not yet been described for late 
attriters, they have repeatedly been observed in children (e.g., Kaufman & Aronoff, 1991; 
Seliger, 1989, 1991). As regards late bilinguals, the evidence suggests that attrition is, in most 
cases, restricted to performance deviations as in stage 1. In some cases—whether under 
specific external conditions or regarding particular linguistic features or domains –it might be 
possible to observe the coexistence of two varieties as described in stage 2, which Major 
(1992) observed for phonetics. More systematic investigation is called for in relation to this 
issue. 
 We have seen, however, that the differential effects of attrition on children and adults are 
amply documented. This finding is generally linked to some variant of the Critical Period 
Hypothesis (CPH) since it is assumed that younger children are better L2 learners due to 
maturational constraints and, consequently, more readily forget their L1 (see also Ventureyra 
et al., this issue). Such maturational constraints can be either of a biological or of a cognitive 
nature. Since attrition and acquisition seem to be tightly linked, and since the question of a 
critical period is an essential issue at the present state of attrition research, the literature on the 
CPH for language acquisition will be reviewed in some detail here. 
 
1.1. Biological factors related to age 
 
There are few issues which have been as extensively debated as the CPH for first and second 
language acquisition. Since the CPH was extended to language by Penfield & Roberts (1959) 
and Lenneberg (1967), it has continually confronted proponents and opponents, and the huge 
number of recent analyses of the issue (e.g., Birdsong, 1999; Birdsong & Molis, 2001; 
Hakuta, Bialystok & Wiley, 2003; DeKeyser, 2000; Mack, 2002; Moskovsky, 2002) shows 
that the debate is far from resolved. However, the ideas are becoming clearer; for example, it 
has been repeatedly suggested that one should not confuse L1 and L2 acquisition (e.g., 
Moskovsky, 2002; Zobl, 1995).  
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1.1.1. L1 acquisition 
 With respect to L1 acquisition, two factors related to brain maturation have been put 
forward to explain the child’s greater aptitude for language learning: lateralization and 
plasticity. Lenneberg (1967: 179) argued that the critical period (CP) for language acquisition 
reaches its term with the establishment of cerebral laterality around puberty. Evidence from 
children with acquired aphasia, which suggested that younger, as opposed to older, children 
suffering from brain damage were able to recover their language ability, had been attributed to 
greater brain plasticity at a younger age (Penfield & Roberts, 1959). Both arguments have 
been severely questioned in recent years: Converging evidence suggests that lateralization is 
completed well before puberty (cf. Archibald & Libben, 1995: 291; De Agostini, 2002: 
174/175; Harley & Wang, 1997: 23); with respect to aphasia, De Agostini (2002: 177) 
concluded that hemispheric lesions in children past three years of age have the same 
consequences as those observed in adults. Consequently, if there were a biological CP, it 
would end much earlier than at puberty (see also Paradis, 2003).  
 Despite the absence of broad empirical evidence, it appears nevertheless very likely that a 
child who is not acquiring language in the first years will have difficulties in attaining mature 
linguistic competence later on. It has been argued (e.g., Archibald & Libben, 1995: 306) that 
cases of late L1 acquisition in linguistically isolated children such as Genie (Curtiss, 1977) 
cannot be taken as evidence for a CP. Indeed, these children have not only been linguistically 
isolated but suffer also from sensorial, social and affective deprivation, the cognitive 
consequences of which are not exactly known. There are also some cases of deaf children 
with delayed L1 acquisition, who grew up in otherwise normal circumstances, showing severe 
deficits in verbal comprehension and production, which supports the CPH (e.g., Grimshaw, 
Adelstein, Bryden & MacKinnon,1998). For the attrition issue, however, the question of a CP 
for L2 acquisition is by far more relevant.  
 
1.1.2. L2 learning 
 Where this issue is concerned, a CP for subsequent languages cannot be taken as a logical 
consequence of a CP for L1 acquisition, even if this has been repeatedly claimed to be the 
case (cf. Moskovsky, 2002: 2). The most frequently raised arguments supporting or 
invalidating the CPH for L2 can be summarized as follows (for more extensive reviews of this 
abundant literature, see e.g., Birdsong, 1999; Harley & Wang, 1997; Long, 1993; Moskovsky, 
2002): 
(a) The question of ultimate attainment. It is generally assumed that late L2 learners are no 
longer able to acquire native-like competence. Consequently, the existence of subjects who do 
attain native-like competence is taken as an argument against the CPH. This assumption has 
been challenged by many authors, which has enabled the evidencing of some cases of native-
like ultimate attainment in late bilinguals (see Birdsong & Molis, 2001, for more details). 
(b) The question of acquisition rate has been taken as evidence against the CPH. It has been 
shown that late learners learn faster than young learners: adults are faster than children 
(namely with respect to morphology and syntax) and older children are faster than younger 
ones (Long, 1993: 198). Younger learners, however, outperform older learners eventually 
with respect to ultimate attainment. 
(c) The presence of postmaturational age effects. A biologically constrained CP, it is argued, 
would imply that there is some critical age after which the ability to learn a language (or 
specific aspects of it) suddenly and permanently changes. This would result in (a) a marked 
decline with respect to ultimate attainment after this age, and (b) absence of further age effects 
once the CP is over. This, however, is not the case. Hakuta et al. (2003) analyzed U.S. Census 
data from 2.3 million immigrants with Spanish or Chinese language backgrounds in relation 
to the first prediction. The results failed to prove any discontinuity with respect to the age 
effects substantiating the idea of a CP. As far as the second prediction is concerned, 
postmaturational age effects have been repeatedly evidenced, in Hakuta et al.’s study and in 
many others (see Birdsong & Molis, 2001, for a review). 
(d) It has, furthermore, been suggested that the CPH might apply differently to distinct 
linguistic domains. For example Walsh & Diller (cited by Archibald & Libben, 1995: 291) 
proposed a biological explanation focusing on pronunciation (1981: 18):  
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“Lower-order processes such as pronunciation are dependent on early maturing 
and less adaptive macroneural circuits, which makes foreign accents difficult to 
overcome after childhood. Higher-order language functions, such as semantic 
relations, are more dependent on late-maturing neural circuits, which may 
explain why a college student can learn many times the amount of grammar 
and vocabulary than elementary school students can learn in a given period of 
time.” 

There seems to be a general consensus that pronunciation is most affected by the age of 
acquisition since there are very few late learners who achieve native-like pronunciation (cf. 
the more detailed discussion of this aspect in Ventureyra et al., this issue). Morpho-syntax is 
also generally seen to be a good candidate for CP effects, whereas lexical and semantic 
knowledge is less likely to be affected by age. This corresponds to acquisition rate: while the 
acquisition of L1 pronunciation and morpho-syntax is accomplished within the first years of 
age, vocabulary learning goes on throughout life and should not be that different in nature for 
L1 or subsequent languages. Concerning semantics, Pavlenko (2002b: 79) points out that 
“[n]umerous cases of successful second language acquisition demonstrate that concepts may 
be restructured in the process of second language learning and socialization…” Age effects 
have been found repeatedly for both pronunciation and morpho-syntax but it should be noted 
that in both cases age effects were linear, without any discontinuity which is claimed to be 
characteristic of a biologically constrained CP (Long, 1993). 
(e) Evidence from brain imaging techniques. The L1 and L2 of late bilinguals have been 
shown to exhibit differences in brain activation patterns in studies based on tasks involving 
grammatical processing (e.g., with ERP: Hahne & Friederici, 2001; Weber-Fox & Neville, 
1996; and fMRI: Kim, Relkin, Lee & Hirsch, 1997; Perani, Dehaene, Grassi, Cohen, Cappa, 
Dupoux, Fazio & Mehler, 1996). Similar differences have not been observed between the two 
languages of early bilinguals. In semantic processing, on the other hand, no differences were 
found between L1 and L2 of early and late bilinguals (e.g., Hahne & Friederici, 2001; Klein, 
Zatorre, Milner, Meyer & Evans, 1995; Weber-Fox & Neville, 1996). This implies that L1 
and L2 are processed in the same cerebral locations except for grammatical processing in late 
bilinguals. Such findings (see Goral, Levy & Obler, 2002; Ullman 2001, for more 
comprehensive reviews) underscore that if certain brain locations were no longer available for 
linguistic acquisition after a CP, this would concern grammar only but not semantics (cf. 
Köpke, 2002). 
 Considering this evidence, it is unlikely that a strong hypothesis of a CP due to 
maturational constraints on the brain will hold with respect to L2 acquisition. Generally, 
younger learners achieve better levels of ultimate attainment than older learners, but there is 
no evidence for a ‘fateful’ age after which the brain is no longer responsive to linguistic 
learning, making further language learning impossible. It is, however, not unlikely that there 
are cognitive factors changing the way language is learned with increasing age, which could 
also explain the differences in grammatical processing of L2 between early and late learners 
as observed with brain imaging techniques. 
 
1.2. Cognitive factors related to age 
 
Second language learners clearly differ from first language acquirers as regards several 
cognitive factors. I will briefly discuss two of them here: general maturity and literacy. 
 
1.2.1. Cognitive maturity 
 It is evident that the cognitive maturity of a child is different at the ages of, say, two and 
twelve. Infants learn about the world at the same time as acquiring language and L1 
acquisition is inextricably linked with the acquisition of all the other cognitive functions such 
as reasoning, memory, attention, and even learning. Therefore, whatever the external 
circumstances of L2 acquisition, whatever the cognitive style of the learner: even the most 
holistic L2 learners in a perfectly natural L2 setting will nevertheless learn L2 differently from 
L1, since it is not the first time they acquire a language and because their general knowledge 
about the world has considerably changed since infancy. Furthermore, they have already 
acquired a language that will have some influence on subsequent language learning (the 
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consequences of this fact for attrition will be discussed below). Even in simultaneous 
bilinguals, one language might nevertheless, at times, be acquired through the ‘cognitive 
sieve’ of the other language, since the child does not always progress in the same way in both 
languages.  
 One could however argue that it does make a difference if the child, when starting to learn 
an L2, cannot continue using L1 at all, in other words, if learning L2 is the only means of 
communication, as is generally the case in adopted children (see Ventureyra et al., this issue). 
Even such an extreme situation will, however, only change the child’s motivation, his 
cognitive maturity remaining the same. Consequently, even an adopted child who completely 
changes his linguistic environment by age 8, for example, will learn L2 like an 8-year-old 
child and not like an infant. 
 Such a difference in cognitive maturity between early and late language learners suggests 
that L1 and L2 learning might employ qualitatively different processes, an assumption that led 
to a number of attempts to capture such a potential diversity. The first is Krashen’s (1981) 
distinction between ‘acquisition’ and ‘learning’, which due to theoretical flaws in Krashen’s 
monitor modelvii has not received the attention it deservesviii (cf. Zobl, 1995, for a discussion). 
The two processes are distinguished both by the manner of internalization of linguistic 
knowledge and by the representation in memory of that knowledge: as summarized by Zobl 
(1995: 35): “‘Acquisition’ operates incidentally to processing for comprehension and results 
in implicit, intuitive knowledge; ‘learning’ relies on memorization and problem-solving and 
leads to explicit, conscious knowledge about the L2.” 
 This point has also been raised by Paradis (1994) who claims that L1 is subserved by 
procedural or implicit memory whereas formally learned L2s are subserved by declarative or 
explicit memory, both of which form neurofunctionally and anatomically distinct memory 
systems (see Paradis, 1994, and Ullman, 2001, for detailed descriptions of both memory 
systems). Paradis’ position, however, appears to be less ‘black and white’ than Krashen’s or 
Zobl’s. Indeed, Paradis considers that both types of knowledge—procedural and declarative—
participate in both L1 and L2 processing to different extents, depending on the speaker’s 
educational level (i.e. the extent of his declarative knowledge with respect to L1 and L2), the 
way he learned L2 (i.e. in a naturalistic way or via formal instruction), the ‘formality’ of the 
conversational setting, etc. Consequently, the proportion of L2 represented in explicit memory 
should depend on the formality of L2 learning. On the other hand, Paradis states that “there is 
increasing evidence that cerebral plasticity for the implicit acquisition of phonology and 
morpho-syntax decreases with age” (1994: 413) which would lead to greater reliance on 
explicit memory structures in late learners. Note that both Paradis (1994: 402) and Zobl 
(1995: 38) assume that explicit knowledge cannot become implicit competence: Repeated 
practice of metalinguistically-governed speech may eventually bring about the development 
of some implicit knowledge, but this is distinct from the declarative rules known by the 
learner and relies on implicit memory which is less accessible at a more advanced age. 
 A similar position is taken by Bley-Vroman (1989) who claims that the CPH is not 
applicable to L2, since L1 acquisition and L2 learning rely on two fundamentally different 
processes (the Fundamental Difference Hypothesis, cf. also Moskovsky, 2002). In view of the 
fact that there are many differences between both types of language ‘appropriation’ix she 
suggests that both involve different linguistic knowledge bases and different cognitive 
procedures. L1 acquisition would be based on UG and a set of domain-specific learning 
procedures (Chomsky’s legendary Language Acquisition Device); L2 learning, on the other 
hand, would rely on the learner’s L1 as a linguistic knowledge base and on general cognitive 
learning procedures (cf. Zobl’s 1995 position). Here the debate of whether there is a CP for 
L2 learning joins the equally extensive debate of whether UG is accessible to L2 learners. 
This question, however, cannot be developed further here, see Gürel (2002) and the references 
therein for a summary.  
 In sum, it has often been suggested that L1 acquisition and L2 learning involve different 
cognitive procedures that are in part dependent on cognitive maturity (see also Obler, 1993x). 
 The distinction between implicit and explicit memory that emerges from this discussion 
provides a highly promising starting position for attrition research. The issue of forgetting has 
actually been mentioned in this context by Zobl (1995: 38) who points out that “[i]mplicit 
memory requires no conscious or awareful attempt at retrieval (Schacter, 1985) and is more 
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resistant to forgetting (Nilsson and Baeckman, 1989).” If L1 were indeed part of implicit and 
L2 of explicit memory, it would be more resistant to attrition in adults than L2. Not only is 
interference less likely to occur between structures that are part of different memory systems, 
but implicit L1 knowledge would by nature be less prone to attrition than explicit L2 
knowledge. While there is no experimental evidence supporting the claim that adult bilinguals 
forget an L2 more easily than an L1, there is evidence suggesting that L1 is quite resistant to 
attrition in late bilinguals. As one of Ammerlaan’s subjects put it: “My Dutch is like riding a 
bike. You never forget it but you get a bit wobbly.” (Ammerlaan, 1996: dedication). 
 It should, however, be recalled that implicit knowledge apparently is not as resistant to 
attrition from the beginning, since young children have been shown to be more sensitive at 
this level. Thus the question as to when the L1 will be sufficiently established to become 
immune to forgetting remains, as well as the issue of what kind of factors contribute to this 
establishment. I would like to suggest that literacy might be one of these. 
 
1.2.2. Literacy 
 While it has been suggested that a change in vulnerability to attrition takes place around 
the age of 9 (e.g., Köpke & Schmid, 2004 Yoshitomi, 1992), empirical evidence for such a 
claim comes, for the moment, from L2 attrition only (e.g., Berman & Olshtain, 1983; Fujita, 
2002; Olshtain, 1989). Olshtain (1989), for example, observed a reversal of the acquisition of 
irregular forms of noun plurals and verb forms in the past tense in a younger group of 
Hebrew-English bilinguals (5-8 year olds) but not in an older group of subjects (8-14 year 
olds). One of the characteristics of children, from this age onwards, is that, as opposed to 
younger children, they are generally perfectly literate. This factor has not received much 
attention until now. Only Pan & Gleason (1986: 197) have suggested that literacy might be a 
major variable for language maintenance in children, while Olshtain (1989: 154) claimed that 
age interacts with literacy (in children) and cannot be considered independently. Regarding 
L1 attrition, only age effects have been noted so far; these clearly need to be put in relation 
with literacy. 
 Literacy may indeed have more than one impact on attrition. First of all, literacy enables 
the child to stay in contact with the language via books or written correspondence. Olshtain 
(1989) hypothesized that this kind of contact might compensate for the lack of spoken English 
input in her older subjects (8-14 years old). These subjects actually reported continuing the 
expansion of L2 vocabulary via reading (Olshtain, 1989: 163). Literacy might thus provide 
the attriter with the possibility of obtaining enough confirming evidence to maintain linguistic 
features which contrast with the language used dominantly. Written input could indeed be a 
sufficient source of language, especially for late bilinguals for whom L1 was completely 
developed and fixed before the onset of attrition.  
 Secondly, the knowledge of a written code might enhance the perceived prestige of a 
language, thus increasing motivation for its maintenance (Christian, 1977). With respect to 
language learning, the crucial role of motivation has long been recognized (Gardner & 
Lambert, 1972) and similar observations obtain for some cases of polyglot language recovery 
following aphasia (Minkowski, 1928). Concerning attrition, it has been hypothesized that 
motivation and attitudes play a similar role (Dewaele, 2004; Gardner, 1982; Yoshitomi, 
1992), but the most compelling evidence is doubtless provided by Schmid’s (2002) data: 
Schmid analyzed interviews conducted with German Jews who left Germany between 1933 
and 1939 and found that the most important factor influencing L1 attrition was the period of 
emigration, which outweighed other variables such as age at emigration and contact with L1. 
Schmid explains this result by the fact that subjects who stayed longer in Germany suffered 
more from persecution, which created negative attitudes to German and lead the subjects to 
deliberately reject their L1. Children, even at a very young age, are highly sensitive to the 
perceived value of a language. The written code is generally perceived as a highly valuable 
‘object’ by children and a language used for reading and writing is felt to have a higher 
prestige than a language used orally only. It is thus very likely that literacy influences their 
motivation to maintain a minority language (e.g., Ó Laoire, 2002; Yoshida, 2002).  
 Finally, it has been hypothesized that literacy might influence the neuroanatomical and/or 
neurofunctional representation of language. Lecours, Mehler, Parente & collaborators (1988) 
point out that the role of the acquisition of reading and writing skills for the full actualization 
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of the functional lateralization potential is not yet known. On the basis of more variable 
aphasia patterns observed in illiterates, it has repeatedly been suggested that literacy plays a 
major role in cerebral dominance, (e.g., Wechsler, 1976; Métellus, Cathala, Issartier & Bodak, 
1981). These findings have not, however, been corroborated by dichotic listening studies (see 
Lecours et al., 1988 for a review), nor by broader group studies (Damasio, Castro-Caldas, 
Grosso & Ferro, 1976). The findings from Lecours et al.’s (1987, 1988) large-scale study 
remained somewhat inconclusive with respect to this issue, which is in part due to difficulties 
with the use of common aphasia tests among illiterate populations.  The lateralization issue 
notwithstanding, one might hypothesize that a language is not fixed as firmly in the memory 
of an illiterate person, all the more so if that person is a child. Whichever theoretical 
background one adopts, psycholinguistically, becoming literate in a language generates a 
second body of representations and/or connections to the oral representation the subject has 
already acquired. For languages with an alphabetic code, a reading beginner may manage with 
simple grapheme-phoneme conversion, but later on the child will have to build up an 
orthographic lexicon (be it in the form of an independent module or of additional 
connections). Such additional representations, along with the connections that will be 
established between oral and written representations, should contribute considerably to the 
grounding of the language. It can be argued that even in illiterate children, continued use of a 
language and growing automaticity (cf. also Goral, this issue) does increase the weight of the 
connections, however, literacy may speed up such a process. 
 In the case of L2 attrition, it has been argued that the ‘degree of stability of L2 knowledge’ 
contributes to language maintenance (e.g., Moorcroft & Gardner, 1982; Yoshitomi, 1992). 
The role of literacy in this context still needs to be investigated. The establishment of a 
linguistic system may depend on a multitude of factors such as increasing language 
experience, cognitive maturity and its influence on the use of different memory systems, etc. 
In which way literacy contributes to this interplay should, however, be elucidated. 
 
1.3. Conclusion 
 
 First of all, it should be emphasized that learning how to speak (in any language) and 
learning subsequent languages involves distinct processes. While there are probably 
biological constraints for the acquisition of an L1, we have seen that most of the evidence 
indicates that a strong, biological version of the CPH does not hold with respect to L2 
learning. It has been suggested that L1 acquisition and subsequent L2 learning rely on 
different memory systems (Paradis, 1994) and involve qualitatively different processes (Bley-
Vroman, 1989; Zobl, 1995) which could explain why the CPH applies to L1 acquisition—
largely based on implicit memory—, while it does not hold with respect to L2 learning which 
is more dependent on explicit memory. Unfortunately, this has not sufficiently been taken into 
account in the CPH literature. 
 However, some authors suggest more moderate alternatives of the CPH with more 
emphasis on cognitive than biological factors. Harley & Wang (1997), for example, prefer to 
refer to a ‘sensitive period’ which gradually declines with increasing age. This hypothesis has 
the advantage of being compatible with the absence of a sudden decline in learning ability and 
with ongoing age effects in adults. Similarly, Mack (2002: 162) suggests there is an initial CP 
during which language learning is optimal. This period (which may vary in length across 
different linguistic domains) is followed by a gradually declining sensitive period where 
language learning is still possible, though no longer optimal. Hakuta et al.’s claim (2003: 5) 
goes even further:  

“An alternative interpretation to the critical period hypothesis is that second 
language learning becomes compromised with age, potentially because of factors 
not specific to language that nevertheless interfere with the individual’s ability to 
learn a new language. These might include social and educational variables that 
influence learning potential and opportunity, and cognitive aging that gradually 
erodes some of the mechanisms necessary for learning a complex body of 
knowledge, such as a new language.” 

 This claim is in line with the view that language learning depends on cognitive factors that 
are age-dependent, such as general maturity (including, for example, memory performance, 
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attention, reasoning, general experience etc.). Literacy certainly plays some role in the 
development of at least some cognitive aspects, but this issue clearly needs further 
investigation. Moreover, one of the most important factors involved in language learning and 
attrition is motivation—including its consequences on the involvement of the limbic system 
(see Paradis, 1994; Schumann, 1998).Unfortunately, emotional factors have not yet received 
much attention. It is, however, possible that such factors may help differentiate between 
‘normal’ attrition in immigrant settings and language replacement in adopted children, for 
whom L2 communication is essential.  
 In contrast to the previously prevalent position which considered L1 competence as 
completely immutable, more recent attrition research tends to show that forgetting a language 
is frequently assumed to be a logical consequence of the acquisition of another language. It 
must nevertheless be kept in mind that balanced bilingualism does exist and that no 
relationship whatsoever between L2 level and L1 attrition has been demonstrated to date. In 
contrast, it seems to have been just as frequently assumed that attrition is not necessarily 
dependent on L2 attainment, which is therefore generally not assessed in L1 attrition studies. 
Such inconsistencies show that the consequences of possible maturational constraints on L2 
acquisition with respect to L1 attrition are far from being clear. Moreover, it is only 
acknowledged exceptionally that L1 and L2 processing might involve qualitatively different 
processes and memory systems, which undoubtedly has consequences not only for acquisition 
but also for attrition. 
 In summary, findings suggest that in children, who are still at an age enabling them to 
acquire languages incidentally, languages may, within short periods, replace each other if the 
environmental setting incites the child to do so. With increasing age, the linguistic knowledge 
of children is becoming more and more stable (for reasons that need to be further explored) 
and, additionally, due to growing cognitive maturity, explicit learning tends, more and more, 
to replace implicit acquisition. Consequently, an L2 learned later in life is more dependent on 
explicit memory than an L1 which has been stored implicitly. This gives rise to the question 
to what extent a language that has been learned later in life may have some influence on a 
formerly learned language.  
 
 
2. Lack of use versus L2 influence 
 
 There are two possible cognitive processes which may lead to attrition:  
a) The memory traces of a no longer used language ‘fade away’, as suggested by trace decay 
theories (Ebbinghaus, 1885) which claim that lack of use gradually leads to the extinction of a 
memory tracexi. 
b) Language information is modified under the influence of another language as predicted by 
Interference theory (Loftus, 1980; Underwood, 1957) which indicates that new information 
influences previous information (retroactive interference) that is similar in nature and vice 
versa (proactive interference).  
 The extinction of traces would be expected in the case in which a subject completely stops 
using language or a language. This, however, is hardly ever the case. In healthy unilingual 
aging, there is no reason for a reduction in language use, except with respect to particular 
discourse domains requiring specific vocabulary or registers which might be less frequently 
used (after retirement, for example). Even in the rather hypothetical desert island situation 
outlined by Sharwood Smith & Van Buren (1991: 22) and de Bot (2001: 68), one can assume 
that the subject will continue ‘talking to himself’. The outcome of such a situation remains in 
any case mere speculation. In unilingual aging, it is suggested that attrition is due more to 
decline in cognitive abilities (see Goral, this issue, for more details) than to language internal 
reasons.  
 Interference is most likely to occur in bilingual attrition. In the typical bilingual attrition 
setting, i.e. among migrants, L1 is replaced by L2 in most communication domains, and L2 is 
thus generally thought to strongly influence the attrition process. A large proportion of L1 
attrition studies are based on the cross-linguistic-influence (CLI) hypothesis (Sharwood 
Smith, 1983a). Pavlenko (2003: 34), for example, defines attrition as the “loss of (or inability 
to produce) some L1 elements due to L2 influence”. Interference from L2 can also be 
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explained by the interplay of language use and activation patterns. Even if the Activation 
Threshold Hypothesis (ATH) (Paradis, 1993, 2001), for example, predicts loss of accessibility 
as a consequence of disuse, it can be hypothesized that more frequently used competing L2 
items will influence L1 processing: for example, L1 items with a high activation threshold 
will be even more difficult to activate if there are L2 items with a very low activation 
threshold ready to ‘fire’, than if there are not (see Gürel, this issue; Köpke, 2002, for a more 
detailed discussion of the ATH with respect to attrition). However, both frameworks, the 
Interference Theory and the ATH, can only apply if the interfering or competing information 
is similar in nature. As we have already seen, this might not always be the case for first and 
second languagesxii.  
 While crosslinguistic influence from L1 on L2 played a major role in the first decades of 
L2 learning research (e.g., Lado, 1957; Selinker, 1969; Weinreich, 1953), L2 influence on L1 
in the context of bilingualism has only very recently been taken into consideration (e.g., Cook, 
2003; Pavlenko, 2000). It should be noted that studies published on the basis of this latter 
approach adopt Cook’s multi-competence framework for bilingualism (e.g., Cook, 1992, 
2003a) and explicitly avoid the term ‘attrition’. It is argued (e.g., Laufer, 2003; Jarvis, 2003) 
that the subjects under investigation cannot be considered as suffering from attrition, since 
their command of L1—despite the measured L2 influence—still allows satisfactory 
communication. This does, however, seem to be the case for many subjects involved in 
attrition studies: as Köpke & Schmid (2004) have pointed out recently, the empirical findings 
gathered up to now cannot even indicate whether L1 attrition exists at all in adult late 
bilinguals. I will, therefore, not distinguish between the two types of studies in what follows. 
As mentioned above, I assume that the underlying mechanisms are likely to be the same, 
whether the subjects still feel comfortable in L1 communication or not.  
 
2.1. Empirical data of L2 influence on attrition 
 
 The large number of empirical studies which have investigated L2 influence in L1 attrition 
has enabled the observation of L2 interference in all linguistic domains: phonetics (Major, 
1992; Ventureyra et al., this issue); morphophonology (Vago, 1991); morphology (Altenberg, 
1991; Kaufman & Aronoff, 1991; Seliger, 1991); syntax (e.g., Altenberg, 1991; Bouba, 
Filiaci, Heycock, Sorace & Tsimpli, 2002; Grosjean & Py, 1991; Gürel, 2002; Isurin, 2000; 
Köpke, 1999; Montrul, 2002; Schmid, 2002; Seliger, 1991; Yagmur, 1997); lexicon 
(Ammerlaan, 1996; Olshtain & Barzilay, 1991; Yagmur, 1997); semantics (e.g., Ben Rafael, 
2001; Jaspaert & Kroon, 1992; Pavlenko, 2000; Pelc, 2001). The observations concern a great 
variety of language combinations (L1-L2) with a large range of typological distances from 
closely related to largely unrelated language pairs: for example German-English (Altenberg, 
1991; Köpke, 1999; Schmid, 2002), Dutch-English (Ammerlaan, 1996; Jaspaert & Kroon, 
1992), Russian-English (Pavlenko, 2000), Turkish-English (Gürel, 2002; Yagmur, 1997), 
Greek-English (Bouba et al., 2002; Pelc, 2001), Italian-English (Bouba et al., 2002), Finnish-
English (Jarvis 2003), Spanish-English (Cuza, 2002; Montrul, 2002), Hebrew-English 
(Kaufman & Aronoff, 1991), Hungarian-Hebrew (Vago, 1991), French-Hebrew (Ben Rafael, 
2001), English-Hebrew (Laufer, 2003; Seliger, 1991), Spanish-French (Grosjean & Py, 1991), 
German-French (Köpke, 1999), English-Brazilian (Major, 1992), and Korean-French (Pallier, 
Dehaene, Poline, LeBihan, Argenti, Dupoux & Mehler, 2003; Ventureyra et al., this issue), 
among others. 
 Once again, the findings are more clear-cut in L1 attrition studies investigating children. 
Kaufman & Aronoff (1991: 187) report on the “incorporation of L1 into L2” with respect to 
morphology in a 2 to 4-year-old Hebrew-English bilingual. In other words, L1, i.e. the 
remains of it—mostly isolated lexical items in this case—, is integrated into L2 which is 
becoming more and more the dominant language system. Seliger (1991:239) observes that 
“Hebrew word order rules for the placement of the PP are combined with and partially replace 
the English rules…” in a 9-year-old English-Hebrew bilingual; Sharwood Smith (1983a) 
reports on two student investigations where errors in adverbial placement which could only be 
ascribed to L2 influence were observed in English-Dutch bilingual teenagers. These findings 
lead Sharwood Smith to claim that L2 transfer is a fundamental process in attrition (Sharwood 
Smith, 1983a: 229).  
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 Concerning adults, in most studies that do find evidence for attrition, the authors attribute 
attrition effects to interference from L2: for example, Major (1992) who measured VOTs in 
colloquial English speech that were close to L2 (Brazilian) standards, and several authors 
reporting on syntactic calques (e.g., Grosjean & Py, 1991; Hutz, 2004; Yagmur, 1997). The 
linguistic domain in which most L2 influence has been reported is doubtlessly the 
lexicosemantic domain. Most authors have observed borrowings and semantic adaptations (cf. 
examples in Ben Rafael, 2001; Hutz, 2004; Jaspaert & Kroon, 1992; among others). L1 
lexical retrieval also was found to be influenced by L2 characteristics (Ammerlaan, 1996). 
However, L2 influence is not the only way to interpret the data in all cases. For example, 
concerning Major’s VOT study (Major, 1992), it can be argued that the Brazilian VOT 
standards simply represent the less marked variety compared to English. Similarly, as Schmid 
(2002: 13) points out, with respect to syntax or morphology, it is often impossible to conclude 
whether attrition is more influenced by external (L2) or internal (simplification) factors, since 
most attrition studies investigated an analytical language (English) as L2.  
 Four studies have tried to overcome such difficulties by developing a methodology aimed 
at measuring L2 influence. Schoenmakers-Klein Gunnewiek (1998) and Köpke (1999) both 
contrasted two groups of immigrants with the same L1 and different L2s. Schoenmakers-
Klein Gunnewiek (1998) investigated Portuguese immigrants in the Netherlands and in 
France and focused on semantic interference from the L2. Since her informants on the whole 
showed only very little interference, the findings were not conclusive for the influence of L2 
semanticsxiii. In Köpke (1999), I investigated morpho-syntactic L2 interference among 
German immigrants in France and in Canada by building up linguistic material contrasting 
either German and English or German and French. This material was tested in three tasks: 
picture description, sentence generation and grammaticality judgment. It was expected that 
the immigrants would have most difficulties with L1 structures contrasting with their L2. 
Such L2 interference was most obvious in the grammaticality judgments. However, even in 
this task, L2 interference was not the only source of errors (see Goral, this issue, for further 
description of this study). Altenberg (1991) used a similar technique in a pilot study with two 
German-English bilinguals. The linguistic material for a grammaticality judgment task was 
calqued either on L2, or on Spanish, a language the subjects did not know at all. The results 
showed that ungrammatical L1 sentences which were grammatical in L2 were judged more 
acceptable than sentences which were ungrammatical in L1 and L2xiv. Pelc (2001) obtained 
similar results with the same methodology for the judgment of verb-usage in a group of 
Greek-English bilinguals. 
In sum, these studies nevertheless support the hypothesis that transfer from L2 is a 
fundamental process in attrition, as was claimed by Sharwood Smith (1983a: 229). 
Interestingly, they furthermore suggest that interference is all the more likely as structures are 
similar in both languages. Similarity may be phonological or structural or both (as is 
frequently the case in closely related languages like English and German). Altenberg even 
concluded that L1 and L2 similarity is a necessary condition for transfer. This is in line with 
what was stated above with respect to interference theory.  
 
2.2. Amount of contact with L1 
 
 Another way to investigate whether attrition is due to L2 influence or to lack of use is to 
examine the role of the amount of contact the subject has maintained with L1. This factor is 
generally assumed to be essential, since it is linked to frequency of L1 use which should be a 
key variable following activation/inhibition based frameworks like the Activation Threshold 
Hypothesis (Paradis, e.g., 1993, 2001). In many studies this factor has been crucial in the 
selection of participants who form a homogenous group at this level, but some studies allow 
for further investigation. Among these, de Bot et al. (1991) and Köpke (1999) found that 
attrition was greater in subjects who had less contact with L1, whereas Jaspaert & Kroon 
(1989) found no correlation between attrition and the amount of contact in Italian immigrants 
in the Netherlands. 
 In the few studies in which the onset of attrition coincides with a total break in L1 use, i.e. 
studies dealing with adopted children, attrition is indeed very fast and, apparently definitive 
(Isurin, 2000; Nicoladis & Grabois, 2002; Pallier et al., 2003; Ventureyra et al., this issue). 
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These studies, however, concerned young children; for adults, there are numerous examples 
from studies which find evidence for attrition (or at least for L2 influence) despite the fact that 
the participants continue using their L1 on an often daily basis (e.g., Altenberg, 1991; Ben 
Rafael, 2001; Grosjean & Py, 1991; Jarvis, 2003; Major, 1992; Olshtain & Barzilay, 1991). 
 Thus, the role of the ‘amount of contact’ factor remains rather ambivalent. This might, at 
least in part, be ascribed to difficulties in the measurement of contact, as stressed by Köpke & 
Schmid (2004). Researchers generally have to rely on self-reports which may in turn be 
influenced by language attitudes. Furthermore, it is not yet clear what role different kinds of 
language contact play. Should one focus on ‘active’ language use in the sense of output, or is 
regular input more important for language maintenance? With respect to L1 attrition in late 
bilinguals, I suggested above that a little contact might be enough to maintain a mature 
linguistic system and that input in the form of reading might be sufficient in many cases. 
While this issue had already been raised by Sharwood Smith & Van Buren in 1991, it has 
been taken up only very recently by de Bot (2002). Sharwood Smith & Van Buren’s 
suggestion (1991: 23) was that external evidence is needed not only for developing a language 
system, but also for maintaining it. In the case of L1 attrition, the L1 would thus change “not 
because of lack of use but because of a lack of confirming evidence that the L1 is the way it is 
in a community of native speakers”. Input would thus be determining as a source of 
confirming evidence. In the absence of sufficient L1 evidence due to lack of contact, the 
subject would rely on L2 input which would inevitably cause L2 interference (note that the 
neurological mechanisms underlying such processes are still unknown).  
 Furthermore, taking into consideration the input factor implies that not only quantity of 
input should be considered, but also quality. It has been suggested by several authors (Cook, 
2003; de Bot et al., 1991; Köpke, 2001; Py, 1986) that attrition in subjects who are part of an 
immigrant community does not necessarily follow the same mechanisms as attrition in more 
isolated immigrants. As Cook (2003b: 14) puts it: “In addition, the problem is sometimes that 
the L2 user who is part of a minority in a culture may be socializing with a group of fellow L1 
speakers. Over time these isolated L1 communities may evolve their own language.” and 
further: “In these complex social situations, it is hard to decide whether there is really an 
effect of L2 on L1 or there has simply been an evolutionary change in the L1 as spoken by 
particular groups” (Cook, 2003b: 15). 
 In such cases, L1 input from other immigrants—already characterized by L2 influencexv—
would gradually lead to the emergence of a new contact variety (cf. Grosjean & Py, 1991). 
This is why it can be hypothesized that intensive contact with other immigrants in the host 
country is not necessarily the best condition for language maintenance, at least regarding 
native standards. It should be clear that such a modification of the linguistic norms in an 
immigrant group—as a sociolinguistic process—differs considerably from the erosion process 
taking place in individual immigrants that interests us here. One must, nevertheless, be aware 
of the existence of such phenomena. 
 What appears clearly in the literature is that attrition—and L2 influence more generally – 
might occur at different levels, involving distinct mechanisms, as claimed by Sharwood Smith 
(1983b).  
(a) First of all, with respect to chronology and frequency, as seen above, attrition may occur at 
the performance level, corresponding to stage 1 in Sharwood Smith’s three stage framework.. 
Performance attrition can be ascribed to the competition between two linguistic systems in the 
on-line processing of languages, which results in higher activation thresholds and limitation of 
resources in the weaker language. Typical performance problems arise in lexical retrieval, but 
also include all kinds of errors due to processing difficulties, in time-constrained tasks in 
particular. These kinds of performance problems may – to a higher degree – also be found in 
pathological cases. Performance problems are best evidenced by research designs allowing the 
analysis of the role of task demands for L2 influence (e.g., Ammerlaan, 1996; Jarvis, 2003; 
Köpke, 1999; Major, 1992, etc.). Additionally, it is most likely that different tasks rely 
differently on linguistic knowledge: this is best illustrated by comparisons between judgment 
tasks and more informal oral production tasks which yield generally distinct results (for a 
detailed discussion of judgment tasks, see Altenberg & Vago, 2004) 
(b) Attrition may also entail a restructuring at the competence level (as in Sharwood Smith’s 
stage 3): the case of the evolution of a language variety in linguistic minorities put aside, such 
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restructuring has been mainly observed in children, but may also occur, to a lesser degree, in 
adults. If such restructuring can be ascribed to lack of L1 input as external evidence for the 
maintenance of L1, the mechanisms that govern the maintenance of a mature linguistic system 
need to be brought to light. It can be assumed that the question of input is different for 
children who are still in a developmental process. Nonetheless, the recent acknowledgement 
of L2 influence in late bilinguals and attrition phenomena in bilinguals and aging unilinguals 
suggest that such developmental processes may never end. 
 These distinct attrition levels are differently affected by L2 interference and evidently do 
not rely on the same mechanisms. This suggests a need for future studies focusing on the 
qualitative aspects of brain processing and on general cognition in the context of attrition. It 
should also be considered that different mechanisms may be operating simultaneously at 
different levels: namely environmental (input, linguistic norms, attitudes, etc.), 
psycholinguistic (interference, trace decline) and neurolinguistic (activation thresholds, 
resource attribution) factors. Conceivably, the interplay of several of these mechanisms is 
necessary to generate attrition. 
 
 
3. Conclusion and summary 
 
The questions which have been raised in this paper are fundamental for many research issues 
concerned with language processing in polyglots. The most important conclusion—to which 
the growing interest in attrition over the last twenty years has contributed substantially—is 
that language competence is not stable. A better understanding of language decline in healthy 
subjects—be it in the context of bilingualism or in normal aging—is crucially needed for a 
better assessment of language problems in pathological casesxvi. The concept of a fluctuating 
linguistic multi-competence (Cook, 1992, 2003a; Grosjean, 1985, 1989)—which arises from 
taking into account the dynamics of language processing—thus seriously questions the mere 
existence of something like ‘ultimate attainment’ in language learning and perhaps the 
validity of other concepts concerning language processing.  
 The picture of attrition which can be drawn from the current findings shows that it is most 
likely that individual attrition is governed by processes which have their roots in the overall 
cognitive nature of memory. More and more converging evidence points towards L1 attrition 
in adults being essentially a psycho- or neurolinguistic issue related to brain and behavioral 
constraints. This conception of attrition is best illustrated by a recent definition given by de 
Bot (2002): “L1 language attrition is both a decline of retrievability of declarative linguistic 
knowledge and deproceduralization of linguistic knowledge in L1, and an increase of 
competition by L2 knowledge.” This dimension of language attrition has so far not been 
acknowledged, despite its significance for a more comprehensive understanding of 
bilingualism in general. Accordingly, one of the most important conclusion that can be drawn 
after 20 years of attrition research is that—as outlined in Köpke & Schmid (2004)— the most 
important extralinguistic factors shown to influence L1 attrition have their psycholinguistic 
counterparts:  
- educational level (which, in some cases, seems to prevent attrition) can be linked to 

the amount of declarative knowledge of a language; 
- the age effect in attrition is probably related to maturational constraints for language 

acquisition and growing automaticity  (discussed in Goral, this issue);  
- frequency of use has direct consequences on activation levels and thus influences the 

balance between the two languages.  
 Sociolinguistic studies brought the importance of these factors to light, but 
psycholinguistic and neurolinguistic research are urgently needed in order to explain why 
these factors are so important. This certainly is the most important research question to be 
challenged in the next years and the outcomes will be of interest for other scientific domains 
than attrition research alone. Complex research issues like bilingualism and attrition clearly 
require integrative approaches. As suggested by Albert, Tabor Connor & Obler (2000), 
neurolinguistic and neuropsychological research would gain from taking into account 
environmental factors. Yet the reverse is also true, many professed sociolinguistic research 
domains might greatly benefit from being approached from a more biological angle. 
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Comparisons between different populations and language situations have always been an 
important part of research (as the longevity of the Regression Hypothesis testifies). Such 
comparisons are essential as it is very unlikely that the general principles of human cognition 
change among populations.  
 
 The papers in the present issue are intended to be a first step in this direction. Each paper 
addresses the issues of the role of age and frequency of use—which have been the focus of 
this introduction— in a very different manner. Goral reviews the literature on healthy aging in 
unilinguals and on bilingual attrition with special attention to lexical retrieval. This approach 
is unique and complements the existing comparisons between language acquisition and 
attrition. Unlike bilingual attriters, aging subjects remain part of the L1 community and are 
not influenced by another language. The parallelisms between both types of processes not 
only illuminate some basic principles of language processing, but is also of paramount 
importance on account of the fact that many bilingual participants in attrition studies are aging 
persons. Gürel reports on L1 attrition of overt and null pronouns in Turkish immigrants with 
little contact with L1. It is one of the first papers where data from a linguistic study of L1 
attrition are discussed with respect to a neuropsycholinguistic framework, in this case the 
Activation Threshold Hypothesis. This approach seems promising since the ATH appears to 
be valid for predicting what kind of linguistic structures will be more vulnerable to attrition. 
Ventureyra et al. present the first results of behavioral measures of phonetic perception in 
adopted Koreans. Other than in Goral’s study, subjects under investigation here are 
characterized by a complete change in language use, having made a complete shift to L2. 
Since the adopted subjects were children at the onset of attrition, this study directly addresses 
the Critical Period Hypothesis. The findings underscore the results from a previous fMRI 
study with the same population (Pallier et al., 2003), which suggested that L1 had been 
completely forgotten by these subjects. Furthermore, the study suggests that phonetic aspects 
can be perfectly acquired past infancy, at least in such specific circumstances. 
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i It is not my intention here to challenge the holistic view of “the bilingual as a competent but specific speaker-
hearer” (Grosjean, 1985) or in the sense of Cook’s multicompetence framework (Cook, 1992, 2003b) (see 
below).  
ii Green’s (1986) model is based on three key notions: control, activation, and resource. Concerning the first, 
Green claims that speech errors in healthy subjects but also most errors observed in aphasics are due to 
difficulties in controlling intact language systems. Control is obtained by the interplay of activation and 
inhibition mechanisms. With respect to activation, Green distinguishes 3 states. Accordingly, a language can be 
either selected (controlling linguistic processing), active (playing some role in linguistic processing though not 
being selected), or dormant (stored in long term memory without influencing ongoing linguistic processing). 
Finally, Green stresses that the control of the languages needs resources that are attributed to each language by a 
resource generator. 
iii See, however, the data discussed by Green (1998, 2002) indicating that, in specific circumstances, reaction 
times might be longer in the dominant language.  
iv The ‘last-learned first-out’ mechanism claimed by the Regression Hypothesis may also be linked to greater 
automaticity as suggested by Obler (1993: 189): “To the extent the Regression Hypothesis holds, we may argue 
that overlearned items are stored in some more automatic core which facilitates access.” 
v It has to be stressed that the onset of bilingualism and the onset of attrition are not necessarily the same, even if 
this is generally assumed. There might however be cases where a subject acquires two languages either 
simultaneously or successively and goes through a period of more or less balanced bilingualism due to external 
circumstances favoring the usage of both languages. Attrition would be expected in such a case only following a 
change in the subject’s life which would considerably reduce the role of one of the languages. 
vi Note that similar findings have been reported for L2 or L3 attrition in children (Berman & Olshtain, 1983; 
Kuhberg, 1992; Olshtain, 1986) 
vii A model of second language acquisition/learning based on several hypotheses: the acquisition-learning 
hypothesis, monitor hypothesis, input hypothesis, natural order hypothesis, and affective filter hypothesis. 
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viii This is illustrated by the fact that in the CPH literature (as well as in this paper) ‘acquisition’ and ‘learning’ 
are used interchangeably for both L1 and L2 most of the time. 
ix L1 acquirers are young in general understanding, cognitively undeveloped, dispose of insufficient evidence 
and are not sensitive to correction or instruction. L2 learners are not so young, cognitively more developed, they 
dispose of very different (albeit still little) evidence and are generally sensitive to correction or instruction. 
Individual factors (intelligence, motivation, etc.) play a much greater role in L2 learning than in L1 acquisition, 
the latter showing much lesser variation in process and outcome (cf. Moskovsky, 2002). 
x “It is certainly conceivable that […] early and late L2 acquirers process language differently, even if the 
resulting ‘performance’ is the same.” (Obler, 1993: 185) 
xi Or to a rising of its activation threshold that, eventually, makes the item inaccessible—as predicted by the 
Activation Threshold Hypothesis (Paradis, 1993, 2001). 
xii This is perhaps one of the reasons why the Contrastive Hypothesis (Lado, 1957) has not been more successful 
with respect to L2 learning. 
xiii Note however that conceptual L2 interference has been observed for example by Pavlenko (2000) in Russian-
English late bilinguals performing a film-telling task, suggesting that semantics may in other cases be one of the 
linguistic domains where L2 influence is most evident.  
xiv Note that grammaticality judgments in English showed a similar influence from German. This may rather be a 
case of L2 influence in Cook’s (2003a) understanding and not a case of attrition – all the more so since the 
subjects were a couple using L1 with each other on a daily basis.  
xv Many examples can be found in the ethnic minority papers in countries like the United States or Canada. 
xvi The case of a hepta-lingual aphasic described by Galloway (1978) who can safely be assumed to have attrited 
in at least two of his seven languages, comes to mind. 
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