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ABSTRACT 

The critical period hypothesis for second language 

learning, which states that young children learn additional 

languages better than adults, lacks unambiguous empirical 

support as well as a coherent theoretical model. 

An experimental study was conducted which analyzed 

child-adult differences in difficulty of acquisition and 

long-term retention for rules of syntax and words in 

Japanese, a language unfamiliar to the subjects. 

8 

The results of this study found no advantage for 

children over adults either in acquisition or long-term 

memory. However, relative to the difficulty of acquisition, 

the children had lower forgetting rates for words than for 

rules when both materials were learned completely. In the 

lexical study, the children's performance at retention was 

closer to the adults' than at acquisition, whereas in the 

syntax study, the opposite was the case. 

These results confirm the existence of developmental 

differences in the forgetting rates of different materials. 

Such results imply that, if there is an advantage for 

learning language at an early age, it might' be localized in 

lexical retention. 
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CHAPTER 1 

INTRODUCTION 

The Problem 

Young children's apparently miraculous and effortless 

acquisition of language has been viewed by philosophers, 

scientists and parents for centuries as the sine qua non of 

natural development, a process that unfolds inexorably 

without instruction and is almost universally successful. A 

less reliable observation is that adults find second 

language learning so effortful and frustrating that they 

often fail and seldom, if ever, reach the level of fluency 

of native speakers. It has always been common knowledge 

that the unfolding and exercise of an extraordinary, 

specifically human talent for language learning was limited 

to childhood and declined as age advanced. 

This venerable observation of folk psychology was 

lihked to scientific studies of maturational changes in the 

brain by Penfield and Roberts (1959). Lenneberg (1967), 

citing additional evidence of loss of plasticity with age in 

recovery from aphasia, explained the critical period as due 

to a gradual lateralization of language function in the 

brain. With Lenneberg, the hypothesis that ability to learn 

language was limited to a neurobiological critical period 

was firmly established. Although the empirical 
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justification for Lenneberg's construct of a critical period 

for second language learning was weak, this hypothesis was 

enthusiastically embraced by a generation of scholars who 

championed a more prominent role for innate predispositions 

than had been entertained by behaviorists. Striking 

evidence of critical periods in animal development led to 

expectation of similar phenomena in the complex and little 

understood biological mechanisms underlying the human 

ability for speech. Ascertaining the nature and operational 

schedule of the human genetic program for language has been 

the central problem in child language research and 

linguistics since Chomsky's (1965) revolutionary critique of 

the behaviorist account of language learning. Although a 

critical period is not entailed by theories of innate 

language universals, the existence of a critical period does 

count as evidence of a genetic program and therefore is 

strongly favored by most followers of theories that descend 

from Chomsky (e.g., Dulay and Burt, 1973; Ervin-Tripp, 1974; 

Johnson and Newport, 1989; Larsen-Freeman, 1991; Long, 1990; 

Oyama, 1978; Patkowski, 1980; Rosansky, 1975; Seliger, 1978; 

Selinker, 1972; Wexler and Culicover, 1980). 

Although the applicability of biological critical 

periods to language learning has not gone unchallenged 

(e.g.,Bever, 1981; Colombo, 1982; McLaughlin, 1977), there 

is broad con~ensus that they are likely to be a maj6r factor 

in first language acquisition, although their timing, levels 
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of operation and outcomes remain a matter of speculation. 

Bilingual education, foreign language programs in the 

elementary schools, English as a second language programs 

and post-secondary language programs have a vi·tal interest 

in the age factor in second language learning. It is 

primarily studies about the effects of the critical period 

in second language acquisition that are appealed to when 

raising the question of the optimal age to begin learning a 

second language. Evidence for a critical period has obvious 

implications for the task of determining the standards and 

goals of foreign and second language curricula in adult and 

higher education. For example, if adults cannot acquire a 

second language "naturally" by exposure and use, what 

compensatory methods should be employed? What expectations 

should govern advanced studies in second language if adults 

are unable to achieve native competence in pronunciation, 

syntax and lexical nuance? How language educators are 

trained to maximize the effectiveness of teaching language 

to different age groups reflects the dominant beliefs about 

the existence and effects of maturational constraints. 

Methodology courses in second language teaching often 

appeal to the critical period hypothesis as a justification 

for an analytic, linguistically sophisticated approach to 

adult second language learning. Children, on the other 

hand, are assumed to be incapable of metalinguistic insight 

but able to "pick up" language from mere exposure, and 



therefore most elementary curricula in second languages 

employ methods that eschew grammatical explanations. 
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The most controversial tenet iOn applying the critical 

period construct to second language acquisition is that it 

entails the loss over development of higher order cognitive 

abilities, whereas the general outlook is one of continuing 

cognitive gains with age. The onus on proponents of second 

language critical period effects is to delineate just what 

it is that declines with age, if anything. A review of the 

literature reveals unresolved ambiguity in this regard. 

The Purpose of the Study 

The purpose of this study is to contribute to the 

disambiguation of the empirical evidence concerning a 

critical period for second language acquisition. 

Specifically, the study investigates an aspect of 

developmental change in memory, the difference between 

learning and forgetting, as a potential source of critical 

period effects. Although this relationship has not been 

previously explored as a candidate for the mechanism of 

change which results in the decli~~ of language learning 

abi)ity, it is implicated in the currently influential 

version of the critical period hypothesis and also in the 

general biological construct of critical period. 

The version of the critical period for second language 

acquisition that is consistent with the findings of a number 
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of recent studies of adults and children immersed for an 

extended period in a second language speech community is 

that, although the adults' initial rate of acquisition is 

faster than the children's, the children eventually surpass 

the adults and reach an end state much closer to native 

proficiency (Johnson and Newport, 1989; Oyama, 1973; 

Patkowski, 1980; Scovel, 1981). These studies find that the 

absolute length of time of exposure does not effect this 

outcome; it is the age of immersion--the earlier, the more 

native-like the outcome--that predicts the end state. 

Critics propose many alternative explanations for these 

findings, and indeed the uncontrollable variables in such 

cross-sectional studies are vast. For example adults, 

having established a social and cultural identity, have much 

less motivation to be accepted as native than children who 

are immersed in a second language speech community. Another 

source of sociolinguistic and motivational confounds is the 

isolation of most of the younger subjects in these studies 

from their native language speech community. Given the 

differences in motivation and access to primary language 

cultural intercourse, the amount of time spent in the second 

language community cannot be counted as an equivalent 

measure of exposure for adults and children. 

The critical period explanatory framework should be 

subjected to experimental verification in view of its 

theoretical and practical importance. A compelling 



14 

implication of these studies, which report adult superiority 

to be eventually surpassed by children, is that children 

within the receptive age limits experience more difficulty 

in acquiring linguistic forms than adults. 

If young children experience more difficulty at 

acquisition but eventually surpass older learners, it could 

be because of superior endurance of memory or, in other 

words, lower forgetting rates for elements of the new 

language than that of older learners. This hypothesis takes 

into consideration the experimental findings that learning 

and forgetting display a degree of independence; they 

respond differently to the type of material learned and 

undergo changes over development in their interrelatedness 

that has yet to be fully explicated (Brainerd et al., 1990). 

To entertain the hypothesis that elements of a second 

language will be learned and remembered in an asymmetrical 

fashion, where the same difficulty of learning within the 

critical period predicts lower forgetting rates than 

learning outside the terminus, is simply to state a critical 

period effect in terms of memory, which is the ultimate 

locus of critical ~~riod effects whether they originate in 

the activation of innate knowledge or some other device. 

Extant studies find the rate of forgetting to decrease with 

age until young adulthood (Brainerd, et. al, 1990). These 

findings contradict the critical period hypothesis and 

suggest further testing of memory for particular aspects of 
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language. Such focused experiments are crucial since a 

critical period is defined as an exceptional sensitivity to 

a specific environmental stimulus during a limited period of 

development. 

As with many scientific constructs, the critical period 

hypothesis comes in a variety of conceptual incarnations 

depending on the level of analysis to which it is applied. 

Critical periods in embryology are highly restricted 

temporal spans during which undifferentiated cells can be 

made to differentiate. In neurobiology, a critical period 

is one in which neural organization is being determined by 

environmental stimuli and internal processes. However, it 

is the ethological concept of critical period that 

encompasses complex behaviors and appears most obviously 

applicable to language acquisition. At this level, a 

critical period is a time during which behavior is more 

strongly affected by an environmental stimulus than it is 

outside the period (Browman, 1989). Avian imprinting in 

memory of the caretaker and of bird song are well-researched 

examples of critical periods operating at the ethological 

level which suggest that the forgetting rate within the 

critical period is dramatically lower for a particular set 

of environmental stimuli than for others. 

Limitations of the Study 

This study is limited to an investigation of 



differences in acquisition and retention in children and 

adults of a small number of words and rules in Japanese. 

These items were selected to incorporate contrasts between 
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different processing demands in learning and memory. Words, 

word order and morphological markers are universal 
n 

'linguistic distinctions. However, there are other aspects 

of language which could be the locus of critical period 

effects, for example, pronunciation, communicative 

competence and pragmatics. The results of this study cannot 

be generalized to these aspects of language acquisition. 

The possibility of multiple critical periods for 

language learning (Seliger, 1978) is not addressed in this 

study. In order to control for developmental differences in 

acquisition and retention, the age of the children 

participating in the study was narrowly restricted to within 

six months of eight years. The corpus of data concerning 

the critical period should be concerned with all points of 

development in increments as fine as possible. Although the 

results of this study cannot be' generalized beyond the ages 

of the subjects, it can be asserted that this age represents 

a m~dpoint in the critical period as most commonly 

hypothesized, and there is strong evidence that children at 

this age can learn a second language to native proficiency 

(Singleton, 1989). 



Background 

Proponents of a critical period for second language 

learning have generally settled on a version which claims 
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.that the advantage for younger learners over post-critical 

period learners can only be measured in terms of ultimate 

achievement and not in terms of initial gains or rate of 

acquisition (for extensive reviews, see Long, 1990; Krashen, 

1982; Newport, 1991; Oyama, 1979; Patkowski, 1990; Scovel, 

1988 and Seliger, 1981). This version of the critical 

period hypothesis takes into cons; deration a large body of 

research in which adult and adolescent second language 

learners consistently demonstrate initial superior 

performance over children on common measures of language 

ability (pronunciation is often excepted from the claim that 

older is initially better) whereas it emphasizes studies 

that find late age of arrival or immersion in a second 

language speech community to predict a level of ultimate 

achievement that falls significantly short of early arrivals 

and native speakers. In an extensive review, Singleton 

(1989) found little support for strong versions of the 

critical period but broad consensus for the ultimate 

achievement position. Reviews by Krashen et. al, (1979) and 

Snow (1983) reached similar conclusions. The gist of these 

findings is that relatively short longitudinal studies of 

adults and children learning second languages under similar 

conditions always find an adult advantage, whereas cross-
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sectional studies of immigrants to a new speech community 

consistently find that early age of arrival correlates with 

higher ultimate achievement. 

However, in the varied theoretical frameworks of these 

studies, there are no explanatory mechanisms proposed for 

ultimate achievement. For example Seliger's (1981) various 

aspects of neuroiogical maturation, Newport's (1990) "more 

is less" proposal that hypothesis testing is easier for 

children, Sokolnik's (1991) invocation of nerve growth 

factor, or the barrier to natural acquisition presented by 

advanced cognitive development (Rosansky, 1975; Felix, 1981; 

Krashen, 1975), can all be interpreted as a childhood 

advantage only in ease or rate of acquisition. Newport 

(1991), for example, after making a case for the evidence 

that supports an "ultimate achievement" hypothesis, explains 

how a restrictive input filter could make acquisition easier 

and more effective by reducing computational complexity and 

the testing of fruitless hypotheses. The adult lacking the 

input filter woul~ simply be a less effective learner. 

There is a contradiction between the version of the critical 

period hypothesis advocated (ultimate achievement) and the 

explanations of the childhood advantage which are all 

acquisition factors. In other words, all current theories 

that purport to explain the critical period effects reported 

in empirical research fail to explain the disparity between 

the findings for the rate of acquisition and ultimate 
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achievement. This study focuses on the possibility that 

this disparity can be explained by an asymmetry between the 

difficulty of acquisition and long-term memory for words and 

rules of an unfamiliar language. 

Issues Addressed in the Design of the Study 

The purpose of this study is to compare measures of 

acquisition and retention for novel language forms in 

subjects whose ages are within the hypothesized critical 

period with that of subjects whose ages are well beyond it. 

Because the study is concerned with second language 

acquisition, it would be ideal to sample subjects whose 

first language was as developed as possible but who are 

still within the critical period. This approach would avoid 

any interdependence between the stage of first language 

development and the ability to learn a second (Cummins, 

1979). Although language continues to develop well into 

adolescence, eight years of age represents a balance between 

maximizing first language development and minimizing the 

distance in age from the onset of the hypothesized critical 

period. Braine et al. (1990) arrfves at the span of ages 7 

to 10 after reviewing evidence for maximum access to the 

heightened learning capacities of the critical period. 

Newport (1990), in cross-sectional studies of immigrant 

children and deaf children, found declines in ultimate 

achievement to begin as early as 4 or 5 years of age. 
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However, there is general consensus that the balance of 

maximum cognitive and intellectual development with 

continued operation of critical period mechanisms would 

encompass the span of 7 to 10 years of age (Slobin, 1973, 

1983, Singleton, 1989). For the older group, the lower 

limit of 18 years of age was set, well beyond any proposed. 

critical period terminus. The upper limit of 45 falls short 

of the onset of declines in verbal memory (Singleton, 1989; 

Bahrick, 1984; Karmiloff-Smith, 1985). 

The question addressed by the study is whether long

term memory for novel linguistic input, either lexi'cai items 

or syntactic rules, is different for children and aaults 

when both reach comparable levels of acquisition in 

criterion learning sessions. The study is primarily focused 

on the possibility of developmental differences in the 

difficulty of acquisition versus retention performance. 

Such developmental differences would explain an adult 

disadvantage for learning a second language in spite of 

initial superiority over children in rate of acquisition. 

A basic contrast that this study is designed to 

investigate is that between acquisition and retention of 

lexical items versus syntactical rules. Although 

Lenneberg's (1967) original model of the critical period for 

language learning followed Chomsky in viewing syntax as the 

essence of langu~ge, most empirical studies have been 

concerned with other aspects of language as well. However, 
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few studies focused on critical period effects have been 

concerned with the acquisition of vocabulary. This seems a 

curious neglect in view of the phenomenal rate of lexical 

learning that goes on during the proposed critical period 

(Miller, 1987). Also there has been a general shift by 

investigators of language acquisition from primary concern 

with syntax to a great deal of interest in semantic 

organization and lexical acquisition (e.g., Maratsos, 1988; 

Rosch, 1975; Bowerman, 1982; Carey, 1982; Clark, 1987; 

MacWhinney, 1987; Markman, ~989). The cognitive complexity 

of lexical induction can be equal to that of syntax 

(Woodward and Markman, 1991: p. 139) and a "lexical 

approach" to language acquisition has emerged (Roeper et 

al., 1981). 

Many of Slobin's (1973) universal operating principles 

apply to both syntax and lexical acquisition as does Clark's 

(1987) principle of contrast, MacWhinney's competition model 

and Merriman and Bowman's (1989) mutual exclusivity 

hypothesis, all of which have been postulated as constraints 

or biases that operate only during childhood language 

acquisition. These"constructs are not proposed by their 

authors as explanations for the critical period but rather 

are viewed as universal strategies and processes used by 

children in learning their first language. These principles 

could explain the critical period in second language 

learning if it could be demonstrated that they operate 



exclusively in childhood and that they confer an advantage 

to the learners who use them over those who do not. 
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The syntax study tests child-adult difference in 

.learning and forgetting of word order rules versus rules 

that mark the subject and object function with a particle 

following the noun. In this study, word order is only 

concerned with the order of appearance of the subject, verb 

and object in declarative sentences, which are the units 

used to classify languages according to their dominant 

pattern of word order (Slobin, 1973). Word order has often 

been postulated as an innate bias. Critical period 

proponents often assert that innate biases operate only 

within the critical period (e.g., Johnson and Newport, 1989; 

Schneiderman and Desmarais, 1988; Scovel, 1981; Seliger, 

1981). 

Hakuta (1977) conducted studies of Japanese children's 

comprehension, production and imitation of sentences with 

varied word order and concluded that both word order and 

particle were equally influential in guiding the children's 

interpretation of sentences. Children acted out their 

understanding of sentences constructed with two'nouns which 

were both equally likely as subject or object. The sentences 

were NNV (noun-noun-verb) in word order and were marked with 

the subject (gs) and object (Q) particles following either 

the first or second noun. In Japanese, the soy word order ;s 

dominant but OSV is allowed since the particle is the 
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unambiguous signal for grammatical function. The subject 

marker gg is obligatory whereas the object maker Q is often 

eliminated in informal speech. Also in OSV sentences, the 

object marker Q is normally replaced with the topicalizing 

particle wa. The children misinterpreted the OSV sentences 

significantly more often than the SOY sentences and in 

production and imitation virtually all errors were on OSV 

sentences where the order of the particle was reversed 

rather than the order of the nouns. Hakuta interprets these 

results as evidence that children develop acquisition 

strategies that are sensitive to the correlation between 

inflectional devices and word order based on the input 

frequencies of the native language. Rather than a universal 

bias for either word order or inflections as a primary 

acquisition strategy, the relative importance and regularity 

of these devices in the input determine the order and 

difficulty of acquisition. 

Slob;n (1982) contrasts these results with a similar 

study of Turkish ·children ;n which it was found that OSV 

word order was acquired at a much earlier age than the 

Japanese children. In Turkish, all possible word orders are 

frequent and convey pragmatic focusing cues, whereas the 

inflectional markers are highly regular and obligatory. 

Cross-linguistic comparisons reveal a continuum in the 

precocity of acquiring inflections and word order that 

correlates with the regularity and importance of these 
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devices in the input language. Thus, English children apply 

an inflexible word order strategy since inflectional cues 

are minimal and irregular. Italian children correctly 

process non-canonical word order at an earlier age, since 

pragmatic functions and inflections are features of the 

input. Serbo-Croatian is comparable to Japanese in that a 

canonical word order interacts with the use of particles, 

and Serbo-Croatian children show a similar late acquisition 

of the OSV word order. 

Slobin (1982) and Hakuta agree that word order is not 

fundamental and that children applying universal operating 

principles or biases will acquire the different word orders 

allowed in a sequence that reflects the regularity and 

explicitness of the syntactical system in the language they 

are exposed to. Slobin insists, also, that there is no 

evidence for the Anglo-centric view that SOy word order is 

psychologically dominant. The hypothesis of a natural, 

chronological basis for word order (first the agent followed 

by action followed by result) predicts retarded acquisition' 

for children learning languages with different dominant word 

orders. Such predictions are contradicted by Slobin's data 

(see Slobin, 1982 for a review of the "naturalness" 

hypothesis). 

Rather than supporting the hypothesis that word order, 

or even a particular word order, ts the innately essential 

cue for acquiring syntax, Slobin interprets the advantage 
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Turkish children demonstrate in early acquisition of 

syntactic variation to be due to the ease of processing of 

the regular and obligatory inflectional cues. He finds 

pragmatic variations in word order are learned at the 

youngest age by children exposed to languages with the least 

constrained word order and the most consistent functional 

marking (e.g., Turkish). Slobin's notion of "local cues" 

explain that the inflections are more easily processed than 

word order because they apply to particular words and do not 

require analysis of the entire sentence for interpretation. 

Slobin sees the salience of local cues as an expression of a 

universal operating principle of primary language 

acquisition. MacWhinney (1983) also views universal 

operating principles as possibly innate constraints that 

operate only during the critical period. Whether the local 

subject and object particles in Japanese promote acquisition 

and retention of syntactic categories more effectively than 

word order is a question tested in both children and adults 

in this study. 

The syntax study contrasts the acquisition and 

retention of Japanese sentences without. subject and object 

particles with the acquisition and retention of sentences 

with subject and object particles. The former are aii SOV 

in word order, whereas the latter consist of an equal number 

of SOV and OSV sentences. The sentences containing 

particles embody operating principles that should make them 
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easier for children to learn than the word order sentences. 

Specifically they are more overtly and clearly marked, they 

embody the preference to avoid zero marking--principles E 

and E2 (Slobin, 1973, p. 202)--and they are local cues that 

do not require processing of the entire sentence in order to 

induce the functional categories they mark (Slobin, 1982). 

Particles are more overt and clear than word order because 

they are obligatory and have only one function in the 

sentences to be learned. Word order is not overt in the 

same sense because at least two categories must be inferred 

from the relationship of only two elements. Word order alone 

is considered a zero marking because it provides none of the 

vast range of semantic and functional information signaled 

by case and inflectional markers. With the particles, the 

function of the noun is given as soon as the particle is 

encountered. Word order requires processing of the entire 

sentence to determine the function of each element because 

function depends on the relationship of all the elements. 

If these universal operating princip1es are more 

accessible to children during the critical period than they 

are to adults,' the children will learn and remember the 

sentences using particles better that the sentences using 

word order, whereas the adults will either find both types 

of rules equally accessible and memorable because they will 

be processed cognitively rather than linguistically, or they 

will find the word order easier because it is closer to 



English and varies less. To support the critical period 

hypothesis, the application of the universal operating 

principles must result in an advantage for the children. 
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Empirical support for the prediction. that children will 

find the sentences marked with particles easier to acquire 

and remember is found in studies contrasting the acquisition 

of word order versus grammatical markers. These studies 

show that children rely on markers and semantic cues at an 

early age (Hakuta, 1982; Hayashibe, 1983; Slobin, 1982), 

whereas adult strategies of comprehension reflect more 

closely their native language (Chujo, 1983; Kilborn, 1989; 

MacWhinney, 1984; Nagata, 1983 Sasaki, 1991; Slobin, 1991; 

Urosevic, 1988). 

In the lexical study, a contrast between familiar and 

unfamiliar items was used to study the effect on acquisition 

and retention of forming new semantic representations with 

novel lexical forms. Adults, having more elaborate semantic 

organization, might be expected to acquire the new semantic 

representation more easily than the children. It is 

reasonable to assume that adults have a broader knowledge 

base than children which would make more features of the 

item memorable even though the item itself was not 

previously encountered. On the other hand, empirical 

studies of lexical acquisition in young children suggest 

that acquisition of the form of words is very rapid, often 

occurring in a single exposure which matches the word to an 
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incomplete, vague or even inaccurate semantic 

representation. This process, known as fast mapping (Carey, 

1982; Heibeck and Markman, 1987; Rice, 1990) might be 

construed as an expression of critical period sensitivity to 

language input and could explain a child advantage in ease 

of acquisition or strength of retention of foreign language 

words that introduce new concepts. Fast mapping suggests a 

critical period sensitivity to lexical input that parallels 

the acquisition of specific songs in some species of birds 

(Marler, 1991). A certain kind of input is preferentially 

retained during a specific period and is then elaborated on 

and made functional at a later period. With some birds, the 

rudiments of songs must be acquired at an early stage of 

development but are only fully articulated when they become 

functional in social behavior. With fast mapping, the forms 

of words are strongly retained with only minimal mapping to 

meaning. Meanings are elaborated and corrected as 

development enriches semantic organization. 

Acquisition of foreign language words that correspond 

to existing semantic structures could be more difficult for 

children if principles that have been proposed to operate in 

limiting or simplifying input are activated. These 

principles are based on the assumption that children will 

find language learning initially easier if they are guided 

by the hypothesis that there is a one-to-one ~orrespondence 

between form and function. 
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The mutual exclusivity bias (Markman, 1984; Merriman 

and Bowman, 1989), the principle of contrast (Clark, 1987) 

and the strategy of avoiding exceptions (Slobin, 1973; 

MacWhinney, 1978) are formalizations that would predict 

initial difficulty in acquiring new forms in a foreign 

language for established concepts. These principles have 

not been applied to the study of second language lexical 

acquisition, but case studies are suggestive. Very young 

children learning two languages simultaneously are observed 

to initially conform to mutually exclusive mapping of words 

and concepts across the two languages, that is, these 

children initially learn only one word for each referent and 

do not use both codes for the same referent until a later 

stage (Volterra and Taeschner, 1972). 

Learning a new word to map onto an old concept is 

assumed to be easier than learning a new word and a new 

concept. However, this might not be true of children if 

they are subject to a constraint that seeks unity of form 

and function. If children actually had more difficulty 

learning and remembering familiar words in a second language 

than unfamiliar words, it might be explained by a resistance 

to synonymy (Clark, 1987; Merriman and Bowman, 1989) or a 

sensitivity for new form-concept mappings (Carey, 1978; 

Heibeck and Markman, 1987; Rice, 1990) or a combination of 

both factors. In the language of the critical period 

hypothesis, a significantly greater ease of acquisition or 
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recall for the unfamiliar words than for the familiar would 

point to a special sensitivity for new word-concept 

acquisitions in the case of the children. If adults 

acquired or remembered unfamiliar words better than familiar 

words, such results would run counter to the common 

assumption that first language concept formation and well

developed semantic organization facilitate learning the 

second language lexicon. 

Summary 

The evidence for a critical period in second language 

learning is contradictory at best. The theoretical and 

practical importance of resolving this debate cannot be 

overstated. The existence of such a critical period is a 

pervasive assumption of many linguists, especially those 

concerned to show how a Universal Grammar constrains 

language learning. Extreme positions on this issue have 

often guided educational policy, methodology and teacher 

training. 

This study addresses a particular claim of the 

currently influential version of the critical period 

hypothesis. It states that young children will initially 

learn a second language at a slower rate than adults but 

will eventually surpass them in approaching native 

competence. A cumulative advantage of this differential 

could be due to preferential conservation in long-term 
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memory, an explanation consistent with the biological 

concept of critical period. The aim of the study is to test 

child-adult differences in acquisition and long-term memory 

using words and syntactical structures in Japanese, a 

language unfamiliar to the subjects. 

Based on cross-cultural studies of primary language 

learning in children, the syntax and lexical studies 

contrast items that should differ in difficulty for the 

children if critical period constraints are active. The 

syntax study contrasts sentences that contain particles 

following each noun with sentences that rely on word order. 

The particles are predicted to be easier to learn and 

remember because they do not require processing the entire 

sentence to determine grammatical function. The lexical 

study contrasts Japanese words which have familiar referents 

with others that have unfamiliar referents. If maturational 

constraints hypothesized to explain a primary language 

learning preference for simple mappings of form to meaning 

were operative, the children would learn the unfamiliar 

words more easily than the familiar. 



CHAPTER 2 

REVIEW OF THE LITERATURE 

Theory 

Explanations of the hypothesis that children enjoy an 

advantage over adults in the acquisition of a second (or 

third, etc.) language vary considerably in terms of the 

theoretical construct or definition of critical period. 
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The advantage of children and the corresponding limitations 

of adults in second language learning is seen at one extreme 

as mere folk psychology (Snow, 1983) and at the other as an 

unassailable body of empirical certainty (Newport, 1991). 

Many who theorize about the cause of the critical 

period begin with the assumption of children's overall 

superiority over adults in second language acquisition. An 

example of this is an article by Sokolik (1990) on the 

resolution of the "adult language learning paradox" in which 

she states without reference to a single study that "it is a 

broadly accepted generalization that children acquire second 

languages more readily than adults do" (p. 695). Lenneberg 

is cited to acknowledge the founder of the critical period 

hypothesis. However, Lenneberg's (1969) extension of the 

critical period hypothesis to cover second language learning 

is not based on empirical evidence but rather on the 
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anecdotal observation that young children of immigrants 

learn their adopted language much better than their parents. 

Lenneberg's evidence for a critical period in primary or 

first language acquisition was based larg~ly on two sets of 

data. The first was evidence from brain damaged patients 

whose lesions resulted in aphasia. Children who suffered 

damage before puberty enjoyed a much higher rate of complete 

recovery of speech than did adults. The second was the 

observed arrest of language development around the age of 

puberty in severely mentally retarded individuals. There is 

an explanatory weakness in equating symptoms with functions 

in inferring a process in the normal population from the 

organism's response to pathological conditions. Relearning 

first language skills lost due to neurological insult may be 

completely unlike the process in which a normal person 

learns a second language. 

Lenneberg proposed progressive cerebral lateralization 

of the speech function as the neurological event that 

coincides with the terminus of the critical period at 

puberty. Subsequent critics of the critical period 

hypothesis have referred to new evidence that lateralization 

is completely established at a much earlier age, perhaps 

even at birth (Kinnesbourne, 1975; Krashen, 1974; Witelson, 

1987). This evidence leaves the proponents of the critical 

period hypothesis in search of a neurological . change to 

explain the termination of the child's ability to acquire 
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language. ·On the other hand, studies that demonstrate that 

adults rather than children are superior second language 

learners (Snow & Hoefnagel-Hohle, 1978; Genesee, 1981; 

Ekstrand, 1976; Morris and Gerstman, .1986) leave the theory 

without an observed behavior to explain when applied to 

second language acquisition. 

Sokolik's uncritical acceptance of the generalization 

that children are superior language learners leads to her 

formulation of the "Adult Language Learner Paradox: Given 

the superior ability of adult humans in comparison to 

children to generalize and extract rules from their 

experience (Inhelder & Piaget, 1958), and given that human 

language is rule governed, it would follow that adults 

should be better able to learn a second language than are 

children" (Sokolik, 1990, p. 691). This is very similar to 

the conundrum Newport (1990) proposes to elucidate in her 

study of maturational constraints on language learning: 

In much of development psychology, insofar as there are 
maturational effects, an uncontroversial generalization 
is typically that big kids are better than little 
kids. In language acquisition (and possibly in other 
domains as well), however, the child, and not the 
adult, appears to be especially privileged as a learner 
(p. 14). 

Newport proposes no particular neurological events to 

account for the decline in ability to acquire language with 

age, but she does consider the hypothesis that cognitive 

differences are responsible for the child-adult differences. 

Specifically, the expansion of nonlinquistic cognitive 
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abilities causes a decline in language learning abilities. 

In contrast, Sokolik proposes no cognitive differences to 

explain the paradox, but rather suggests that a little 

understood Nerve Growth Factor (NGF) might be responsible 

for the higher speed of learning of the child. In the 

completely speculative illustration of how NFG might work, 

the model of Parallel Distributive Processing (PDP) that she 

describes has no relevance at all in explaining child-adult 

differences in rate of language acquisition. NFG might be 

added to any model of learning to increase the rate of 

learning in the child to five times that of tha adult. For 

Sokolik the cognitive processes involved in language 

learning are the same for children and adults; it is only 

NFG that makes a difference. The problem is that it does 

not explain the paradox at all but rather obfuscates it. If 

NFG increases the child's rate of learning by five times, 

why is the adult better at all cognitive tasks with the 

exception of language? This is the first premise of the 

paradox. What is needed, perhaps, is the isolation of a 

Language Acquisition NFG, since NFG has been shown to be 

involved in general neurological plasticity in adults. 

Below normal levels of NFG in the brain have been found in 

victims of Alzheimer's disease. NFG is the only one of a 

collection of hypothetical trophic factors that has been 

i dent i fi ed. It has been fou"nd to be essent i alto the growth 

and survival of sympathetic ganglion cells even in adulthood 
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(Cowan, 1979). 

Sokolik's paradox is based on a folk-psychological 

premise that has been refuted by a large a body of evidence. 

It has been consistently observed that adults are superior 

to children in rate of acquisition (for reviews see Harley, 

1986; Krashen, 1982; Genesee, Snow, 1987; Newport, 1991). 

Sokolik employs great imagination in explaining why children 

learn language faster than adults when, in fact, adults are 

faster language learners than children. There is no paradox 

to explain. The evidence that needs explaining is "that age 

confers a positive, not a negative advantage on second 

language learners (Snow, 1983: p. 141)." Newport, on the 

other hand, is well aware of the weight of evidence that 

favors adults in rate of acquisition. Her version of the 

critical period is based on ultimate attainment. Adults 

learn language faster than children initially, but at some 

(unspecified) point children surpass adults and come closer 

to native-like competence. The earlier they begin learning a 

language, the more native-like their ultimate achievement 

will be. This hypothesis appears to apply to ideal language 

learners, young and old, who would continue to learn, 

uninterruptedly, to their fullest potential and who would 

have as a goal, at least implicitly, native competence. 

Sokolik's "adult language learner paradox" is a 

restatement of the critical period hypothesis that ;s 

compatible with Lenneberg's (1967) early formulation: 
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Language is easy for children to learn and hard or 

impossible for adults to learn due to neurological factors 

that change with age. In acknowledging the evidence of 

adult superiority in rate of acquisition, Newport drops the 

corollary that language is easier for children to learn and 

replaces it with the concept of ultimate achievement in 

terms of native-like performance. She is not concerned with 

finding neurological correlates for the critical period and 

instead suggests that future research test the hypothesis 

that adults' cognitive sophistication, especially in 

componential analysis, actually constitutes a barrier to 

their effective acquisition of a second language. Sokolik 

and Newport propose two different versions of a critical 

period with two different causal explanations. Yet both of 

their explanations fit only the model of children learning 

at a faster rate. 

It is difficult to see how Newport's cognitive 

explanation fits into her version of the critical period 

effects as manifested in terms of u~timate achievement. If 

adults have more cognitive work to do than children in 

learnin~ ~ given rule, more computations and more false 

inferences, it would seem that this process must be harder 

and more time consuming for them than for children who do 

less cognitive work with their naive but effective 

strategies." And this is exactly Newport's point. She has 

surely lost sight of "ultimate achievement" as the empirical 
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observation that requires explanation. The cognitive 

advantage of children that she hypothesizes could only 

explain how learning some aspects of language might be 

easier and presumably quicker for children than for adults. 

The Critical Period Construct in Biology 

The differences between the constructs and explanations 

of Newport and Sokolik illustrate the complexity of the 

critical period hypothesis. The critical period hypothesis 

for language learning was probably induced from observation 

of neglected and feral children long before the phenomenon 

came under the scrutiny of science. Itard's study of the 

Wild Boy of Averon documented the inability of an 

adolescent, deprived of language exposure from an early age, 

to acquire language (cited in Snow, 1983). The phenomenon 

of imprinting in ducks and geese, early social interaction 

as a necessary prerequisite to successful socialization in 

dogs and primates, and the importance of early stimulation 

in the neurological developmentYof perceptual and motor 

systems inspired a phylogenetic explanation of a critical 

period for language learning. The critical periodi in these 

biological studies, however, bear little resemblance to that 

proposed for language in humans. In animals, there is no 

biological critical period extended over such a long period 

of maturation (virtually all of childhood) nor one involving 

such complexity in the nature of the critical stimUli, the 



cognitive, perceptual and motor systems affected and the 

behavioral outcomes. 
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In order to construct a testable model of the critical 

period in language learning, proponents have had to 

elaborate on the biological model in two main respects: (1) 

they have had to reconceptualize critical period in a 

variety of ways and (2) restrict its application to 

particular linguistic skills at "native" levels of ability. 

In reviewing these aspects of critical period research, a 

recurrent question will arise as to whether the stringent 

biological criteria of a critical period are appropriate or 

productive in investigating the child-adult differences in 

second language learning. 

The Critical Period Construct and Language Acquisition 

Snow (1987) has enumerated five distinct versions of 

the critical period hypothesis as applied to language 
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(1) That there is a period during which the 
organism is particulary responsive to environmental 
input of a particular sort (in this case language). 
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(2) That the same amount and kind of input that 
during the critical period supports language 
development is ineffective outside the critical period 
in producing the same learning. 

(3) That the learning that occurs during the 
critical period is stable and irreversible by 
subsequent non-critical period learning. 

(4) That the existence and timing of the critical 
period is controlled by biological maturation: for 
language the relevant dimensions of maturation have 
been various1y hypothesized to be myelination (Scovel, 
1981), hemispheric specialization (Lenneberg, 1967) 
and early maturation of neural circuits (Walsh & 
Diller, 1981). 

(5) That, since it is biologically controlled, the 
critical period and its consequences for learning 
during and after the relevant period of maturation are 
universal within the species (p. 184). 

These different versions of the critical period result 

in distinct claims: (1) Language acquisition as such does 

not occur outside the critical period. One form of this 

position is that first language acquisition must be 

completed within the period. A more radical position is 

that second language acquisition is not possib1~.outside the 

critical period. (2) Acquisition of language outside the 

critical period slows down. Second language acquisition 

outsi de the cri t i ca 1 peri od is slow"er than fi rst or second 

language learning within the critical period. (3) Language 

acquisition occurs outside the critical period but never to 

native level. (4) Language acquisition outside the critical 

period does not involve the same learning strategies as 

within it. (5) A different area of the brain is involved in 
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language acquisition outside the critical period. (6) The 

critical period hypothesis applies only to first language 

acquisition. This is parallel to critical period effects in 

perception and motor development in which critical 

stimulation is necessary for subsequent normal functioning 

(Snow, 1987, p. 185). 

Although the first claim, that language iearning stops 

outside the critical period, is consonant with the early 

versions of a biological imprinting model, it has not been 

seriously considered in the case of second language learning 

since adults can learn second languages to high degrees of 

proficiency. Biological studies of critical periods 

currently reveal a less rigid model where some degree of 

recovery from deprivation of or deleterious exposure to 

critical stimuli is the rule. That some first language 

acquisition can take place outside the critical period is 

suggested by case studies of language deprivation such as 

those of Casper Hauser, Victor of Aveyron and Genie 

(Curtiss, 1988). The second claim, that language learning 

is slower outside the critical period has been the focus of 

many studies which, taken together, have supported the 

contrary claim that older learners acquire language faster 

than younger learners. The third claim, that native-speaker 

ability is reserved for those who begin language within the 

critical period, has been the focus of most studies that 

claim empirical support for the critical period. This 
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"ultimate achievement" criterion is often combined with the 

fourth claim, that the processes of adult and child language 

acquisition are different. This difference is usually 

stated in terms of the natural unconscious activation of 

innate learning process in the child as opposed to the 

conscious, formal learning strategies of the adult. The 

fifth claim, that language learning outside the critical 

period takes place in a different part of the brain than 

that within it, might also imply the fourth claim of 

differences in mental processes, especially if the different 

brain areas are in different hemispheres. Since Lenneberg's 

(1967) original hypothesis that the critical period effects 

are due to progressive lateralization of language function, 

a great number of studies have investigated differences in 

patterns of lateralization and intrahemispheric 

specialization with regard to language in adults and 

children. The sixth claim, that the critical period 

hypothesis applies only to first language acquisition, would 

be very difficult to test directly. This is the' "exercise 

hypothesis" (Johnson & Newport, 1989), which asserts that 

the language functitin'of the brain must be activated by 

linguistic input within the critical period or the ability 

to acquire language will be lost. 

The different versions of the critical period and the 

claims they generate are seldom stated in the precise terms 

of the biological studies they emulate. In a review of the 
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concept of critical period, Colombo (1982) states that "a 

critical period is a time during the life span of an 

organism in which the organism may be affected by some 

exogenous influence to an extent beyond that observed at 

other times. Simply, the organism is more sensitive to 

environmental stimulation during a critical period than at 

other times during its life" (p. 261). Colombo finds very 

few studies which are guided by an explicit formulation of 

the criteria for a critical period but believes that a 

developmental phase qualifies as a critical period if a 

definite (1) onset and (2) termination of the sensitivity is 

identified, an (3) endogenous component and an (4) exogenous 

component can be isolated, and a (5) "critical system" that 

is influenced by the environmental stimuli during the 

critical period is precisely demarcated. These criteria 

will be used as a guide to evaluating the cohesiveness of 

different constructs of the critical period that have been 

applied to second language learning. 

Age of Onset and Terminus 

The onset of the critical period in language learning 

was considered by Lenneberg (1967) to be two years of age, 

before which children lacked the requisite cognitive 

maturity to use or process language. This seems to reflect 

earlier views, popularized by Lorenz and the imprinting 

paradigm with birds, that critical period onset is sudden 
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and dramatic. However, the responsiveness of neonates to 

linguistic stimulation of a very complex nature, together, 

with their gradually increasing productive capacities 

complicates the task of identifying any particular point of 

onset. In research purporting to confirm a critical period 

in language learning, determining an onset has not been 

considered a problem worth investigating. If infants at 

birth are "automatically" perceptually sensitive to 

phonetically segment the acoustic wave (Jusczyk, 1980) as 

well as sensitive to face recognition, emotional tonality of 

voice, smiles and other non-verbal communication, when do 

they become sensitive to language input to a greater degree 

than throughout early infancy? What aspects of language 

mark the onset of the critical period, or to what linguistic 

stimuli or set of stimuli is there a peak sensitivity at the 

age of onset? 

In regard to onset, Colombo (1982) distinguishes a type 

of critical period that depends on the maturation of 

perceptual systems which at some point in their unfolding or 

somesthetic integration allow the initial perception of the 

critic'al stimulus. No research in language acquisition has 

proposed such emergent perception in terms of specific 

stimuli, but the general idea of emergent cognitive 

capacities is compatible with the critical period 

hypothes i·s . The autonomous Language Acqu i sit ion Dev ice of 

Chomsky (1965) was originally conceived of as "dormant" 



knowledge in the prelinguistic child that awaited the 

development of prerequisite cognitive structures to be 

activated. 
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Unlike the onset, the question of the terminus has been 

the object of a considerable amount of research and 

theoretical discussion. Lenneberg put the terminus at 

puberty due to the completion of lateralization of language 

function in the dominant (usually left) hemisphere of the 

brain. However, re-evaluation of the data on which 

Lenneberg based his conclusions (Krashen, 1973) indicates 

that lateralization is complete by age five. Witelson 

(1987) reviewed the reseach on cerebral dominance in 

children including premature neonates and concluded that 

hemispheric asymmetry is established at birth and does not 

change in degree during normal development. She contendes 

thaT. more research on very young children is necessary to 

investigate the hypothesis that lateralization develops but 

that currently the research in dichotic perception, 

electrophysiological measurement of brain activity and 

clinical studies of brain damaged children support early 

lateralization for verbal language. In any case, the 

completion of localization of language function in the 

dominant hemisphere is no longer considered a viable 

explanation for the close of the critical period (see also 

Kinsbourn, 1975; Kinsbourn & Hiscock, 1977; Seliger, 1978; 

Wiltelson, 1987). However, most research on the critical 
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period still assumes lenneberg's proposed terminus at 

puberty, and experiments are designed to test differences at 

'this stage of development (e.g., Felix, 1981; Johnson and 

Newport, 1989; Krashen, 1975; Patowski, 1980; Rosansky, 

1975). 

lenneberg (1967) had no empirical evidence to conclude 

that "foreign accents cannot be overcome easily after 

puberty • [and] automatic acquisition of second language 

from mere exposure . • . seems to disappear after this age" 

(p. 176), but he did propose a neurological mechanism to 

account for the close of the critical period. Since 

lateralization was discredited as an explanation for the 

timing of the critical period (see Genesee, 1981 and 

Whitelson, 1987) other neurological explanations have lacked 

any precision in correlating such changes with timing of 

proposed behavior changes. Scovel (1981) has proposed 

myelination as the critical endogenous process responsible 

for critical period effects, but its connection to language 

learning is purely speculative while its timing does not 

match either the onset or terminus of any proposed critical 

'period for language. 

Another dimension of brain maturation that bears on the 

critical period is, according to Scovel, (1981) 

intrahem;spheric specialization. The different symptoms of 

Wernicke as opposed to Broca aphasias suggest a high degree 

of specialization within the speech areas of the dominant 
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hemisphere. The question of the plasticity of the neural 

organization of this area and the age at which it ends has 

not been investigated directly. The only evidence compatible 

with shifting of localization of function comes from middle

aged stroke patients (Snow, 1987). Witelson (1987) 

maintains that the issue of plasticity is independent of 

cerebral organization. Whitaker et ale (1981) have shown 

that different areas of the cortex mature at different rates 

and that even different layers of the same area of cortex 

have different growth rates. However, none of these 

differences could reasonably be related to a critical period 

in language learning because they have all reached a stage 

close to their adult form by the age of five (Whitaker et 

al., 1981). 

Johnson and Newport (1989) present evidence that the 

terminus of the critical period is a gradual decline that 

ends about puberty. This decline begins at about seven 

years of age according to Johnson and Newport. However, 

language development continues well beyond the age of seven, 

making it difficult to propose any behavioral ·changes 

associated with the terminus. This concept ·of gradual 

termination does not meet the criteria of a critical period 

according to Colombo (1982). There should be some 

approximate determination of the onset and terminus of the 

period rather than a gradual diminishing of sensitivity over 

many developmental milestones. Also, it would appear that 
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in this and other studies (Newport, 1984; Newport & Supalla, 

1987; Oyama, 1978; Patkowski, 1980) the onset or beginning 

of the critical period is assumed to be fully activated at 

the age of two, whereas the most thoroughly researched 

biological critical periods are characterized by a 

continuous increase in sensitivity which peaks relatively 

shortly before the terminus (Colombo, 1982). Johnson and 

Newport assert that termination of the critical periods in 

the socialization of dogs, imprinting in ducks and song 

acquisition in birds share a gradual decline similar to the 

critical period for language acquisition which they 

hypothesize on the basis of their study. However, the onset 

and terminus of these critical periods actually conform to 

Colombo's pattern. 

Genesee (1987), Snow (1987) and Witelson (1987) have 

concluded that there is no currently available evidence in 

terms of behavioral or neurophysiological studies that 

provide an unequivical basis for determining the onset or 

terminus of a critical period for language acquisition. 

The Endogenous Factors 

Johnson and Newport (1989) admit that there are at 

present no strong candidates among neurological events to 

explain their strong "maturational states hypothesis": 

"Early in life, humans have a superior capacity for 

acquiring languages. This capacity disappears or declines 



with maturation (p. 64)." They are also candid about the 

explanatory vacuity of the hypothesis (p. 95). As Colombo 

(1982) has emphasized, "efforts should be made to identify 

the o~erat;ve factors of the period, for as long as 

investigation of critical period phenomena remains at the 

level of charting ontogenetic boundaries in sensitivity to 

external influence, it constitutes only a descriptive, as 

opposed to an explanatory, endeavor (p. 270)." 
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The place to look for explanation would naturally be in 

changes of neurological structures supporting the emerging 

language behaviors. Periods of rapid growth should be coeval 

with the emergence of the behaviors. Colombo (1982) states 

that "essentially, the critical period is the time between 

the emergence anatomically or functionally of a given 

biobehavioral system and its maturation (p. 263)." For 

critical period study in systems other than language, the 

neurobiological changes connected with sensitivity to 

stimuli and plasticity in development are the most robust 

feature of the critical period model (p. 270). Perhaps due 

to the difficulty in isolati~g these factors, when it comes 

to sensitivity to linguistic stimuli, knowledge at this 

level is simply lacking. 

Exogenous Factors 

A common defect in much·critical period research is 

lack of specification of the exact nature of the stimuli 
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that the organism is sensitive to during the period. This 

is usually true with language acquisition. For example in 

pursuing evidence for the "exercise version" (Johnson and 

Newport, 1989) or weak version of the critical period. 

hypothesis in which exposure to a first language must occur 

within critical time boundaries for subsequent language 

development to be possible, exactly to which features of 

language is the child hypothesized to be sensitive? Most 

research has used phonology and grammar as though they were 

indices allowing generalization to global language skills 

(see Genesee, 1988; lamendella, 1977, Snow, 1987 for 

reviews). While research with language has yet to attempt 

to isolate the features of language to which the child in 

the critical period is more sensitive, the studies of 

critical periods in perceptual development are becoming 

increasingly more refined in this sense. For example, in an 

investigation by Harwerth, et al., the effects of visual 

deprivation in the development of the cortical functions of 

binocularity, it has been found that both light and muscle 

movement are critical stimuli for normal development 

(Colombo, 1982, p. 264). Obviously it would be a very 

complex undertaking to control the variety of stimuli 

involved in language behavior. 

The Critical System 

Specifying which behavior or response pattern is 
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affected by the critical stimuli is a common failing of the 

critical period literature. The question of which system is 

most significantly shaped during the critical period brings 

up the lack of theoretical agreement on how to model the 

cognitive processes of language acquisition. Which aspects 

of the language learning process are involved in critical 

sensitivity during this phase? Productive skills such as 

accuracy in pronunciation, lack of foreign accent, fluency 

and control of low frequency grammatical forms have been 

found in studies to be more native-like in younger learners 

of second languages (Asher & Garcia, 1969; Labov, 1970; 

Oyama, 1973; Seliger, Krashen & Lagefoged, 1975), whereas 

studies of comprehension and academic skills either 

disconfirm critical period predictions or are ambiguous 

(Baily, Madden & Krashen, 1974, Curtiss, 1977; Dulay & Burt, 

1973; Mclaughlin, 1978; Snow & Hoefnagel-Hole, 1978). It 

seems obvious that the system affected cannot be global, 

embracing all that is subsumed under language, because many 

aspects of language continue to develop throughout life. 

Critical period research in biology seems to lead strongly 

to the view that both stimuli and system are highly 

specific with a narrow window of optimal influence for 

normal developmental outcomes. For example, Harwerth et al. 

have found that the primate visual system has at least four 

different critical periods according to psychophysical 

function. In monocular form deprivation experiments with 
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rhesus monkeys, it was determined that the sensitive period 

was different for different kinds of visual information 

processing. They concluded that "the sensitive period of 

development for each visual function. is probably different. 

In addition, the overall organization of sensitive periods 

appears to be hierarchical. That is, visual functions 

primarily requiring information processing in the peripheral 

portions of the visual system have shorter sensitive periods 

than those requiring more central processing (p. 237)." 

If vision can contain such complexity in the 

interaction between the critical stimuli and functions 

within the system or subsystems that have individual periods 

of sensitivity, it is unlikely that language, both in 

productive and receptive processes involving the 

coordination and integration of different modes of 

perception and levels of cognitive and motor skills, can be 

approached as a monolithic system with a unidimensional 

maturational pattern. The level at which the "critical 

system" is analyzed in the study by Harwerth et ale suggests 

that critical period effects may be undetectable in any 

direct way at the level of meaningful language behavior. 

Deprivation of stimuli affecting the development of basic 

perceptual and motor systems could certainly affect the 

capacity to learn language. However, given normal 

development of these supporting systems, there is no a 

priori reason to look for the termination of the ability to 
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process linguistic input. Lamendella (1977) seems to take 

the position that "critical period" effects involve such 

basic level systems, and that therefore there is no critical 

period for second language acquisition as there is in the 

case of first language acquisition. He reserves the term 

"sensitive period" for explaining the observation that high 

levels of ability are easier for children to achieve than 

for adults (an unsustainable tenet of folk psychology 

according to Snow, 1983). Lamendella's elaborate 

hierarchical model of the cognition and communication 

systems illustrates the potential difficulty of demarcation 

of the specific systems involved in a coherent model of the 

critical period hypothosis. According to Colombo, "Exact 

identification of the system affected by critical period 

input (or lack of input) may be the most challenging task in 

all critical period inquiry; it will be the most fruitful 

one, however, as knowledge about what systems are under 

organization at what time, coupled with a working knowledge 

of the chronology of brain development, may greatly aid in 

the process of localizing functions and behavioral systems 

in the adult (p. 265)." 

Colombo (1982) has asserted, on the grounds of a 

thorough review of the concept of critical period across a 

variety of disciplines, that in order to be meaningfully 

applied to a developmental period in an organism, certain 

criteria should be met: the specification of an onset and 
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termination of sensitivity, precise identification of an 

endogenous maturational event, identification of an 

exogenous component or critical stimulus and the demarcation 

of the critical system which is affected. In applying these 

criteria to the extant research and theory on the question 

of a critical period for language acquisition, it was found 

that none of the criteria were approached to any degree of 

precision. It may be that language, being a uniquely human 

phenomenon, operates in some degree of phylogenetic 

discontinuity with the neurobiological systems that 

exemplify Colombo's model of critical period. It could be 

that a critical period for language entails very different 

criteria that those for any other system. The idea of the 

emergence and eventual termination of plasticity can be seen 

as distinct from a process of maturation that makes the 

experience or perception of a stimulus possible, especially 

if innate knowledge is invoked as the mechanism underlying 

the plasticity. 

Language as a Critical System 

Although many critical period studies examine only 

one aspect of language, the initial form of Lenneberg's 

(1967) hypothesis was global, with no distinction made as to 

which skills were most affected during the sensitive period. 

The later studies, necessarily focused on limited aspects of 

the acquisition process, more or less explicitly tended to 
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generalize evidence supporting a critical period to language 

as a whole (Newport,1990; Oyama, 1978; Patowski, 1990). 

It is questionable whether language can be 

conceptualized as a unitary system in relation to which a 

single critical period is operative. Mclaughlin (1977) 

rejects the concept of a critical period that affects all 

aspects of language, asserting that it could only reasonably 

be applied to motor aspects of performance. It is well 

documented that human neonates rapidly become aware of the 

phonetic features of the language of their caretakers. This 

phonemic sensitivity seems.to be bounded by a "sensitive 

period" that is closed before any productive processing 

capacity for language emerges (Emias et al., 1971; Snow, 

1987). Speidel (1989) has proposed a model of language 

acquisition in which there are three separate types of 

networks or systems that might be affected by different 

maturational constraints: 

(1) Incoming speech-sound network or acoustic 
speech-sound network. This network records and 
'integrates the sounds of speech. . 

(2) Meaning networks. These networks consist of 
the representations of the many nonspeech-sound events
-visual, kinesthetic, tactile, or olfactory, as well as 
auditory. 

(3) Speech-planning network for the movements 
required in speech. The planning network organizes the 
sequence and temporal spacing of activation of the 
neurons innervating the many muscles in the vocal tract 
active during speaking (p. 153). 

Speidel asserts that recent research in psychology and 

speech pathology support the notion of the initial 
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independence and progressive integration of these networks 

with each other as the child matures. The point of this 

simplified model is to show how comprehension and speaking 

can involve different neural networks. The motor component 

of language is considered essential in the development of 

speech and underlies the initial separation of the processes 

involved in comprehension and speaking. 

Multiple Critical Periods 

From the experiments in visual perception by Harwerth 

et ale (1986), it might be suspected that the perceptual 

systems or subsystems supporting language could have very 

selective sensitivity to environmental input during specific 

periods in ontogenesis. The neonate's ability to segment 

the sound wave of human speech into phonemic units is 

apparently innate, but the openness or plasticity of this 

ability ends before the onset of meaningful use of language 

(Eimas et al., 1971). Initially this capacity in the child 

is independent of experience. Studies demonstrate that six

month-olds are as capable of distinguishing phonemic 

contrasts that do not exist in the language of their 

caretakers as those that do (Werker, Gilbert, Humphrey, & 

Tess, 1981). Older children can only discriminate phonemic 

contrasts significant in the language(s) they are exposed 

to. The age at which the ability to make discriminations 

that are not supported by environmental input begins to 
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decline has been narrowed to 8-10 months (Werker & Tess, 

1984). Around the age of nine months, children have learned 

which phonemic contrasts are significant in their own 

language. At this age, children still comprehend very 

little language and typically have yet to produce their 

first words (Snow, 1987, p. 200). These findings suggest 

that perceptual and motor systems supporting language 

acquisition have different maturational rates and different 

periods of sensitivity to environmental input. The 

independence of production and comprehension persists in 

adulthood where second language learners are able to produce 

distinctions that they cannot perceive (MacKain, Best, & 

Strange, 1981). The sensitive period for selectively 

discriminating the phonemic contrasts of the child's own 

language, which involves the loss of a perceptual capacity, 

can be recovered from with exposure to another language, 

suggesting that this version of a critical period creates a 

bias in perception rather than an irreversible neurological 

inflexibility. 
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Limitations on Input and Critical Systems 

It was stated earlier that studies of a hypothesized 

critical period for language acquisition"have been unable to 

specify changes in neurological structures that support 

language behaviors, and that they therefore remained 

descriptive rather than explanatory. Turkewitz and Kenny 

(1982) have proposed a theory for the development of neural 

organization that provides a possible explanation for 

critical periods in general, while it suggests a model for 

investigation of how distinct neural systems that support 

different aspects of language processing might become 

integrated at different developmental stages. They 

hypothesize that limitations in motoric and sensory 

functions of infants have adaptive advantages rather than 

being impediments to be overcome (P. 357). Embryonic 

development of the sensory system proceeds at an unequal 

rate resulting in the sequential onset of functioning. 

Because the onset of functioning occurs at different points 

of time in ontogenesis, the emerging systems are relatively 

independent. Reduced competition between independently 

emerging systems contributes to the re~ulation of 

neurogenesis and the functioning of the systems. Neonatal 

limitations in sensory input are considered a primary source 

of perceptual organization: "limitations reduce the amount 

of information with which the infant must "contend and 

promote temporal contiguity between multimodal attributes of 
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a stimulus (p. 357)." When the findings of Harwerth et al. 

(1986) are considered in the light of Turkewitz and Kenny's 

hypothosis, the principle of independent and sequential 

maturation of neural systems applies on the finest scale 

within a single modality. Visual function can be separated 

into systems that respond to different ranges and aspects of 

the same stimulus, light. Harwerth's research shows that 

there is indeed a very finely tuned sequential limitation in 

the amount and range of information that the perceptual 

system must process. Multiple sensitive periods can be seen 

as multiple levels of limitation on input and shows that 

there is intramodal as well as intermodal independence in 

the emerging perceptual system. Turkewitz and Kenny see 

this restriction of sensory input as crucial to the 

regulation of the normal development of perceptual neural 

systems. Limitations of sensory input includes motor 

limitations which have been shown to be critical in the 

regulation of cognitive development (Turkewitz & Kenny, 

1982: p. 358). Speidel's (1989) observation of the initial 

independence of comprehension and speaking, and the close of 

sensitivity to nonenviromental phonemic contrasts observed 

by Werker and Tess (1984) which occurs before speech 

production begins, suggest a hierarchical relationship 

between different processing modes in language acquisition. 

Neoteny is the extended period of infancy in humans 

that includes motor limitations and provides the opportunity 
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for increased socialization and learning. Neoteny can be 

seen as a mechanism for prolonging the time that a system 

develops in response to limited input. Language is obviously 

a very complex integration of processes from diverse 

motoric, perceptual and cognitive systems. If the concept 

of critical period at the neurological level applies to 

language, the systems involved are most likely affected in 

periods of rapid growth when there is maximum intermodal and 

intramodal competition. At this point the systems involved 

would be sensitive to a very limited range of input. This 

would imply multiple critical periods for different aspects 

of language processing. 

The Language Acquisition Device 

It can be argued that a critical period for language 

acquisition does not involve the motoric, perceptual or even 

general cognitive systems of the brain, but rather that 

language learning and processing arise from an independent 

system that is exclusively concerned with language. .This 

system emerges from the interaction of innate knowledge of a 

highly abstract nature wi·th the environmental stimuli of the 

particular language that the child is exposed to. Language, 

which provides the critical stimuli for the Language 

Acquisition Device, is essentially syntax or grammatical 

rules in this model (Chomsky, 1962). It seems reasonable 

that the onset of the operation of the critical system, the 
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Language Acquisition Device, must await a degree of 

maturation of the sensory-motor and cognitive systems. The 

child must be capable of perceiving and producing speech in 

social contexts where functions and meanings of language can 

be acquired before the Language Acquisition Device is 

activated. It is maturational constraints that turn the 

critical system on and presumably turn it off at the 

terminus of the critical period. However, the Language 

Acquisition Device viewed as a critical system in the 

context of a critical period hypothesis, is different from 

the critical systems in any of the examples reviewed from 

various disciplines by Colombo (1982). The system itself 

does not undergo rapid growth during the critical period. 

It is a system which contains the entire range of options 

for language forms whose parameters are set by experience. 

It is essentially a synchronic system embedded in a 

diachronically unfolding organism. There is nothing in the 

system itself that develops or changes. It is necessary to 

look outside the system for the mechanism that turns the 

critical period on and off and changes the responsiveness to 

input. 

The Cause of Critical Periods 

Turkewitz and Kenny's (1982) hypothesis that 

limitations on input are basic to neural organization merits 

closer examination because it constitutes a neurological 
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explanation for critical periods, in fact the only 

explanation to propose how critical periods are adaptive1y 

advantageous in ontogenesis. Competition both within and 

between distinct perceptual systems plays a pivotal role in 

this model. Limitations in function determine the absence 

or presence of competition between and within sensory 

systems. "The role we are proposing for competition is a 

complex modulating one with reduction or enhancement of 

competition at various stages responsible for the ultimate 

organization of perception (p.359)." Competition changes 

drastically with development both within and between 

systems, with early development being characterized by 

competition within systems and little or no competition 

between systems. Later periods involve more competition 

between systems as new functions emerge which result in the 

reorganization and restructuring of the earlier system. 

"The extent and timing of competition determines the nature 

of the developmental competitive relationship (p. 359)." 

The lack of competition in an early stage allows the system 

to develop without interference from competing input. 

Here, the complexity of determining what constitutes a 

system is suggested in the research by Harwerth et ale 

(1986). The principle of limitation of input is exemplified 

by the multiple critical periods for different aspects of 

vision. The spectral sensitivity of cones and rods emerge 

before spatial vision or resolution which emerge before 
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binocular vision. 

The sequence in which sensory systems emerge in 

response to limited input has adaptive advantage according 

to Turkewitz and Kenny (1982). The close of the critical 

period for speech perception of contrasts that are not in 

the environment (Werker & Tess, 1984), or the precedence of 

comprehension over speaking (Speidel, 1989), may have 

adaptive function parallel to that of limited vision as 

analyzed by Turkewitz and Kenny (1982). The narrowly 

restricted vision of infants substitutes for the cognitive 

operation of size constancy when the same object projects a 

different size image on the retina at different distances. 

If the infant only sees objects at a restricted range of 

distance, size constancy is automatically stable, and the 

order of the external world is maintained. The child can 

learn the relative size of objects which is information 

necessary to the subsequent development of size constancy 

(Turkewitz and Kenny, 1982, p. 363). 

If intersensory and intrasensory limitations of 

competition allow organization to occur without 

interference, the introduction of input from a competing 

system triggers restructuring analogous to Piaget's 

disequilibrium and accommodation. "Thus ... the emergence 

of competition at certain stages results in the disruption 

of a stabilized organization and provides the basis for a 

subsequently more advanced reorganization of function (p. 



64 

359)." That periods of absence of interference of 

competition on the one hand and periods of reorganization of 

function on the other correspond to different formulations 

of the critical period hypothesis is made clear by 

Turkewitz and Kenny in their review of sensory deprivation 

experiments. Either interference with the pattern of 

intrasensory competition or intersensory competition at 

different points in development could be disruptive to 

development. "Such interference could come either from the 

premature introduction of competition or from delaying the 

time when competition occurs (p. 359)." This parallels 

Colombo's unpacking of the concept of critical period. A 

critical period can be viewed as a period when the organism 

has a heightened vulnerability to an environmental influence 

in contrast to a period when a particular environmental 

stimulus is necessary to trigger the normal development of 

the system. 

Limited Input and Second Language Acquisition 

Turkewitz and Kenny's proposed adaptive advantage and 

organizational function of limited input in sensory 

development would predict that interference with the limited 

nature of the input would be most disruptive during phases 

of reduced competition while deprivation of the critical 

stimulus would delay reorganization or integration of 

perceptual systems. Total deprivation as in blindness or 
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deafness might result in compensatory neural reorganization 

by other modalities which would block any recovery. 

Delaying the onset of intermodal competition might result in 

delaying reorganization or cause deficits in the perceptual 

integration of the system. 

If such a competition model of sensory development 

could be applied to other systems supporting language 

function, it might explicate some of the observed 

variability in second language acquisition. For example, 

Cummins (1979), in his interdependence hypothesis, proposes 

that if a second language is introduced in school at a time 

when development in the first language is in an early stage 

and the support for that language is primarily in the 

development of interpersonal communication while the school 

language promotes context-reduced academic skills, overall 

adverse affects on cognitive development are predicted as 

well as interference in the development of linguistic skills 

in both languages. Attempts to teach skills in a second 

language beyond the stage of development attained in the 

first language might be seen as interference with 

development at a time when, at some level, there is 

relatively little competition between cognitive domains 

involving interpersonal skills and cognitive academic 

skills. Cummins' (1979) related threshold hypothesis 

clearly reflects this 'concept of limiting input and early 

competition between different cognitive systems. If for any 



reason a minimum level of development is not obtained in a 

child's first language, the need to function bilingually 

will have negative consequences for cognitive functioning. 

This is analogous to the disruptive effect on developing 

systems of the premature introduction of competition in 

Turkewitz and Kenny's model. 

Competition and Neural Development 

Turkewitz and Kenny's (1982) hypothesis provides at 

least a partial explanation of critical periods: They are 

both adaptive to the organism's current stage of 

development and contribute to the organization and 

development of new structures and functions that will be 

adaptively positive in later stages (p. 358). 
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As an illustration of intramodal competition, Turkewitz 

and Kenny cite Wiesel and Hubel's (1963) visual deprivation 

experiments with cats. The effects of visual deprivation on 

the responsiveness of cells in the striate cortex was vastly 

more severe when only one eye was deprived compared to the 

effects of both eyes being deprived. Binocularity appears 

to be promoted by interocular competition. 

As an example of intermodal competition, the work of 

Cynader (1979) is referred to. The effects on the 

responsiveness of cells in the superior colliculus of cats 

who had been reared in the dark showed that in normally 

multimodally receptive cells in the deeper colliculus, 
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visual responsiveness was depressed while auditory and 

tactile responsiveness was not. The continued 

responsiveness of cells specialized exclusively for vision 

in the outer layer of the colliculus is explained by a lack 

of intermodel competition. 

In the case of both intramodel and intermodal 

competition, a mechanism of selective sensitivity which 

operates in a critical period is explained in terms of a 

critical system and critical stimulus. Deprivation and 

vulnerability have different consequences on different 

systems depending on whether interference with competition 

is intermodal or intramodal. 

Turkewitz and Kenny's hypothesis has little empirical 

support. The research they review is amenable to a number 

of rival hypotheses. However, this model provides an 

explanation in terms of adaptive advantage to critical 

periods in development. Its possible relevance to the 

debate on the critical period in langauge acquisition lies 

in the assertion that different 'types of organization are 

beneficial at different stages of development. This 

suggests that in children, the communicative and cognitive 

systems supporting language behavior are optimal at a given 

stage given the necessary environmental stimuli, and they 

are not just imperfect approximations of adult competence. 

Attempts to accelerate development or enrich input might 

actually be counterproductive. Also, if there are sensitive 



periods in humans such that spoken language contains the 

critical stimuli, and some aspects of production are the 
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products of the critical system, one should expect little 

impact on second language acquisition at stages beyond such 

periods since the critical systems have already established 

their functionality. 

Plasticity and Compensation 

Even primary or first language acquisition is 

apparently not subject to a strong version of the critical 

period hypothesis which entails a total loss of plasticity 

after the close of the critical period. Lenneberg (1967) is 

unclear about how the critical period affects second 

language acquisition. According to Johnson and Newport 

(1990), Lenneberg at times favored an "exercise hypothesis" 

in which the capacity for learning language must be 

exercised early in life in order to establish the 

functionality of the language learning ability, and at other 

times advocated a maturational state hypothesis which 

entails the loss, totally or in part, of the ability to 

acquire language after the close of the critical period. In 

basing his hypothesis on inferences from case studies of 

unilateral brain damage (e.g., Basser, 1962) and the level 

of linguistic ability achieved by mentally retarded children 

(Lenneberg, Nichols, and Rosenberger, 1964), he emphasized a 

strong version where recovery of language function after the 



69 

critical period was extremely difficult and, in the case of 

total deprivation of first language, probably impossible. 

However, Lenneberg acknowledged that second language 

learning after puberty to near native competence was not 

uncommon and in doing so seemed to be favoring an exercise 

version of the critical period hypothesis. 

Colombo (1982) points out the problems with defining 

true critical periods according to the irreversibility of 

effects. Most reports of recovery are behavioral, whereas 

clear evidence of anatomical or physiological recovery is 

rare. Behavioral recovery can be due to application of 

compensatory strategies that involve different input or 

different sensory channels as in cross-cuing in split brain 

experiments. Another route for behavioral recovery lies in 

reorganization of the brain. Colombo cites the case of 

Genie (Curtiss,1977, cited by Colombo, p. 269) as an example 

of the taking over of a function by cortical areas 

ordinarily not involved in the function. Genie was deprived 

of exposure to·language beyond the critical period proposed 

by Lenneberg. Dichotic listening tests suggested that 

Genie's productive language ability was localized in the 

right hemisphere although handedness and EEG evidence 

indicate left hemisphere dominance. 

Distinguishing between a "critical period" from which 

no recovery is possible and a "sensitive period" from which 

some degree of recovery is possible is complicated by the 
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plasticity of neural functioning. "The nervous system seems 

to be equipped with an extensive set of subroutines to serve 

in case of damage or emergency, and the younger animal may 

or may not be be.tter equipped in this regard" (Colombo, 

1982, p. 270). Differences in recovery patterns between 

adult and child aphasics do not prove that there is a 

critical period. Better recovery by a subroutine does not 

mean that the primary system would be critical in cases 

where there was no injury. The fact that some recovery of 

function is the norm in cases of neurological damage could 

lead to the conclusion that there are very few critical 

periods of the strong version. "If, however, recovery is 

defined in terms of the specific critical system affected by 

critical period exposure or protection, then one must 

conclude that true critical periods not only exist but are 

relatively abundant throughout the ontogeny of an organism" 

(Colombo, 1982, p. 277). 

When this observation is applied to language 

acquisition, it suggests that future studies may have to 

abandon the quest for a single sensitive period that applies 

to language as a whole (see Seliger, 1978, for a discussion 

of multiple critical period in language acquisition). The 

current use of the term critical period embraces an 

extremely wide range of phenomenon in animal behavior and 

ontogenesis. Very little experimentation in the area of 

critical period for language acquisition would fit Colombo's 
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criteria of usefulness in limiting the term critical period 

to phenomenon that demonstrated within acceptable degrees of 

approximation (a) a definite range in terms of age and 

maturational state for the onset and termination of the 

period and (b) a precisely distinguished critical stimulus 

and (c) an equally specific account of the critical system 

that will be affected and how that effect deviates from the 

norm in later development due to deprivation or exposure to 

the critical stimulus. "Those periods that have been 

thoroughly researched have shown a typical morphology of 

gradual onset, some peak of sensitivity and a somewhat more 

steeply graded terminus (Colombo, 1982; p. 270)." 

Language acquisition studies have generally started 

with a canonical age of onset and terminus (2 and 12 years, 

or puberty) following Lenneberg (1967) and bolstered by folk 

psychology. Empirical evidence for this time frame is 

inconclusive at best--the only stable evidence for a 

critical period concerns the perceptual organization of 

vowel contrasts and segmental and intonational features. 

The terminus of this period is about 1 year of age and is 

reversible with varying degrees of exposure and training. 

As for identifying the critical stimuli, a few studies limit 

their design to specific skills such as pronunciation, 

comprehension, syntactical control and use of obligatory 

morphemes, but even the most focused of such studies (e.g., 

Asher and Price, 1967; Oyama, 1976; Patowski, 1980; Scovel, 
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1981) involve multimodal sensorimotor schemas and 

recognition, production and communicative use of language. 

Exact specification of the critical systems involved in 

language acquisition is the most difficult criterion to 

satisfy in critical period studies, given the current levels 

of understanding at the neurophysiological level and the 

diversity of theoretical models of cognitive processing that 

have been proposed. 

However rapidly progress is made in these areas, it is 

unlikely that support will accrue for the hypothesis that 

second language learning is limited by a biologically 

determined critical period for any of the systems of neural 

organization that support language. There are undoubtedly 

perceptual, motor and cognitive prerequisites for language 

acquisition in terms of minimum level of development. The 

perceptual and motor development required for the 

acquisition of primary language is sensitive to critical 

stimuli in analogous systems in other vertebrates, and there 

is no evidence that they would not be sensitive to formative 

environmental interaction in humans. However, there is no 

stable evidence to support the hypothesis that once 

functioning was within the normal range in these systems, 

the ability to acquire a second language would decline with 

age. 

Specific neural events have not been associated with 

any proposed stage in language development. Brain 
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lateralization was proposed by Lenneberg (1967) and 

subsequently by Scovel (1969) as the basis for a loss of 

plasticity in neural organization which resulted in a 

decline in the ability to acquire language .. However, 

subsequent research has shown that lateralization of 

function is accomplished very early in childhood, perhaps 

even at birth (Kinsbourn, & Hiscock, 1977; Witelson, 1987). 

The progressive development of hemispheric lateralization 

cannot be considered an explanation for an omnibus version 

of the critical period for language acquisition which closes 

at puberty. 

There remains the possibility that the process of 

lateralization accounts for critical periods of different 

aspects of language function with different onset and 

terminus windows in development. Lenneberg (1967) 

envisioned lateralization as a gradual process, so the 

critical period could be explained in terms of relative 

degree of lateralization at earlier and later periods of 

development. Witelson (1987) has reviewed evidence from 

diverse fields of inquiry relevant to lateralization and 

language function and finds support for a model of 

hemispheric specialization that is established at birth with 

no subsequent change either in degree or type. What appears 

to be an increase in lateralization is more parsimoniously 

explained as a reflection of an increased repertoire of 

different cognitive skills. That the number of lateralized 



skills increases with age is seen by Witelson as an 

epiphenomenon and not as an indication of an increase in 

functional differentiation of each hemisphere. 
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That hemispheric specialization is established long 

before the onset of language in children suggests that more 

basic cognitive functions are the bases of neural asymmetry 

and that the lateralization of processes supporting speech 

production and comprehension may be due to these processes 

that are established earlier in ontogenesis (Witelson, 1987, 

p. 677). One working hypothesis presented frequently is 

that the left hemisphere's unique function is its mode of 

processing stimuli as discrete items with reference to their 

temporal framework. This could be the basis of the 

perception of series of phonemes in words and of words in 

sentences. To the extent that language comprehension, 

speech production, and other voluntary sequential motoric 

behaviors depend on such processing, they may be represented 

by left hemisphere processing (p. 678). 

The right hemisphere has been designated as the locus 

of processes that translate sequentially perceived stimuli 

into a gestalt or unitary configuration. Recognition of 

faces, responding to musical structure and orienting oneself 

in three dimensional space are seen as examples of this kind 

of processing. But there is also a great deal of evidence 

for the role of the right hemisphere in processing language. 

Investigators of the hypothetical cognitive precursors of 
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language cannot, in view of this evidence, concentrate 

solely on the processes believed to be characteristic of the 

1eft hemisphere. If there are critical periods in the 

development of neural systems that support language and 

appear to be localized in the left hemisphere, the degree of 

interaction, competition and relative independence of 

complementary systems localized in the right hemisphere must 

also be taken into account. There is also no reason to 

avoid looking for subcortical localization for critical 

systems as there is ample evidence of involvement of the 

thalamus and other subcortical regions in speech production 

and comprehension (Lamendella, 1977; Efron, 1990). 

Joanette, Goulet and Hannequin (1990) believe the 

evidence supports a model in which the right hemisphere is 

the locus for many communicative process that are involved 

in speech but are not, strictly speaking, linguistic 

processes. "These contributions of the right hemisphere 

concern, at the very least, lexicosemantic processes, the 

comprehension and/or the expression of prosody, and the 

apprehension and the processing of contextual information 

that is necessary for efficient verbal communication (p. 

188)." 

Cognitive Flexibility. Schneiderman and Desmarais 

(1988) propose a neuropsychological basis for child-adult 

differences that commonly favor the child in acquiring a 
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second language. However, they do not view their construct 

of neurocognitive fiexibility in terms of a critical period. 

The flexibility involved is that of processing a second 

language in a way that directly accesses language-specific 

cognitive structures, the Language Acquisition Device in 

Chomsky's terms, while avoiding pathways that have been 

established for the first language. They believe that 

flexibility entails the ability to set new parameters of 

Universal Grammar in response to input from a second 

language without recourse to applying strategies that are 

effective for processing the first language. After initial 

parameters are set for a first language, appropriate 

processing strategies are developed which become more 

refined as language approaches adult competence." In the 

initial stages of acquisition, the child can be viewed as 

maximally flexible. As the first language develops, 

flexibility gives way to the fixing of a grammar and the 

establishment of corresponding processing strategies (p. 

109)." The idea of a critical period in terms of the loss 

of access to the principles of universal grammar (which 

would entail a strong version of the critical period 

hypothes~~ and a qualitative difference in language learning 

outside of it) is rejected because older children for whom 

the first language parameters have presumably been 

calibrated in fine detail are considered to be still 

talented se"cond language learners. A lso the simultaneous 
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acquisition of more than one language would be difficult to 

account for in a model that proposed a single setting of the 

parameters of universal grammar. In addition, the idea that 

the Language Acquisition Device, which contains the 

principles of universal grammar, simply turns off at a 

biologically predetermined time, seems to imply that the 

unusually talented adult learner is one who has never 

achieved neurological maturity. Instead, it is the 

neurological correlates of divergent thinking that initially 

allow the normal child the flexibility to be open to the 

vast possibilities of human languages and which is 

maintained in the exceptionally talented adult language 

learners alongside their competence in a fully developed 

primary language. 

Schneiderman and Desmarais (1988) hypothesize a crucial 

role for the right hemisphere in cognitive flexibility 

involving talent and creativity generally and language 

acquisition specifically. They cite evidence for a view of 

the right hemisphere contribution to cognitive flexibility 

in terms of structural differences between the two 

hemispheres that underlie a right-hemisphere advantage in 

apprehension of novel stimuli across various modalities 

(Goldberg and Costa, 1981). In the view of Goldberg and 

Costa (1981), the right hemisphere is essential to any kind 

of learning because there is a greater amount of associative 

cortex and interareal connections. The left hemisphere is 



seen as playing a greater role in storage and operation of 

descriptive systems. 
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Schneiderman and Desmarais (1988) refer to studies that 

show right hemisphere dominance is first exhibited early in 

encounters with new stimuli followed by a gradual shift to 

the left hemisphere as the stimuli become familiar. The 

tasks involved in this shift include face recognition, 

verbal naming of novel symbols, and dichotically presented 

musical sounds. Evidence that bilinguals are more left

lateralized in their first language than in their second and 

that proficient bilinguals are more left-lateralized than 

less proficient bili~guals (Schneiderman & Wesche, 1983; 

Silverberg, Bentin, Gaziel, Obler, & Albert, 1979; Sussman, 

Franklin, & Simon, 1982; Sewell & Panou, 1983) can be 

construed as support for the hypothesis that the right 

hemisphere is crucially involved in the acquisition of 

skills and knowledge essential to language acquisition, and 

that such knowledge is subsequently organized into a 

"descriptive system" localized in the left hemisphere. 

The Stage Hypothesis 

Vaid and Genesee (1980) propose a similar· model of 

second language processing in the nondominant hemisphere in 

which the later the second language is learned, the more 

informal the manner of acquisition, and the earlier the 

stage of development of the second language, the more the 
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right or nondominant hemisphere will be involved. 

Conversely, the earlier the second language is learned, the 

more formal the manner of acquisition, and the more advanced 

the level of second language development, the more the left 

hemisphere will be involved in processing. This view 

incorporates a "stage" hypothesis in which the level of 

ability in the language determines qualitatively the kind of 

cognitive processing involved in learning the language. 

Vaid. and Genesee believe that it is particularly important 

to the stage hypothesis that the capabilities of the right 

hemisphere are sufficient to the tasks of second language 

acquisition in the early stages. Galloway and Krashen 

(1980), Scarcella (1974), Hakuta (1974), and Wong-Fillmore 

(1979) have shown that the production of beginning children 

and adults is highly formulaic and contextualized with 

comprehension depending more on contextual clues than on the 

relationships signaled by the function words. Also, 

prosodic features are more salient than phonemic, and 

pragmatic features are more crucial than syntactic 

(Blumstein and Cooper, 1~74). This evidence might suggest 

the thesis that in early stages of language acquisition, the 

learner is focused on a different level of analysis of the 

input that at later stages. That is, the input is 

perceived in a limited way--less rich or complex than at 

later stages. 

Vaid and Genesee (1980) believe that such components of 
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language are within the processing capacities of the right 

hemisphere. However, the hypothesis that right hemisphere 

processing is more involved in initial as compared to later 

stages of second language acquisition has not been 

consistently confirmed in empirical studies. 

Cortical Specialization 

The findings of Ojemann and Whitaker (1978) in 

electrical stimulation mapping of the speech. areas of the 

brain of bilingual subjects can be construed as support for 

the stage hypothesis or the cognitive flexibility hypothesis 

o~ Schneiderman and Desmarais. They found a pattern of a 

wider area of cortical involvement in the perisylvian region 

of the dominant hemisphere for the second language as 

compared to the first. Ojemann and Whitaker suggest that 

"during the course of acquisition of a language, initially a 

large number of neurons located over a wide area of cortex 

are needed for execution of naming in that language, and 

that as proficiency in the language progresses, or with 

continued use, the number of neurons or the areas of cortex 

necessary for executing naming or both shrink (p. 412)." 

These studies suggest that the search for different 

localizations of language functions in first and second 

languages cannot rely on data from brain lesion studies 

because the regions mapped by Ojemann and Whitaker are much 

smaller than the areas affected by most lesions. The wide 
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variety of effects of lesions on the speech capacities of 

polyglot aphasics can be explained by differences in gross 

damage to areas common to both languages and subtle damage 

to areas of differential involvement (p.112). Different 

patterns of localization may depend on the degree of 

relatedness of the first and second language and the mode of 

representation of the written language as well as the level 

of proficiency in each language. 

The evidence that each patient's second langauge is 

represented in a wider area of cortex than the primary 

language could be interpreted as evidence of progressive 

intrahemispheric specialization compatible with the stage 

and flexibility hypotheses. The two case studies, however, 

had extremely different histories of second language 

acquisition. Case 1 did not begin learning English, his 

second language, until after the age of 25, which was also 

after a partial left temporal lobectomy performed to control 

epileptic seizures. Case 2 had grown up using her second 

language, Spanish, in her home from infancy. The areas 

where electrostimulation interfered exclusively with Spanish 

formed a pattern of wider cortical involvement than that of 

the first language, English. This pattern was similar to 

that formed by interference with English, the second 

langauge of case 2, whose native language was Dutch. 

However, case 2 had only been speaking English for two 

years, so evidence of increased localization with higher 



levels of proficiency could not be inferred from the 

mappings. The fact that case 2 was left-handed and had 

right hemisphere dominance for language as revealed by 

intracorotid sodium amy tal testing complicates 

interpretation in terms of the flexibility or stage 

hypothesis since left handedness has been associated with 

atypical patterns of localization. 

Flexibility and Lateralization 
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Flexibility, according to Schneiderman and Desmarais 

(1988) is distinct from plasticity, whereas for Wilteson 

(1987) plasticity is distinct from lateralization of 

cognitive functions. Flexibility is defined as the 

continued availability of creative cognitive strategies in 

processing language while plasticity is the brain's 

resiliency or structural· adaptability in response to damage 

or environmental deprivation. Talented language learners 

"appear to be less left lateralized for language than 

individuals who are less flexible and consequently less 

talented for second language learning (Schneiderman and 

Desmarais, p. 116)." In this view, the right hemisphere is 

more flexible, and learners who employ right hemisphere 

strategies in second language acquisition are using 

proportionally more cortical area than untalented learners. 

However, if this hypothesis is interpreted in the ligh~ of 

Witelson's evidence that the pattern of lateralization is 
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complete at birth, and that it does not increase in degree 

over cognitive development, then the view that flexibility 

is result of adventitious structural differences in the 

brain is brought into question. In considering the talented 

language learner a rare genius of sorts, Schneiderman and 

Desmarais claim such learners are neurologically different 

from the norm. But since flexibility is the explanation for 

first language learning, it is an attribute of all children; 

therefore it is the loss of flexibility rather than its rare 

occurrence that requires explanation. It seems clear that 

the loss of flexibility is another version of the critical 

period hypothesis: children normally lose their cogniti~e 

flexibility in acquiring language. What is unclear is what 

specific neurological changes are responsible for the loss 

of flexibility. 

When Schneiderman and Desmarais (1988) suggest that 

there may be cognitive deficits associated with unusual 

language talent, specifically modes of processing usually 

hypothesized to be localized in the right hemisphere such as 

directionality and spatial orientation, they are appealing 

to a model of increasing lateralization with cognitive and 

linguistic development, which was Lenneberg's explanation of 

the critical period, a view that has been contradicted by 

data. The "compensatory model" interprets the case of C. 

J., an exceptional language learner who substituted verbal 

strategies to perform non-verbal tasks, as something like 
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the appropriation of right hemisphere cortex normally 

devoted to other types of processing by language functions. 

This is clearly not the same construct as flexibility, which 

is the continued use of right hemisphere processes and 

strategies in appropriate response to new environmental 

input. Using more of the right cortex for language 

functions at the expense of its usual modes of processing is 

not equivalent to using normally right hemisphere processes 

that ~ere necessary to the natural acquisition of the 

primary language in the acquisition of a second language. 

This confuses the concept of flexibility with degree of 

lateralization of language functions in the brain and 

presupposes that a lesser degree of lateralization is the 

neurological precondition for sensitivity for language 

acquisition. 

The concept of flexibility is related to cognitive 

advantages observed in bilingual children which are 

generally reported in terms of precocious metalinguistic 

sophistication and superior performance on tests of 

divergent thinking and or~ginality (Bain and Yu, 1978; 

Cummins, 1978). The suggestion that early bilingualism 

enhances the cognitive flexibility of children raises the 

question of whether adult bilinguals retain this flexibility 

and whether monolinguals can carry flexibility into 

adulthood. Here the concept of flexibility seems to abjure 

the physiological explanation and appeals to affective and 
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cultural causes for the loss of flexibility. 

Summary 

While the role of the non-dominant hemisphere in 

language acquisition is undecided, it ;s clear that there is 

no definitive empirical evidence to support the hypothesis 

that 1atera1ization of language function marks the close of 

a cri~ical or sensitive period for language acquisition. It 

would seem that there is little conclusive evidence for a 

neurophysio10gically determined sensitive period during 

which language acquisition is more or less effortless and 

after which acquisition is difficult or impossible. 
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Empirical Studies 

Background 

Recent empirical studies relevant to the critical 

period hypothesis either assume or stipulate that evidence 

of late learners' superiority in studies of initial learning 

rates (e.g., Snow and Hohfnagel-Hole, 1977) does not 

disconfirm the hypothesis. Most current proponents of the 

critical period hypothesis restrict their concern to 

ultimate proficiency in a second language, which is 

operationalized as judgments of closeness to native 

performance. It is also important that a critical period 

for language learning involves acquisition in a·naturalistic 

setting and not formal learning. This caveat preserves the 

theoretical motivation, very much a concern with Lenneberg, 

that presupposes an autonomous language acquisition device 

that processes language input through the use of innate 

universal knowledge. Foreign accent, in this view, is a 

manifestation of the limited ability to acquire second 

languages outside the biologically determined critical 

period and is generally considered as evidence supporting a 

global hypothesis that includes all language skills. 

Ultimate achievement as the true test of the critical period 

hypothesis dates from the review of Krashen, et al. (1979) 

in which it was concluded that adults and older learners 
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exceed younger children in initial gains (with the debatable 

exception of phonology) in both formal and informal 

settings, while children, only in naturalistic settings, are 

superior in terms of ultimate achievement. 

Pronunciation 

In pronunciation, the data are inconsistent, with some 

studies showing an advantage for younger learners and some 

reporting an advantage for older learners. 

Asher and Garcia (1969) compared the sentence 

pronunciation of 71 Cuban immigrants who had been in the 

United States for about five years and found that the 

earlier the age of arrival, the closer their pronunciation 

was judged to be native-like. It is cause for reflection 

that none of the subjects were judged fully native in 

accent. The early arriving group was most likely judged to 

be non-native because of dialect differences between the 

judges and the subjects. It may be impossible to 

distinguish foreign accent from differences in dialect for 

bilingual minority groups. In any case, adults who learn 

English as members of a large Spanish-speaking minority will 

not try to imitate the cadences of Standard English in the 

dominant culture but rather will tune in to the dialect of 

the bilingual community with which they identify. 

Oyama (1976) studied 60 Italian male immigrants who 

were all college or preparatory school educated in the 
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United States. She also found that the earlier the age of 

arrival, the higher the pronunciation ratings. She was 

specifically concerned with the hypothesis "that there is 

some developmental period, stretching roughly from 18 months 

to puberty, during which it is possible fully to master the 

phonology of at least one . • . nonnative language, and 

after which complete acquisition is impossible or extremely 

unlikely (p. 263)." 

Patkowski (1980) designed a replication of Oyama's 

(1976) study into his investigation of a sensitive period 

for syntax. This study involved 67 immigrants who had 

resided in the United States for at least five yea~s and 

were from highly educated backgrounds. The independent 

variables were age of arrival, years in the United States, 

amount of informal exposure and amount of formal exposure. 

He found a strong correlation with age of arrival and accent 

rating which was not reduced in second order partials 

controlling for combinations of the other variables. 

Patkowski does not give any details about the first language 

of the subjects or the method of selection so the questions 

of sociolinguistic factors and selection bias cannot be 

evaluated. In the early arriving bilinguals, the questi'on 

of which language was dominant is important in validating a 

theory of second language acquisition. 

Seliger et ale (1975) surveyed 394 immigrants to both 

Israel and the United States for self reports on accents in 
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Hebrew or English. Close to 90% of those who had arrived 

after the age of 16 reported an accent, whereas only 5.7% of 

those who had arrived before the age of 10 reported an 

accent. The total number of years of exposure did not have 

an effect on reported accent. About 7.6% of the aduit 

learners reported no accent, whereas 85% of the pre-pubertal 

learners claimed to have no accent. Since graduate students 

were instructed to find immigrants in each age group, the 

possibility of ignoring or being unaware of adult learners 

who had achieved native proficiency is quite high, a 

possibility that allows for a higher incidence than 

reflected by the survey of postpubertal learners who are not 

affected by the critical period constraints. 

In a study of 109 subjects with various native 

languages who had lived in the U.K. from 2 to 55 years, 

Tahta et al. (1981) found the age of arrival was strongly 

related to ratings on degree of accent. Factors such as the 

use of English at home appeared to contribute to achieving a 

native-like accent only for the age group 7-12. Ther~ was 

no effect for length of stay. This study did not find any 

sharp discontinuity in the increase of accent rating with 

age of arrival, which might mark a terminus to the critical 

period. 

Tahta et al. (1981b) studied the ability of 231 children 

of different ages to imitate foreign pronunciation at first 

exposure in a laboratory setting and reported a decrease in 
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ability with age. This study found a slight revival of 

ability in the group 11-15 years old but they were still 

below the early group of 5-8 years old. This aberrant peak 

does not fit the traditional critical period hypothesis, but 

the unnatural method of learning and the concern with 

initial gains is beyond the claims of the hypothesis by 

stipulation. Pronunciation is the one area where some 

studies show that initial gains are superior for younger 

learners which has engendered speculation of an earlier 

termination of a critical period for pronunciation (Seliger, 

1978). 

Cochrane and Sachs (1979) gave the same amount of 

instruction to 16 adults and 16 seven-year-olds and then 

tested them on their ability to learn stress rules and 

imitate the words. The children were rated higher and 

judged to exhibit less interference from English stress 

patterns. Cochrane (1980) found an advantage for Japanese 

children over adults in the discrimination and production of 

English III and Ir/. In a second experiment it was shown 

that adults profited from five hours of formal pronunciation 

training while the children did not. Fathman (1975a) found 

in his study of 200 children aged 6 to ·15 that in sentence 

completion tasks with picture stimuli older children 

performed better on syntax and morphology while younger 

children were rated better on pronunciation. Again, short 

term assessment and formal learning make· these studies 



merely suggestive as far as proponents of the critical 

period hypothesis are concerned. 
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Studies that show an advantage for older learners in 

initial gains in pronunciation appear to challenge the 

critical period hypothesis if such effects are hypothesized 

as the result of perceptual or motor limitations outside the 

critical period. Thus Loewenthal and Bull (1984) show that 

older children are better at imitation of foreign sounds in 

a study involving 39 English-school children imitating non

English sound in Armenian. This finding held after 

controlling for age-related factors such as failure to 

respond and length of utterance. Loewenthal and Bull suggest 

that imitating a recorded sound from a male model might be 

easier for older students than younger students. In the 

Tahta et al. (1981b) study which obtained the opposite 

results, the models were live females who interacted through 

a game protocol that appealed to the younger subjects. In 

any case, this study does not show any degradation with age 

in the ability to produce or perceive native-like second 

language sounds. 

Neufeld (1980) ~onsiders a strong version of the 

critical period to allow no exceptions; that is, it would be 

impossible for adults learners to acquire native proficiency 

in accent-free speech. Thus, his demonstration that adult 

second language learners can pass for native is, for him, a 

strong counterindication of neurological constraints on 
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phonological competence. In his experiment, tape recordings 

of five of seven advanced students who had learned French as 

adults were judged to be native speakers by a pool of 85 

French Canadians. His second experiment reveals an 

asymmetry in the capacity to recognize native speech and the 

ability to produce it, suggesting that in adults, at least, 

phonological competence might precede performance or 

articulatory capacity. Weaker versions of the critical 

period hypothesis that constrain only articulatory capacity 

would not necessarily involve language acquisition. MacKain 

et a1. (1981) has shown that late immersion adult Japanese 

bilinguals were capable of performances equal to the native 

controls on identifying the /rl and III distinction in 

English but did poorly on discrimination tasks. This also 

suggests the possibility of articulatory ability lagging 

behind phonological competence. Neufeld and Schneiderman 

(1980) provided instruction for 20 adult English-speakers 

for 18 hours in intensive Japanese, Chinese or Eskimo 

phonology. In subsequent evaluation by native speakers, 50 

percent were judged to have native-like accents. 

Thogmartin (1982) conducted two experiments involving 

the acquisition of new speech sounds. In one, subjects 

learned artificial words. In the other, students were 

tested after a 10-week course in Mandarin Chinese. The 

older students performed better in both experiments. 

Po1itzer and Weiss (1969) also found that older American 
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School children imitated French vowels more accurately than 

younger children, and Snow and Hoefnagel-Hole (1978) found 

that accuracy in pronouncing Dutch was positively correlated 

with age in a study involving English speaking adults and 

children living in Holland. 

The evidence that bears on the critical period and 

phonology is contradictory in the initial gains studies in 

formal settings. Although such evidence is rejected by 

stipulatiITg that the critical period hypothesis only 

involves ultimate attainment in naturalistic input 

environments, older learners' ability to produce and 

perceive non-native sounds as well or better than younger 

learners is clearly relevant to a notion of biological 

limitations to phonological competence (see also Ekstrand, 

1976; Ervin-Tripp, 1974; Snow & Hoefnagel-Hole, 1978). 

Rival explanations for the low incidence of late learners 

who achieve native proficiency based on cognitive, social 

and cultural factors are given little serious consideration. 

Ultimately, the most obvious objections to arguments for the 

critical period based on foreign accents is that they do not 

necessarily prove that cogntt~ve-linguistic factors are 

involved. A critical period confined to perceptual-motor 

aspects of language does not implicate the language 

acquisition device, a model of innate knowledge of syntax 

that motivated the construct of critical period for language 

learning in the first place (Lenneberg, 1967). 
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In most of the studies, subjects were chosen from those 

having maximum opportunity and motivation to achieve a high 

level of proficiency in English. The evidence is strong that 

most adult second language learners retain a foreign accent, 

while children generally do not. That there are exceptions 

to both of these generalizations is also difficult to 

dispute. The sociolinguistic complexities of accent, 

register, style, diglossia and dialect are among the 

confounding effects that were beyond the scope of these 

studies. As Hill (1970) reports, it is possible that adult 

learners in other cultures, where different functions and 

valuations.of multilingualism obtain, generally achieve 

native proficiency in pronunciation. It is also possible 

that there is interaction between the two language systems 

of the bilingual which has an effect on performance that 

does not involve age directly at all. Bilingualism itself 

could be the cause of differences in pronunciation due to 

some cognitive economy of blending or approximating phonemic 

boundaries that differ in each language. This would be 

contrary to the critical period premise that second 

languages are learned during the period without interference 

to·native levels of ability. However, as Flege (1987) 

points out, researchers have found other interpretations for 

evidence of this phenomenon in balanced bilinguals (Mack, 

1984, cited in Flege, 1987: 164). 
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Acquisition of Other Skills 

Studies of Ultimate Achievement. At this writing, 

Johnson and Newport (1989) have conducted the only study of 

child-adult differences in ultimate attainment which 

involves a wide variety of grammatical skills. Forty-six 

native Korean and Chinese speakers judged the grammaticality 

of 276 spoken English sentences. The subjects had lived in 

the Unit~d States between 3 and 26 years and had arrived 

between the ages of 3 and 39. Both t-tests and 

correlational analysis showed a strong advantage for the 

early arrivals over those arriving later. Native speakers 

six and seven years old were administered all the measures 

to establish a performance baseline with near perfect 

scores, which suggested to the authors that knowledge of the 

language and not linguistic insight was being tested. Also, 

information on attitude, American identification, motivation 

and amount of total exposure was gathered. The overall 

correlation between age of acquisition and performance was -

.77; for the prepubertal arrivals it was -.87. Every 

measure of syntax and morphology obtained a significant 

correlation between age of arrival and performance. Those 

who arrived before the age of 7 reached native levels of 

performance, and for those arriving later, there was a 

linear decline until after age 15. With postpubertal 

arrivals there were great individual differences instead of 



96 

a continuing overall decline. Although there was no effect 

for years of exposure, American identification did show a 

significant effect but did not account for a large amount of 

the variance leaving age of arrival the strongest predictor 

of performance. 

Johnson and Newport consider the fact that there is 

little individual variation in subjects before the age of 

15, and especially before the age of 10, as evidence for the 

influence of maturational factors sinca "the age effect is 

present during a time of ongoing biological and cognitive 

maturation and absent after maturation is complete (i.e., at 

puberty). Thus, it appears as if language learning ability 

slowly declines as the human matures and plateaus at a low 

level after puberty (p. 90)." They also believe that their 

evidence supports a "maturational state hypothesis," a 

strong version of the critical period hypothesis that 

applies equally to first and second language acquisition 

outside the critical period. However, as Johnson and 

Newport themselves emphasize, "the maturational state 

hypothesis is ... not in itself an explanation (p. 95)." 

What is missing is any attempt ~o discover the neurological 

events that are responsible for the onset and terminus of 

the critical period. Research has not found any marked 

neurological developments that coincide with the traditional 

time frame of the critical period. From the results of 

their study, Johnson and Newport revise the critical period, 
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claiming that a decline in ability to acquire language 

begins much earlier than once thought, perhaps around the 

age of seven, and continues very gradually until the close 

of the critical period during or after puberty, but they do 

not suggest any neurological events that coincide with their 

newly proposed chonology. 

In view of the lack of any biological or 

neurophysiological evidence to support a critical period 

hypothesis for second language acquisition, rival hypotheses 

and confounding factors should, perhaps, be given more 

serious and systematic attention in studies of such 

differences. Johnson and Newport acknowledge the complexity 

of this proposal in considering the experiential and 

attitudinal variables designed into their study as a very 

short list of the possibilities. "[A] more rigorous test of 

this question could be performed. Nonmaturational 

hypotheses do not typically purpose that one attitudinal 

variable, for example, self-consciousness, will alone 

predict performance; rather, they propose that the 

combination of all of these variables favors children over 

adults (p. 67)." In view of this acknowledgement, it is 

difficult to conclude that Johnson and Newport believe they 

have adequately tested attitude with a self report on 

identification, self-consciousness and motivation. Language 

ability involves complex interactions among sensorimotor, 

affective, cognitive, social and cultural domains, and it is 



only the failure to consider how these factors covary with 

age that leads to acceptance of the critical period 

hypothesis in spite of the absence of any direct 

neurological or biological evidence for it. 
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The older a person is upon arrival in an established 

expatriate community of their own nationality, the less 

likely they will achieve complete integration culturally and 

linguistically in the dominant community. The possibility of 

a cohort effect is greatly enhanced by the selection of the 

early arrivals from among only freshman and sophomore 

undergraduates while late arrivals were research associates, 

professors and graduate students. Choosing only Chinese and 

Korean subjects in order to eliminate possible transfer 

effects from languages closely related to English also 

eliminates random selection from the design. A balance of 

different native language subjects and educational 

backgrounds could cancel effects of common dialects and 

communicational strategies within such groups. Johnson and 

Newport were concerned about the possibility that the 2-13 

years of mandatory English instruction in the native country 

of the late learners might "reduce the effects of age of 

arrival (p. 69)." They believed that this instruction might 

constitute a head start that would mean an actual earlier 

age of exposure than that of age of arrival. Greater 

ultimate achievement might result than predicted by age of 

arrival. However, an equally plausible effect of formal 
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study in an academic setting in the native country would be 

fossilization of non-native locutions and communicative 

strategies. They might acquire a second language dialect 

with simplifications and non-standard conventions. Selinker 

(1972) noted that many adult learners' communicational 

strategies dictate that they stop learning when they succeed 

in meeting basic functional goals in communicating. This is 

especially likely when contact with the speech community of 

the target language is restricted. 

Patkowski (1980), in a study of 67 immigrants who had 

resided in the United States from 5 to 50 years, also found 

evidence to support the hypothesis that younger is better in 

terms of ultimate achievement in grammar. In this design, 

transcripts of speech elicited in tape recorded interviews 

were judged for syntactic accuracy by trained examiners. 

Subjects who had arrived before the age of 15 were rated 

higher than those who had arrived later. Additionally, years 

of exposure to English in both formal and informal settings 

was found to have no significant relationship with 

performance. From his evidence, Patkowski infers the 

optimal age for learning to be from 12 to 15 years, a period. 

well into the decline of abilities according to Johnson and 

Newport. Snow and Hoefnagel-Hole (1978) and Fathman (1975a) 

also found young adolescents to be superior to both children 

and adults in short-term studies of achievement. However, 

Snow (1983) explain~ the superiority of the adolescents as 
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due to more exposure and higher communicative demands. 

Although Patkowski's study can support the claim that those 

who begin second language ~cquisition before adolescents 

ultimately perform better than those who begin later, there 

is no evidence that younger children perform better than 

older children. 

Interpreting his results as evidence for a genetically

based language acquisition device that turns off at puberty, 

Patkowski suggests that older learners use qualitatively 

different means to learn language. Alternative explanations 

should be considered equally likely, especially since 

Patkowski provides no evidence of biological or neurological 

events that occur at puberty. Snow and Hoefnagel-Hole 

(1977) cite evidence that adults are more tenacious in 

clinging to their far more developed cultural-personal 

identities while children are more motivated to aspire for 

native-like abilities. The younger the child is, the less 

cognitively demanding a 'native proficiency' standard would 

be; there would simply be less structurally, lexically, 

functionally and communicatlvely to remember, comprehend and 

use. How beginning a sec~~d language as an adult, when the 

standards of adult discourse would be overwhelming, affects 

ultimate outcome through the operation of sociolinguistic 

and attitudinal variables has not been the direct concern of 

any research. Much speculation about who has the most 

demanding challenge cognitively in acquiring novel language, 
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the child or the adult, awaits empirical resolution. 

Oyama (1978) tested subjects' ability to repeat English 

sentences in the presence of varying degrees of masking 

noise. This task was designed tc test global abilities in 

integrating linguistic knowledge. Syntactic knowledge was 

assumed to be tested in this task, although it seems 

possible that another, not purely linguistic skill, such as 

imitation, was being tapped. Comprehension and the 

integration of linguistic knowledge may not have been 

directly tested. Oyama analyzed a number of possible 

attitudinal and experiential factors, including those 

adopted by Johnson and Newport: motivation, self

consciousness and identification. When partialing out the 

effects of age of arrival, these factors were found to be 

insignificant. The only significant predictor of 

performance was age of arrival. Oyama's analysis does not 

meet Johnson and Newport's rigorous test of nonmaturational 

factors by examining the effect of a combination of such 

factors. 

Rival explanations in the findings of Johnson and 

Newport (1989), Patkowski (1980) and Oyama (1978) also 

deserve consideration because the degree of bilingualism was 

not controlled. For early arrivals, it is possible for 

attainment in the second language to outstrip that of the 

first, complicating the issue of primary language of use, of 

cultural identity, and of maintaining significant 
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interpersonal bonds. 

Rate of Acquisition studies 

Morris and Gerstman (1986) presented a twenty-minute 

lesson in Hawaiian to 182 school children and subsequently 

tested them on semantic and syntactical knowledge. The 

junior high and high school students performed better than 

the fourth-grade group. In addition, a core of primary 

language proficiency and academic ratings consistently 

predicted performance on the test across all age groups. 

This study was designed to test a strong version of the 

critical period hypothesis, although advocates would claim 

that initial gains studies are irrelevant. They believe 

that a strong version of the critical period entails 

superior learning by prepubertal over postpubertal second 

language learners in spite of variations in (a) relationship 

between first and second language, (b) the particular subset 

being learned whether within or across syntax, semantics or 

phonology, (c) the level of task difficulty whether in terms 

of memory capacity, or metalinguistic versus linguistic 

skills.and (d) the setting, whether formal or informal. In 

other words, Morris and Gerstman believe it reasonable to 

expect superior language learning capacity to operate across 

many variables perhaps because it is a biologically based 

capacity. But the critical period hypothesis was first 

invoked to account for the child's ability to acquire native 
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competence from limited input. The autonomous acquisition 

device must follow its own rules in naturalistic settings to 

function. Therefore, it could be objected that the above 

factors cannot apply to the critical period hypothesis as 

envisioned by its advocates. Morris and Gerstman's list is 

an intuitively reasonable set of expectations. It does 

raise the question as to the acceptability of stipulations 

such as those involving naturalistic settings and ultimate 

achievement imposed from theories of Universal Grammar on 

the biological concept of critical period. There is no 

biological explanation as to why the effects of exposure to 

the critical stimuli would not be manifested for many years; 

there is no cognitive explanation of the process by which 

slower learners are superior learners during just that time 

when they are slow, the evidence of this superiority 

emerging much later as ultimate achievement. Critics of the 

critical period hypothesis are implicitly or explicitly 

critics of the cognitive/linguistic model of language 

acquisition in which it plays a central role. Therefore, 

the authors of the rate of acquisition studies do not 

acknowledge the irrelevance of their studi~s to the question 

of a critical or sensitive period for language acquisition. 

These researchers are interested in controlling the 

variables such as those listed by Morris and Gerstman in 

order to find explanations fer observed child adult 

differences. 
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Burstall et al. (1974) compared the amount of French 

learned in terms of listening, reading and writing between 

two large groups of British school children. One group 

began a brief daily French lesson at the age of eight and 

the other group began at the age of eleven. Both groups 

received the same of amount instruction. The older learners 

performed better in listening, reading and writing skills 

but those beginning study at a younger age scored higher on 

a speaking interview test that involved interpersonal 

communication skills. In terms of Cummins' (1979) 

distinction between cognitively demanding context-reduced 

cognitive/academic language skills and context-embedded 

interpersonal skills, only the speaking test tapped the 

latter. It fits Cummins' interdependence hypothesis that 

the degree of development of first language context-reduced 

skills should be reflected in the second language, other 

variables being equal. 

Ekstrand (1978) used the same sound tapes and audio

visual method of presentation, where the role of the teacher 

was reduced to synchronizing the tapes to test differences 

in learning between Swedish pupils at different ages. Four 

groups, aged 8, 9, 10 and 11 were compared after eighteen 

week of two ten-minute sessions a week of English in terms 

of ratings of pronunciation, which involved imitating taped 

speech samples, and comprehension, which required pupils to 

translate taped speech samples. The results were an 

increase in scores that was roughly linear with age 
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increase. Again this study seems to be primarily concerned 

with context-reduced academic skills (both in method and in 

testing). 

These studies of acquisition rates in formal, 

cognitively demanding contexts do not challenge the critical 

period if the criterion of natural acquisition is invoked. 

The designers of these studies are concerned with 

understanding child-adult differences in second language 

learning in the classroom where it most commonly takes 

place. In immersion programs, natural acquisition is 

presumed to be encouraged by necessitating communicative 

interaction. 

Swain (1981) compared late immersion programs with 

early immersion programs. The late group, in grade ten at 

the time of the study, had less than half as much exposure 

to French as the early immersion group, which was in grade 

eight, yet the older group scored as highly as the early 

immer~ion group on a cloze test of French and even higher on 

a test of reading comprehension. The younger group, 

however, scored better on.a listening comprehension test 

that utilized recorded ~amples of speech from natural 

contexts including the radio. Again the less context

reduced, more naturally communicative tasks appear to be 

acquired more easily than academic tasks by younger 

children. 

That cognitive maturity is a factor in the performance 
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of context-reduced tasks is further supported by Tremaine's 

(1975) research in the comprehension of syntactic contrasts 

in English and French. The subjects in this study were 

early French immersion pupils and other students studying 

French in Ottawa. In tests of comprehension of speech and 

ability to name pictured items, pupils in grades 1 through 3 

who were assessed to have reached the stage of concrete 

operations as hypothesized by Piaget were superior to 

students who had not yet reached this level of cognitive 

development. In this comparison the effects of grade and 

curriculum we~e controlled so that the effects of cognitive 

maturity could be assessed. 

Natural settings, where the learners lived in the 

speech community of the target language, would be the most 

relevant arena in which to test the critical period 

hypothesis. Ervin-Tripp (1974) assessed the rate of 

acquisition of French by 31 children from ages four to nine 

whose native language was English. These children had been 

exposed to French in Switzerland in both natural settings 

and school for a maximum of nine months. All of the tasks-

translation, imitation and acting out sentences with the aid 

of toy animals and dolls--in this experiment were designed 

to measure aural comprehension of spoken French. 

Performance in all measures improved greatly with age. The 

sentences in the acting out task ranged widely in 

syntactical complexity and length and included structures 
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that the younger children did not control in English. 

Overall, the tasks were highly decontextualized and often 

semantically bizarre, so the younger children were often 

unable to grasp the cognitive subtlety required by the task. 

There was no measure of interpersonal skills or of 

phonology. 

Snow and Hoefnagel-Hole (1978) studied longitudinally 

the acquisition of Dutch by English speakers of different 

ages in naturalist circumstances. Two groups were included 

in the study. One group, the beginners, had just begun 

learning Dutch and the other, the advanced, had lived at 

least 18 months in Holland at the beginning of the 

experiment. This study was designed to assess a wider range 

of ages and also a wider range of language abilities than 

had been found in previous studies concerned with the 

critical period hypothesis. Tests included pronunciation, 

auditory discrimination, morphology, sentence repetition, 

sentence translation, sentence judgment, Peabody Picture 

Vocabulary Test, story comprehension and storytelling. The 

findings of this study are that the 3 to 5-year-olds scored 

consistently below the older groups on all measures, and the 

12 to 15-year-olds demonstrated the fastest rate of 

acquisition in all skills tested. Although the tasks were 

context-reduced and cognitively demanding compared to 

natural interpersonal discourse, the authors selected the 

test content to be appropriate for the youngest subjects and 
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therefore argue against the claim that the types of test 

favor the more cognitively mature subjects. However, in 

testing native Dutch speakers to establish base line, the 

group of older students (12-15) performed better than the 

younger group (6-7) in vocabulary and morphology tasks (Snow 

& Hoefnagel-Hohle, (1978: 119-1121). Obviously, some of the 

content of the measures were not completely appropriate for 

subjects at the youngest age even among native speakers and 

therefore the test favors the academic skills of the 

cognitively mature. 

In comparing the amount of acquisition for the age 

groups 6-7 and 1Z-15 with the native speakers scores for the 

same age groups, the results indicate that the older 

students come closer to native performance at the initial 

testing (within six months after drrival in Holland) than 

the younger group and that the younger group continues to 

fall further behind their norm group while the older 

students approached the norm in their scores. These 

findings lend support to Cummins interdependence hypothesis, 

if it is inferred that the younger students lacked adequate 

support in English. The authors report that increa~ed 

fluency ih Dutch was associated with some loss of control of 

English only among the youngest group (3-5). 

Ekstrand's (1976) study of over 2,000 students between 

the ages of eight and eighteen who had recently immigrated 

to Sweden (average length of residence was 10.5 months) 



109 

supports the contention that the advantage of older learners 

applies only to cognitively demanding academic language 

proficiencies. Age and scores in tests of free writing, 

reading comprehension, listening comprehension pronunciation 

and oral dictation were positively correlated. In contrast, 

measures of free oral production were not correlated with 

age but showed the strongest correlation among all the 

measures with the length of time spent in Sweden. 

That the more natural communicative task is correlated 

with length of residence suggests that communicative skills 

are not necessarily developed coevally with cognitive 

maturity as Cummins suggests (1979). It is not simply that 

interpersonal communicative skills are cognitively less 

demanding than the academic type language skills; it is 

rather that the developing child is focused more exclusively 

on the first before the onset of the latter. 

Another Scandinavian study supports Cummins' 

interdependence hypothesis rather closely. Skutnabb-Kangas 

and Toukomaa (1976) studied Finnish migrant workers' 

children who were born in Sweden or who moved to Sweden 

before early puberty. In standardized tests of written 

language achievement, these children performed worse in both 

Swedish and Finnish than students who began Swedish as a 

second language latter. The scores were also found to be 

below the unilingual norms in both languages for equivalent 

non-verbal IQ levels. The test results conflicted with the 
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perception of the children's Swedish school teachers who 

evaluated the younger students' verbal skill as fluent. 

Cummins interdependence hypothesis predicts that lack of 

support in the native language at an early age in bilingual 

programs wilT result in cognitive-linguistic deficits in 

both languages. 

Fathman (1975a) studied 200 immigrant children from 

various first language backgrounds employing a structured 

oral interview test using pictures to eli~t responses which 

were judged for control of morphology, syntax and 

pronunciation. Also a "SLOPE" test similar to the 

morphology test of Snow and Hoefnagel-Hohle (1978) was 

administered. With length of residence held constant, 

children in the age group 11-15 performed better on the 

morphology test than those in the 6-10 year-old group 

(similar to the results of Snow and Hoefnagel-Hohle). The 

picture description task was assessed by two linguists who 

found, based on global ratings for pronunciation, grammar 

and fluency, that the younger children's pronunciation was 

superior to the older children. 

Ramirez and Polizter (1978) found a similar advantage 

for adolescents in rate of acquisition. American children 

and adolescents whose native language was primarily Spanish 

were compared on the basis of similar lengths of exposure to 

English. In a comprehension and production task, the 

adolescents were found to have made more rapid progress than 
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the children in kindergarten and first grade. The 

comprehension task required the students to point to the 

correct picture after listening twice to a verbal stimulus. 

The production task involved repeating a sentence that 

matched a stimulus picture. Since neither task involved 

communication skills, only half of Cummins' proposition that 

older learners have an advantage only in context-reduced, 

academic language proficiencies is being tested. Ramierez 

and Polizter believe that the advantage of the older group 

is due to cognitive maturity involving such factors as 

memory capacity and semantic organization (Ramierez and 

Polizter, 1978, p. 331). The authors observe that the 

adolescents' advantage levels off with increased exposure 

time. This is consistent with the findings of Walberg et 

al. (1978). 

A rate-of-acquisition study by Walberg et al. (1978) 

supports the contention that children arriving in a second 

language environment later require more language learning in 

absolute terms to reach the same level of proficiency, 

relative to their grade norms, than those who arrive at 

younger age. From a pool of 350 Japanese students from six 

to eighteen years those up to the high school level were 

rated by their teachers in reference to their grade norm in 

English reading and writing. Each age of arrival group 

received similar ratings. Also,in reading, writing and 

speaking, the students' self' r?tings in terms of fluency and 
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ease with the language were similar across age groups. The 

self ratings are more difficult than the teacher ratings to 

interpret in absolute terms since ~here is the tendency to 

report diminishing gains with length of exposure. Thus 
I 

Walberg et ale found that the progress in terms of self 

rating of the first two months were comparable with the next 

five months which in turn were comparable to the gains of 

the next year, and those to the next two years, and those 

finally to the next eight years (p. 436). 

Cummins (1981) reanalyzed the results of a study of 

over 1000 immigrant children by Ramsey and Wright (1974) 

which had concluded that an earlier age of arrival in Canada 

resulted in superior English achievement. The children were 

in the fifth, seventh and ninth grades. The measures aimed 

at assessing general competence using a picture vocabulary 

test and a six-part battery of taped and written prompts 

designed to test control of syntax and morphology. Cummins 

controlled for length of residence and concluded that the 

children arriving at an older age had significantly higher 

scores in absolute terms than those. who had arrived at an 

earlier age. The effect of age of. arrival diminished with 

length of residence and had a negligible relationship with 

the amount of time--around five years--it took students to 

reach the performance norms of the native speakers at their 

respective grades. The study was aimed at assessing 

children who were acquiring language in a natural setting 
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yet the tests probe context-reduced academic skills rather 

than interactive communicative skills. 

Cummins et al. (1984) explore the issue further in a 

study of Japanese and Vietnamese immigrants in Toronto. In 

measures of academic language proficiency in English, 

students arriving at a more advanced age were shown to have 

an advantage. There were about 130 subjects involved in the 

study. The Japanese were in the second, third, fifth and 

sixth grades while the Vietnamese were from nine to 

seventeen years old. English proficiency scores were 

positively correlated with scores on tests of academic 

proficiency of Vietnamese and Japanese. These results 

support Cummins' interdependence hypothesis in that a degree 

of cognitive maturity in the native language is a 

prerequisite to transferring cognitive skills to a second 

language. Control of syntax as reflected in assessments of 

oral conversation was more strongly related to length of 

residence that to age of arrival or scores in native 

language proficiency. Here communicative skills which are 

to some degree independent of the cognitive/academic skills 

might be involved. 

Acquisition of Sign Language 

Studies of sign language acquisition by deaf children 

can be designed as deprivation studies, since there is a 

large number of hearing impaired children who, being born to 
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normal parents who did not sign, were not exposed to a 

language they could process until they entered special 

schools. Age of. first exposure can be related to the degree 

of native proficiency as determined by control of 

morphology. Newport (1981) studied children who had been 

exposed to American Sign Language at birth, between the ages 

of 4-6 and after the age of 12. She found that the complex 

morphemes involving verbs of motion which are indicated by 

hand shape were not used competently by late learners. 

Children in the youngest group acquire native competence 

even if their parents are not native signers. This can be 

interpreted as evidence of a critical period. Exposure 

within the critical period would provide the critical 

stimulus that would allow eventual attainment of native 

competence. Limited input does not prevent the full 

elaboration of morphology if it occurs during the critical 

period. Newport compares this finding to the development of 

creoles from pidgin languages as the pidgin is elaborated by 

generations who come to use it as a native language. 

There is no ·clear empirical evidence that the 

elaboration of .p.idgin into a more complex and natural creole 

is the result of the operation of innate language principles 

in the minds of the very young learners. In any case, the 

restructuring of the impoverished input observed in deaf 

children exposed to the frozen morphology of late learning 

parents is more elaborate than is the case with creoles. 



115 

Sociolinguistic factors can adequately explain the expansion 

of pidgins into creoles. The same factors are not well 

understood in sign language where the regularities of 

language shift and the direction of evolution are still 

under scrutiny. This is not to suggest that sign language 

is less dynamic than other natural languages; it has simply 

not been studied as extensively by sociolinguists. 

Summary 

Generally, studies of ultimate achievement show an 

advantage for children who begin learning a second language 

at an early age, whereas studies of rate of acquisition 

demonstrate an initial superiority for adolescents and 

adults over children. The question of how the process of 

second language acquisition might be different in children 

and adults is often viewed as the degree to which the 

acquisition of different linguistic skills follow the order 

and proficiency level observed in first language acquisition 

(the natural order hypothesis of Bailey & Krashen,1974). 

Research that would support the critical period hypothesis 

is, for the most part, not concerned with what Cummins 

(1979) would call cognitive/academic language proficiency 

but rather with a native or near-native level of achievement 

in natural settings. The adult advantage in acquiring 

context-reduced or academic skills in the second language 

does not necessarily constitute evidence against the 
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critical period hypothesis. There is evidence that adults 

enjoy no initial advantage in the acquisition of 

interpersonal communicative skills in the second language 

(Cummins et al., 1984; Ekstrand, 1976; Burstal et al., 1974; 

Fathman, 1975a). 

Cognitive Explanations for The Critical Period Hypothesis 

A number of investigators (Krashen, 1975; Rosansky, 

1975; Felix, 1981) have proposed cognitive explanations for 

a critical period in second language learning based on 

Piaget. Since Piaget's theories have largely been 

disproved, these explanations are no longer invoked. 

At the stage of formal operations, which Inhelder and 

Piaget (1958) proposed to be around puberty, a concern with 

metalinguistic understanding or conscious understanding of 

the abstract rules of language has been hypothesized to be 

the very factor that interferes with the natural acquisition 

of language. Also, Krashen's concept of the "affective 

filter" has been invoked as an indirect contributing cause 

for the close of the critical period. Rosansky believes 

that a strong version of the critical period hypothesis can 

be supported entirely on cognitive bases. She asserts that 

formal operations is a period when the learner is no longer 

concerned with learning linguistic forms for the sake of 

extending language proficiency but rather with language as 

means for representation of abstract thought. In Rosansky's 
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model, new language input for the learner in this stage of 

development is seen as a problem to be solved with 

hypothetico-deductive logic. 

The problem with cognitive arguments for the critical 

period hypothesis is that they assume that the empirical 

evidence is consistent with the younger is better view of 

language acquisition. If cognitive strategies used by 

younger learners in acquiring language are not in fact more 

efficient, easier and more natural than those used by 

adults, but rather are limited, they are not relevant to an 

explanation of a critical period. 

Arguments for a critical period based on child-adult 

differences in the order of acquisition of morphemes or on 

development of a "monitor" in the stage of formal operations 

or other difference in learning strategies usually are taken 

to indicate how sophisticated cognition can interfere with 

the natural acquisition process. There is no account of why 

adults cannot adopt more natural strategies or of why the 

initial superiority of adult learning strategies could not 

continue to operate successfully at later stages of 

acquisition. Cognitive explanations of the critical period 

lack the mechanism that make the exposure critical. These 

are biases and styles rather than constraints. For example, 

Felix (1981) distinguishes between language specific 

cognitive structures and problem solving cognitive 

structures. Child-adult differences are based on adults 
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inappropriately applying problem solving cognitive 

structures to language input. The more these structures 

replace the language specific structures, the less likely 

native-like ability will be achieved. Felix does not explain 

why this should be the case. It is not suggested that the 

interference of the problem solving structures actually bar 

access to the language specific structures. Loss of 

sensitivity to linguistic input or lack of access to 

language-specific innate cognitive structures would seem to 

be a minimum component of a critical period theory. 

Cognitive differences between children and adults are 

more often invoked to argue against the existence of a 

critical period. Mclaughlin (1978, 1981) asserts that it is 

impossible to distinguish between what is "acquired" 

unconsciously and what is learned as conscious rules. The 

continuum between controlled and automatic sk-ills describes 

a process that applies to learning complex skills at any 

age. Slobin (1971), among others, has proposed that 

children process linguistic input by applying universal 

operating principles. Child-adult differences arise from the 

tendency for adults to replace these principles with 

procedures that are variable depending on the use of formal 

rules, repairs and strategies of communication. Again, 

there does not seem to be any "constraint" involved in this 

model that underlies a difference in processing within and 

outside of the critical period. 
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In an experiment specifically designed to test the 

critical period implications of children's cognitive 

strategies, MacWhinney (1983) examined four of the operating 

principles developed by Slobin (1973) and MacWhinney (1978). 

Children and adults learned rules for locative affixes in a 

miniature artificial language. The affixes were either 

suffixes or a discontinuous prefix-noun base-suffix 

compound. Also, the form of one noun appeared to already 

contain one of the affixes while another contradicted an 

earlier learned function. This construction of the 

artificial language allowed four' principles to be tested: 

(1) Avoid the interruption of linguistic units, (2) pay 

attention to the ends of word, (3) check affixes, and (4) 

avoid exceptions. 

After a training session, the children and adults were 

tested on the ability to demonstrate the rules by placing 

the objects in the location consistent with the form given 

by the experimenter. The errors on the different forms were 

contrasted, and errors on the prefix were contrasted with 

errors on the suffix·in the case of the discontinuous 

morpheme. Children .showed evidence of consistently using 

all four operating principles tested in this manner, whereas 

adults showed the opposite, a tendency not to apply the 

principles. 

Merriman and Bowman (1989) conducted a series of 

experiments to test age differences in the application of 
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the "mutual exclusivity bias," a cognitive strategy that 

avoids overlapping of semantic boundaries of different words 

through disambiguation, correction, restriction and 

rejection. Their studies are designed to detect the effects 

of these different manifestations of mutual exclusivity. In 

testing disambiguation, the child is exposed to a new term 

in the presence of known object and an unknown object. In 

disambiguating, the child should interpret the new term as 

referring to the new item rather than as a second label for 

the known item. If the child is less sure of the label, 

correction could be manifested by rejecting the old label 

and accepting the new one. Alternatively, the child could 

reject the new term altogether. Mutual exclusivity also 

requires restriction, or avoiding generalizing terms to 

items that have been previously labeled. To test correction 

and rejection, Merriman and Bowman presented children with 

novel names for six pictures of objects. There were two 

pictures each of typical examples from the same basic 

category, for example two trucks and two cars. One picture 

was a hybrid, combining features of both (e.g., part car, 

part truck), and one picture was of an unrelated item. Half 

of the children were first told that an invented name 

applied to the hybrid, whereas the other half were told that 

it applied to one of the typical objects. The remaining 

pictures were presented, and the children were asked which 

of them were typical items fe.g., which were trucks and 
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which were cars). Preschool-aged children who had heard the 

new term applied to the hybrid were less likely to include 

it under either of the typical terms (e.g., call it a car or 

'a truck). The children who were told that the new term 

applied to a typical item were just as likely to include the 

hybrid under a typical term (e.g., call it either a car or a 

truck). The operation of restriction was assessed by 

observing the degree to which the children named different 

items under the same term. 

Children as young as 2 years were included in some of 

Merriman and Bowman's experiments, and they failed to 

demonstrate any of the effects predicted by the mutual 

exclusivity hypothesis. The experimenters conclude that the 

onset of the bias is around 2.5 years of age. However, 

Woodward and Markman (1991) criticize the difficulty of the 

tasks for the two-year-olds and the fact that they were not 

included in all the experiments. They argue that the 

question of the onset of the bias remains unsettled. 

MacWhinney (1989) believes that the age of onset for the 

bias adds weight to his interpretation of constraints as 

helpf~l strategies that are learned rather than being 

innately programmed. Woodward and Markman, on the other 

hand, believe that the evidence favors viewing constraints 

as innate. Such constraints may operate hierarchically. 

Thus mutual exclusivity could override a taxonomic bias or a 

bias for assuming a new term refers to the whole object. In 



this view, mutual exclusivity has features of a critical 

period effect since Merriman and Bowman's results show it 

grows strong during the preschool years and decreases in 

older children. 
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MacWhinney and Merriman and Bowman were not concerned 

with constraints as innate knowledge, but rather with 

strategies and levels of cognitive development that are 

prerequisites for more sophisticated cognition. They both 

suggest, however, that the heuristics for acquiring language

are more or less accessible at different periods of 

development. 

Clark (1987) proposes the Principle of Contrast as a 

strong cognitive constraint on the acquisition of language. 

"The Principle of Contrast states that any difference in 

form in a language marks a difference in meaning" (p. 2). 

Young bilinguals reject words that mean the same thing 

across languages which results in a mixed lexicon where all 

terms contrast (Volterra and Taeschner, 1978). Obviously, 

this age-related constraint cannot be construed to provide 

any advantage to second language acquisition because it must 

first be overcome before the child separates the two. 

languages phonetically and semantically. Cognitive studies 

in general are difficult to interpret in the framework of a 

biological critical period hypothesis because cognitive 

maturity is generally seen as an asset in second language 

acquisition and some kind of interference or distraction 



must be proposed to compensate for this in giving younger 

learners an immediate or long term advantage. 

Conclusion 
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The biological notion of critical period that achieved 

the status of an explanatory paradigm with the ethological 

studies of "imprinting" in birds and other animals does not 

seem to fit human language acquisition in any important way. 

Biological studies have refined the concept in studying the 

complex interrelationships of neurophysiological systems, 

multimodal environmental patterns of stimulation and 

maturational change and have modified the strong version of . 

critical periods for complex behaviors popularized by 

Lorenz. The modified view not only seeks to isolate 

critical stimuli and critical systems at a more basic 

perceptual and motor level, but it also views critical or 

sensitive periods as less rigid, where recovery and 

compensation are commonly observed in varying degrees (see 

Colombo, 1982: p. 82). 

The critical period hypothesis was originally proposed 

as a model of biological imprinting in humans and implied 

irreversibility of learning within the period and inability 

to acquire outside the period. However, the strong version 

was generally confined to learning a primary language, since 

it could not be reasonably maintained that adults did not 

continue to learn their primary language nor that adults 
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were unable to learn a second language. The extension of 

the critical period hypothesis to second language 

acquisition by Penfield and Roberts (1959) and Lenneberg 

(1967) was largely conjectural. Relearning first language 

skills lost due to neurological insult may involve 

completely different processes than those involved for 

normal children or adults learning a second language. 

Lateralization of language functions cannot be 

maintained as an explanation for a critical- period in 

language acquisition because it is complete long before the 

close of any proposed critical period. Witelson (1987) has 

proposed that hemispheric specialization is fixed at birth 

and does change during development. Loss of plasticity in 

terms of progressive specialization of the cortex likewise 

cannot be empirically supported as a cause of a critical 

period for language learning. Rather, there is no evidence 

to contradict the assumption that loss of plasticity is very 

gradual in human beings, extending well beyond the proposed 

close of the critical period for langauge. 

The term "sensitive period" has generally replaced 

critical period in biological studi.es in an effort to 

accommodate the evidence against rigid timing and 

irreversibility of effects. A sensitive period is proposed 

for specific skills during which time learning is easier, 

more natural and perhaps more complete and permanent than 

learning outside the period, which is possible but more 



difficult and, in some models, qualitatively different. 

Sensitive periods applied to language acquisition suggest 

the search for many distinct periods of sensitivity in 

development involving different critical systems and 

patterns of stimulation. 
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The empirical evidence in the majority of studies 

supports skepticism of the critical period hypothesis in 

that older learners consistently perform better than younger 

learners, at least in the initial stages of second language 

acquisition. This is true even in cases where the younger 

learners have more total exposure to second language than 

the older learners (Genesee, 1981). It also holds for both 

formal and informal settings (Genesee, 1981, Snow and 

Hoefnagel-Hole, 1977). Advocates of the critical period 

hypothesis have generally abandoned the view that learning 

within the critical period will be easier than learning 

outside of it. Instead, the hypothesis is formulated to 

favor younger learners over adults in ultimate achievement 

which is evaluated in terms of native-like proficiency. 

Studies that find initial gains of older learners superior 

to that of children within the traditional critical period 

(2-12 years of age) do not address· the issue of ultimate 

achievement. 

The critical period for acquisition of species-specific 

bird song might fit the strong version of the critical 

period hypothesis if birds were generally incapable of 
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learning new songs. But in fact the critical period for the 

acquisition of bird song is much less rigid than once 

thought and involves complex social interaction, not just 

exposlJre to an invariant acoustical pattern. Studies that 

observe time-independent learning of second dialects and 

songs by birds thought to be limited to one song acquired in 

a brief critical period do not fit a maturational states 

hypothesis (Neapolitan, Pepperberg, and Schenke-Llano, 

1988). 

As Lamendella (1977) asserts "what is claimed by a 

(reasonable) critical period hypothesis is that the actual 

formation and elaboration of the neural components of speech 

and language systems depend on their becoming operational 

(and mature up to some point) during some span of time 

relative to certain other maturational phenomenon (p. 173)." 

The question of a critical period for second language 

acquisition, in this formulation, is distinct from that of a 

critical period for first language acquisition. No evidence 

of any neurological decline exists to correlate with the 

proposed loss of an ability to acquire language until late 

adulthood. Johnson and Newport's (1989) ide~ of a 

maturational state critical period entails a decline in 

language learning abilities regardless of early experience 

in acquiring a first language. This view of a critical 

period for language acquisition that includes second 

language acquisition can only be supported by evidence of 
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long term achievement that is superior or more native-like 

for learners who begin second language acquisition well 

within the critical period compared to those who begin after 

the terminus of the critical period. 

Genesee (1988) criticizes ultimate achievement studies 

on methodological grounds. First, all the studies are 

limited in terms of which aspects of language are studied. 

The claims of the critical period hypothesis are not 

supported by merely showing higher levels of achievement by 

younger learners nor by showing that a greater number of 

prepubertal learners attained" native-like proficiency than 

did the late learners. What "is central to the hypothesis, 

in Genesee's view, is determining to what extent the younger 

learners fail to achieve native-like proficiency or to 

account for the incidence of adult learners who do achieve 

native proficiency. A high incidence of exceptions to the 

critical period is evidence against a biological 

explanation. In Johnson and Newport's (1989) study, one 

late learning subject out of 23 achieved a score close to 

the mean of the native control group. This is consonant 

with the 5 to 7 percent of adult second language learners 

who achieve native proficiency in studies of ultimate 

achievement reviewed by Genesee (1988) and Schneiderman and 

Desmarais (1988). 

Neufeld and Schneiderman (1980) found a1ults able to 

achieve ratings as "native speakers in 18 hours of intensive 
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training in Japanese, Chinese and Eskimo phonology. 

Acknowledging a wide range of individual variation, the 

investigators maintain that a high rate of exceptions to 

critical period predictions disprove the theory. On this 

basis, they rule out simple loss of perceptual-motor 

abilities in discriminating and reproducing non-English 

language sounds as the source of a critical period effects. 

Genesee (1988) points out that there is no theoretical 

construal of the critical period hypothesis from which an 

acceptable percentage of fully proficient late bilinguals 

can be deduced. The critical periodhypothes;s for second 

language learning fails to specify critical systems and 

critical stimuli in addition to being vague about the 

maturational windows of critical sensitivity. 

Rival hypotheses can more parsimoniously account for 

the low incidence of native-like ability in late bilinguals. 

Krashen (1982) and Neufeld (1979) among others have proposed 

a variety of cognitive, affective and social factors to 

account for low rates ~f full bilingualism among late 

learners. Future research.and theory building perhaps 

should take account of so~ieties where different functions 

and patterns of use exist for multilingualism. Hill (1970) 

suggests that there may be cultural factors that are 

responsible for the persistence of adult learner's foreign 

accents. She calls attention to the existence of many 

societies in which learning new languages in adulthood as 



129 

well as childhood is commonplace. A most interesting 

example are the Indians of the Vaupes river drainage in 

Brazil and Columbia. The approximately 24 languages used in 

this area fall into at least four distinct language 

families. Each tribal group speaking a common language is 

exogamous and each person must marry someone from another 

tribal group who speaks a different language. Children 

learn the patrilocal father tongue, their mother:s native 

language and Tukano, the lingua franca (if it is not already 

one of their parents' native languages), which is learned 

from visitors. Acquiring new languages and perfecting 

knowledge. of all the languages known continues throughout 

adulthood in this society, and second language proficiency 

is highly regarded and strictly judged by all involved. 

Hill suggests that a study of this society and others where 

bilingualism is highly regarded and multifunctional might 

call into question assumptions about foreign accents. 

Studying such societies as well as more familiar ones where 

many language groups are in contact (e.g., India, East Asia, 

Europe) might question the inevitability of adult learners' 

foreign accents. 

Until hypotheses involving biological factors which 

adequately explain critical period effects are proposed, the 

critical period hypothesis remains an unproven model of how 

language is acquired in early childhood. The facts about 

second language acquisition that require explanation include 
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those that do not accord at all with the hypothesis, 

especially those derived from data that show adults, in a 

number of w~ys to have an advantage over children. Future 

research should be concerned with the relative contribution 

of all the different factors that contribute to child-adult 

differences as well as to individual differences in second 

language acquisition including cognitive, affective and 

social variables. 
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CHAPTER 3 

METHOD 

Purpose of the Study 

The purpose of this study was to test the hypothesis 

that children and adults forget materials in an unfamiliar 

language at different rates when both groups have learned 

the materials to an equal degree of completeness. This 

general hypothesis is tested with different materials 

(syntax and words), and different types of error are used as 

dependent measures (all types of errors combined and errors 

on particular types of words and morphemes). When both 

groups learn the materials in an unfamiliar language to an 

equal degree of completeness, these variables bear on a 

number of specific hypothesis: 

1. Children and adults forget syntactical rules at 

different rates. In particular, they forget rules for 

marking the subject and object function at different rates. 

2. Children and adults forget rules that designate 

subject and object function at different rates when ih~ 

subject and object are both animate nouns. 

3. Children and adults forget rules that combine two 

semantic morphemes at different rates. 

4. Children and adults forget a rule requiring a purely 

phonetic morpheme at different rates. 
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5. Children and adults forget words at different rates. 

In particular, they forget conceptually unfamiliar nouns at 

different rates. 

6. Children and adults forget English equivalents for 

words in an unfamiliar language at different rates. 

7. Children and adults forget rules of syntax and words 

at relatively different rates. 

These different hypotheses are proposed to capture 

variation in the difficulty of acquisition between adults 

and children. The hypotheses are based on empirical 

research in child-adult" differences in language acquisition. 

The rationale for hypothesis 1 is based on evidence 

that adults rely more on word order to interpret and produce 

sentences, whereas children rely more on semantic cues 

(Bates et al., 1984; Hakuta, 1982; Nagata, 1984). 

Hypothesis 2 is based on evidence that animate nouns are 

used by children as cues to syntactic function which can 

lead to misinterpretation of passive and OSV sentences 

(Hakuta, 1982). Hypothesis 3 is based on evidence that 

children learn simple rules before compounds combining 

simple rules (Slobin, 1978). Hypothesis 4 is based on 

evidence that forms with a transparent semantic function 

will be acquired before forms that are purely formal 

(Slobin, 1983). The rationale for hypothesis 5 is based on 

evidence that children resist acquiring synonymous forms and 

may have particulary sensitive memory for new form-concept 
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mappings in the early stages of language acquisition (Carey, 

1978; Heibeck & Markman, 1987; Volterra & Taeschner, 1978). 

The rationale for hypothesis 6 is based on evidence that 

second language learners recall the English equivalents of a 

second language word or phrase more readily than they recall 

the second language target when English is the cue (Bahrick, 

1984). These results suggest that English recall will 

result in higher recall rates that could demonstrate child

adult differences. not captured in the Japanese recall test. 

The rationale for hypothesis 7 rests on the evidence 

that children acquire words rapidly and with persistent 

retention in the early stages of language acquisition 

(Carey, 1978; Heibeck & Markman, 1987; Miller & Gildea, 

1987). On the other hand, there is evidence that children 

learn syntax by applying strategies that are unavailable to 

adults or by conforming to constraints that change with 

maturation (Clark, 1987; MacWhinney, 1983, Merriman & 

Bowman, 1989; Johnson & Newport, 1989; Slobin, 1983). The 

hypotheses reflect the ambiguity in the literature 

concerning which aspects of language a child within the 

critical period is sensitive to. In psycholinguistics, the 

theoretical controversy centers on whether an independent 

cognitive module for language acquisition is a purely 

syntactic device, a semantic device, or a device operating 

on language more globally. 
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SUbiects 

Twenty third grade school children ranging in age from 

7-7 to 8-4 (mean 7-11) were randomly selected from several 

after-school programs in the Tucson area. The children were 

all from middle income families and were reported by their 

parents to be average or above average in school work. All 

children were monolingual English speakers although several 

had studied some Spanish in school. Twenty adults ranging 

in age from 18 to 45 (mean = 33) were recruited from 

students and faculty at Pima Community College and the 

University of Arizona. All adults had at least two years of 

college education and identified themselves as prJmarilY 

middle income. An equal number of male and female subjects 

were selected in both groups. The selection criteria for 

both groups included no familiarity with the Japanese 

language, and no learning, memorY, or neurological 

disorders. All subjects participated in two experiments, 

which were conducted during separate sessions, one using 

Japanese words and one using short sentences in Japanese. 

The order of participation was counterbalanced by random 

assignment of an equal number of subjects to participate in 

the sentence or word study first. 
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Materials 

Syntax Study 

All materials were made from heavy posterboard on which 

photographs and Japanese words were laminated. There were 

two sets of materials; one contained the elements to form 

sentences using postposed particles to signal the subject 

and object, and one contained the elements to form sentences 

relying on word order to designate subject and object. In 

each set, four photographs of common nouns were labeled in 

large Roman letters with the Japanese word that referred to 

them. In addition to the photographs, each set contained 

laminated cards with the verb root, morphemes and particles 

necessary to form the target sentences written in large 

roman letters. The photograph cards and the morpheme cards 

were used in combination to form the sentences of the syntax 

study. In Table 1, the plus signs separate elements 

corresponding to an individual card. 

Lexical study 

Two ma~erials sets were used. Each set consisted of 

eight photographs, four of familiar and four of unfamiliar 

objects mounted and laminated on 6 X 10 inch poster board. 

The pictures were labeled in large Roman letters with the 

Japanese word that referred to the picture. The unfamiliar 

words were all names for items that are common in Japanese 



English Cue 
Verbal 

(set 1) 

Table 1 
Syntax Study: 

English Stimulus Cues and 
Correct Japanese Responses 

Correct Japanese Response 
Subject arranges cards 

The child touches the flower. Kodomo+hana+sawa+ru 
child+flower+touch+! 

The cat doesn't touch the child. Neko+kodomo+sawa+ra+nai 
cat+child+touch+E+not 

The child can touch the charm. 

the cat can't touch the child. 

(set 2) 

Kodomo+ema+sawa+re+ru 
child+charm+touch+E+I 

Neko+kodomo+sawa+re+nai 
cat+child+touch+Q+not 
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The baby sees the car. Akanboo+ga+kuruma+o+mi+ru 
baby+Sub+car +Obj+see+I 

The baby doesn't see the bird. 

The bird can see the baby. 

The bird cannot see the doll. 

Tori +ga+akanboo+o+mi +nai 
bird+Sub+baby +Obi+see+not 

Akanboo+o+tori+ga+mi+e+ru 
baby+Obj+bird+Sub+see+Q+~ 

Daruma+o+tori+ga+mi+e+nai 
doll+Obj+bird+Sub+see+Q+not 

Note. ~ is indicative morpheme, E phonetic morpheme, Q 
causative morpheme, Sub subject particle, and Obj object 
particle. 
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Table 2 

Lexical Study: 

Photographs and Japanese Labels 

Set 1 Set 2 

Photo Japanese Word Photo Japanese Word 

(Familiar) 
spoon saji hand te 
flower hana car kuruma 
cat neko baby akanboo 
child kodomo bird tori 

(unfamiliar) 
amulet ema footwear geta 
paper door shoji instrument shamisen 
shop curtain noren figure daruma 
kimono sash obi display tokonoma 
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daily life but have no counterpart in American culture. 

Procedure 

All subjects were pretested to ensure that they had no 

knowledge of any of the Japanese words used in the study. 

The adults and children were randomly assigned to two groups 

of 10 subjects each for the two materials sets. Half of the 

subjects in each group received the syntax study first and 

half received the lexical study first. The second study was 

conducted several days to two weeks after the retention 

trials of the first study. The interpolated activity in 

both the syntax study and the lexical study consisted of 

drawing and discussing the origin of simple Chinese 

ideographs. 

Syntax Study 

In the syntax study 10 children and 10 adults each were 

randomly assigned to either the set with subject and object 

particle or the set without them. 

a wide table facing the subject. 

The experimenter sat at 

All of the noun and 

morpheme car.ds were arranged randomlyo.n the table in front 

of the subject, oriented so that the subject could read 

them. The experimenter told the subject that the cards 

could be arranged to form Japanese sentences that read left 

to right. The experimenter explained to the subject that 

the object of the study was to see how many trials it took 



to learn to arrange the cards correctly to form four 

sentences. The subject was told that the goal was to 

complete four trials with no errors. 
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The experimenter then selected the appropriate cards 

and arranged them nearer to the subject than the remaining 

cards to form the first sentence in the set. The English 

cue was read and the Japanese sentence was read immediately 

following. For example, in the particle set the subject was 

told, "This is how you say 'The baby sees the car'--'kodomo 

ga kuruma 0 miru.'" The experimenter would point to the 

cards as he read the Japanese. 

In the word order set,. it was explained that all the 

elements had to be in the right order to form a correct 

sentence. The subject was told that the verb root meant 

"touch" but required one or more of the other elements to be 

complete, depending on the sentence. For the first sentence 

the subject was told that the "ru" element added to the verb 

stem gave it the meaning of "touches". 

In the particle set, the subject was told that the one 

who sees must be followed by the element "~", and the thing 

that is seen must be followed by the element "Q". Further, 

it was explained that it did not matter which noun came 

first in Japanese as long as the ".as" followed the one who 

sees and the "Q" followed the thing that is seen. The noun 

cards with their appropriate particles were then reversed 

and the subject was told that the new sentence meant the 
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same thing as the previous sentence. For the first 

sentence, the experimenter would say, nCAkanboo ga kuruma 0 

miru, Kuruma 0 akanboo ga miru'--both mean Cthe baby sees 

the car'." While explaining, the experimenter would 

rearrange the cards to match the sentence being modeled. 

The verb and morpheme relationship were explained in the 

same manner as described above for the word order set. 

After demonstrating how to arrange each of the four 

sentences in the respective set to subject, the experimenter 

began the acquisition trials. The cards were shuffled into 

a random arrangement and the English sentence was read by 

the experimenter. In the word order set, the subject would 

choose the labeled nouns and additional elements from the 

entire exposed set of cards and attempt to arrange them in 

the correct order. In the particle set, it was explained to 

the subject that the appropriate nouns would be placed in a 

fixed order and that the appropriate elements should be 

placed according to the meaning of the English sentence. The 

subjects were required to select the morphemes and particles 

from the entire set in both the particle and the word order 

sets. The two nouns in e~c~ sentence were presented in a 

fixed order in the particle set, but the subject selected 

the correct nouns from the entire set for the word order 

task. However, the subjects did not have to memorize the 

nouns at all since the photographs identified them. At each 

succeeding trial of the four stimulus sentence and 
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responses, the order of subject and object noun was 

reversed. That is, the order of subject and object were 

varied within each trial across sentences, and the origninal 

order was reversed for each sentence in subsequent trials. 

After each trial of four sentences, the correct 

responses were reviewed. The subject was not given feedback 

on individuai sentences but was told either that all 

responses were correct or that there were some errors. The 

review was followed by and interpolated activity after which 

a new trial followed. This procedure continued until the 

subject arranged all the cards for each of the four 

sentenc"es correctly on four consecutive tri a 1 s. 

During the review, the experimenter read each sentence 

aloud after arranging them and encouraged the subject to 

repeat the sentence freely during the review and during 

their own responses. 

Ten days after the acquisition session, a retention 

session was conducted that consisted of four consecutive 

trials following the same procedure as the acquisition 

session with the omission of the review or any feedback on 

performance. In the particle set, as at acquisition, the 

order of subject and object for each sentence were varied 

across trials. For both groups, a character writing 

activity was interpolated after the first three trials. The 

purpose of the activity was to clear short-term memory. 

The number of trials to criterion and a verbatim record 
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of all errors in both sessions were recorded for analysis. 

The retention session required about 20 minutes. 

Confounds in syntax study. Brainerd, Reyna, Howe and 

Kigma (1990) reported evidence that learning and forgetting 

respond independently to a variety of factors, for example, 

spacing of learning and testing at acquisition and 

retention. Taxonomic relatedness is a factor that affects 

acquisition and retention differently over development. 

Since aspects of conceptual or semantic organization are 

also .implicated in strategies of early language acquisition, 

the sentences in the syntax study were designed to contrast 

errors on different kinds ofsemantic distinctions. The 

different semantic types could not be crossed in the design 

if the number of elements to manipulate in the syntax and 

lexical study were to be approximately equal. 

Choosing two different types of verb bases, one whose 

stem contains the consonant "r" and requires a phonetic 

vowel "a" before the negative morpheme nai made it possible 

to roughly balance the number of items to be learned and 

mani pul at.ed in the set us; ng part i cl es and the set 1 ack i ng 

particles. It also allowed the contrast within the word 

order set of a semantically meaningful morpheme with a 

purely phonetic morpheme while leaving the contrast between 

complex and simple morphemes balanced in the particle set. 

However, it prevented complete crossing of the contrast 



between complex and simple morphemes. 
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This constitutes a 

confound when analyzing the undifferentiated errors in the 

syntax study. Some of the variance" between the word order 

and the particle set could be due to the difference in verb 

forms (an additional morpheme in the negative sentence) 

rather than word order. The alternative confound of uneven 

memory load seemed more damaging. The word order sentences 

would have had only four morphemes with invariant word order 

which would elevate the probabilities of chance correct 

responses. 

The attempt to balance the elements to be learned and 

remembered in the two sets could not be perfectly realized 

within the constraints of Japanese syntax. The particle set 

has more elements and requires interpreting the reversal of 

the subject-object nouns. In spite of this increased 

cognitive burden, however, subjects made fewer errors on 

the particle set than the word order set (see Chapter 4). 

Lexical Study 

The lexical study acquisition session consisted of 

three phases: a study phase, a recall test of English 

equivalents for the Japanese words and recall trials with 

review where the Japanese words were the target. 

In the study phase, subjects were presented one of the 

two sets of labeled pictures one at a time with the labels 

exposed. The pictures were held up to the subject's view 
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for approximately five seconds during which time the 

experimenter said, for example, "The Japanese word for car 

is kuruma." The subject was asked to repeat the Japanese 

word and was allowed extra practice if it seemed difficult. 

Pronunciation was judged acceptable where vowels were 

reduced or English stress patterns imposed. 

After the study session and an interpolated activity, a 

recall test was conducted by repeating the Japanese word and 

asking the subject for the English equivalent. The 

photograph were not visible during this trial. Three 

repetitions of the list in random order constituted the 

reverse recall acquisition test. 

An interpolated activity preceded the acquisition 

recall trials with the Japanese words as targets. In these 

trials, the pictures were presented in random order with the 

labels covered while the experimenter verbalized the English 

equivalent. The subjects were instructed to verbally 

produce the Japanese word matching the picture. After each 

trial, the experimenter rapidly reviewed the eight words by 

showing in random order each picture with the lettering 

exposed while repeating the corresponding Japanese word. 

The subject was encouraged to repeat the Japanese word after 

the experimenter. This review was followed by an 

interpolated activity. Trials were repeated until a 

criterion of three successive errorless trial repetitions 

was achieved for each subject. The acquisition session for' 
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either set required about 20 minutes for the adults and 30 

minutes for the children. 

Ten days after the acquisition trial, a retention test 

was administered. The retention test consisted of three 

presentations in random order of the set of eight pictures 

learned at acquisition and followed the same procedure with 

the omission of reviews or any other feedback on 

performance. An interpolated activity followed the first 

and second trial: After the recall test of Japanese words, 

a recall test of English equivalents was administered. The 

set of eight Japanese words was repeated verbally three 

times in random order, with interpolated activities after 

the first and second trials to clear short-term memory. 

Subjects were allowed five seconds after each Japanese word 

in which to respond with the English equivalent. All errors 

in each recall test were recorded for qualitative and 

quantitative analysis. The total time required for the 

recall test was about 20 minutes for the adults and 

children. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Analyses 

An overview of the analyses conducted is provided in 

Table 3. For each analysis, the dependent variable and the 

factors analyzed are listed. 

Syntax Study 

Acquisition and Retention Errors as Dependent Variable 

A 2 (age) x 2 (order) x 2 (set) x 2 (test) ANOVA used, 

as a dependent measure, errors in the first four trials of 

Japanese recall in the acquisition session and the errors in 

the retention test as a repeated measure. The factor set 

contrasted sentences that marked subject and object function 

with postpositional particles with sentences relying on 

invariant subject-object word order to indicate grammatical 

function. Support for the major hypothesis would entail an 

interaction between age and test where differences at 

acquisition decrease or reverse at retention. A significant 

age x test interaction would support the hypothesis if 

children were closer to or better than adults in their 

scores at retention compared to acquisition. A significant 

age x set x test x interaction would support the hypothesis 



Analysisi 
Dependent 
Variable 

Syntax Study 

ANOVA 
A 11 errors on 
1st 4 Trials 

at acquisition 
A 11 errors Rtn 

as repeated 
measure 

ANOVA 
Errors on 
animate/ 

inanimate 
subject-object 

nouns 

ANOVA 
Errors on 
Compound/ 

single 
morphemes in 
particle set 

AtIOVA 
Errors on 

!IIeani ngfu 1 / 
phonetic 

morpheme 1 n 
wora o. set 

ANOVA 
Trials to 
criterion 

acquisition 

Table 3 

Analyses Performed And Factors in Order 

Presentation 

Factor 
level 

~ Order Set Test 
child/adult syntax 1st word order acqui 

lexical 1st particle reten 

~ Order Set Test Error Ty~e 
child/adult syntax 1st word order aqui animate 

lexical 1st particle reten inanimate 

~ Order Error tyge Test 
chi ld/adult syntax 1st mgle acqui 

lexical 1st compound reten 

~ Order Error tyge Test 
child/adult syntax 1st meaningful acqui 

lexical 1st phenetic reten 

ill Order Sat 
child/adult syntax 1st wore order 

lexical 1st parmI e 
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Table 3 Continued 

lexical Study 

ANOVA 
Pi Jot Study 

Japanese Recall As! ~amll1arnz iest 
All errors on child/adult familiar acqui 
1st 3 Trials unfamiliar reten 

retention errors 
repeated measure 

ANOVA 
Filot Study 

English Recall As! Far.nl iarity iest 
Errors on 1st chil d/ adu It familiar acqui 

3 trials unfamii i ar rete:] 
English recall as 
repeated measure 

ANOVA 
Japanese reca 11 

A II errors on 
1st 3 trials 

at acquisition A3! Order Set rami I iarity jest 
A II errors at child/adult syntax 1st set 1 famil i ar aqui 

retn. as repeated lexical 1st set 2 unfamiliar retn 
measure 

ANOVA 
Errors on English A3! Order Fami I iarit,/ iest 

recall child/adult syntax 1 st fami liar acqui 
lexical 1st unfamiliar reten 

i-test 
Trials to A3! 

criterion on child/adult 
lexical acqui 

Combined Studies 

ANOVA 
Total errors at 

acquisitlon ill Gender Order Stud; iest 
in both syntax child/aduit male synta;: 1st syni.a;: acou: 

and lexlcal study female i ema 1 13" iexi:ai reten 
, errors at retentlon 

as repeated measure 
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if the difference between the particle and word order sets 

decreased or reversed at retention compared to acquisition. 

The results of this analysis do not support the hypothesis 

of an acquisition-retention asymmetry for syntactic rules. 

Main effects for all factors except order (age, set, 

test) revealed that adults made significantly fewer errors 

overall than children (F = 18.91, P < .001), the sentences 

marked with particles were easier to learn and remember than 

the unmarked set (F = 17.75, P < .001), and more errors were 

made at the retention session than at the initial 

acquisition session (F = 29.38, P < .001). 

There was a significant interaction between age and 

test (F = 5.83, P = .02). This interaction was one of 

greater difference between adults and children at retention 

than at acquisition. For the children, errors in the 

acquisition trials revealed a higher rate of forgetting than 

for the adults. In a planned comparison, a Newman-Keuls 

test showed that all means were significantly different (p < 

.05) which can be interpreted as an increase in errors at 

retention for both children and adults, whereas adults made 

,fewer errors at acquisition and retention. 

There was a significant text x age x set interaction (F 

= 4.58, P = .04). The direction of this interaction 

indicates a significant increase from acquisition to 

retention in errors on both word order and particles for the 

children, while the adults' errors increased slightly in 



Table 4 

Means and Standard Deviations for Syntax Errors 
Dependent Variable: First four trials at acquisition 

with retention errors as repeated measure 

Main Effects mean SD 
Age 

Child 8.20 4.24 
Adult 4.15 4.39 

Set 
Word Order 8.13 4.42 
Particle 4.22 4.21 

Test 
Acquisition 4.63 3.85 
Retention 7.73 5.08 

Test X Age Interaction 
Adult at acqui. 3.20 3.80 
Adult at retn. 5.10 5.18 

Child at acqui. 6.30 3.43 
Child at retn. 10.35 3.92 

Test x Age x Set 
Interaction 
Child at Word Order 

Acquisition 7.90 3.20 
Retention 11 .30 3.30 

Child at Particle 
Acquisition 4.20 2.60 
Retention 9.40 4.40 

Adult at Word Order 
Acquisition 5.10 4.50 
Retention 8.20 4.60 

Adult at Particle 
A~quisition 1.30 1.40 
Retention 1.50 2.50 

Note. Maximum errors possible at each level are 16. 
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word order errors and decreased slightly in particle errors. 

A post hoc Tukey test (p < .05) found no significant 

difference in the adult means at acquisition and retention 

for either word order or particle, whereas the children's 

means were significantly different. Overall means at 

acquisition and retention were significantly different, 

reflecting the main effect for fewer errors in the particle 

set overall. 

level of chance in the syntax study. Although it was 

possible for subjects to guess in response to the cues in 

the syntax study, the probability of a correct guess at· any 

single response was low. Such probability is determined by 

the number of eiements that the subject could manipulate for 

each possible place in the string. If the nouns are 

excluded, the probability of a correct guess based on six 

elements for the particle set and five elements for the word 

order set is .00138 and .0083 respectively. If it is 

assumed that the subject guessed only on the elements other 

than the verb root and nouns, the probability of a correct 

guess is still low enough to disregard (.0083 for the 

particle set and .042 for the word order set). The 

probability for a random error or guess to be counted at a 

particular level of a factor is .5. Significant differences 

between levels of a factor may be interpreted as due to 

factors other than chance. Overall, the results demonstrate 
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that the rate of retention falls below the level of learning 

when assessed at the first four trials of acquisition. 

Discussion. The main effect for test showing errors at 

retention to be higher than errors at acquisition overall 

are an indication of the rate of forgetting. Without 

reference to the difficulty of acquisition, the rate of 

forgetting may be expressed as the mean of 7.73 errors out 

of 24 responses or a mean of 2.54 errors out of 8 words in a 

ten-day retention interval. This is an average level of 

difficulty that should preclude floor effects. 

Mechanisms of forgetting. The main effect for test is 

consistent both with intuition and studies of long-term 

retention. After learning an item or set to the point of 

perfect recall, some forgetting will occur over time if no 

review or relearning takes place. The controversy in 

theories of memory is over which mechanisms are involved in 

forgetting. Usually, retrieval failure and storage failure 

are seen as contradictory proposals--access to indelible 

memory is somehow lost or blocked, or the memory itself is 

not permanent and can be lost, erased or overwritten. 

However, Brainerd et al. (1990) have proposed a theory of 

trace integrity in which the bonds between the episodic 

features of a memory trace and its semantic core 

disintegrate either to the point at which the memory trace 
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cannot be consistently recovered or to the point at which it 

cannot be recovered at all. Hence, both retrieval failure 

and storage failure are points in a continuum of degradation 

of the memory trace in this model. 

In Brainerd et al., reminiscence, or remembering 

something at some point in time after being unable to 

remember it earlier, is explained as redintegration, or 

reconstituting the associative bonds between the episodic 

features involved in the learning situation and the semantic 

core of the memory trace. In the syntax study as well as in 

the lexical study, reminiscence was commonly observed where 

the subject would remember items in a subsequent trial that 

were missed on an earlier retention trial. The implication 

is that the memory trace underwent redintegration as a 

result of the episodic associations in the experimental 

setting. 

In learning new forms in a first or second language, 

the episodic features have generally been considered 

important only as contextual cues to matching form with 

meaning (Carey, 1983; MacWhinney, 1987a; Markman, 1990). 

Once meaning and form have been matched, the problem of 

acquisition is solved, and presumably the episodic features 

of the learning context are no longer useful in retrieving 

the new form from long-term memory. The fast-mapping 

hypothesis (Carey, 1978; Heibeck and Markman, 1987; Rice, 

1990) asserts that the most important features encoded along 
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with the form of a new word are categorical. In accounts of 

the acquisition of syntax, the discovery of semantic 

function is the goal of· hypothesis testi~g (Slobin, 1986; 

MacWhinney, 1984b). This phenomenon seems to be one of 

extracting semantic gist at acquisition and eschewing 

associations that bond the new form to episodic details. 

There is no account of forgetting in the hypothesis

testing account of language acquisition. Since the present 

study shows that forgetting occurs for both words and rules 

after perfect learning, the nature of the trace for 

linguistic forms stored at acquisition is raised. Knowledge 

of language is often seen as permanent memory, made up of 

traces and associations that cannot be lost. Language is 

the model of what is meant by semantic memory as opposed to 

episodic memory. In early language acquisition, the role of 

episodic memory is important in learning schemas and 

prototypes (Rosch, 1975) and in the acquisition of formulaic 

language (Hakuta, 1974). Since the bond between a new form 

and its semantic meaning can disintegrate resulting in 

retrieval and storage failure, the process of discovering 

the meaning or function of a form cannot.be considered 

adequate to result in permanent memory. Initial acquisition 

that integrated episodic features would be more likely to be 

retrieved at a later time because there are more feature to 

act as retrieval cues, There is no reason why the 

efficiency of initial acquisition in this manner would not 
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obtain throughout development. In any case, the major role 

that forgetting appears to play in language development 

requires a reassessment of models whose end state is the 

acquisition phase of a form-function mapping. 

Local cues versus global cues. The main effect for set 

indicates that the sentences marked by the particles were 

easier to learn and remember than those that relied on words 

to convey grammatical function. The prediction that the 

forgetting rate for the particle rules would be different 

for children and adults was not confirmed. This finding 

provides no evidence. of a distinctly different strategy, 

bias or constraint in the way children within the critical 

period acquire syntacticai rules compared to adults. 

Until recently, there were many advocates of the 

priority of word order as a universal strategy of sentence 

interpretation, and therefore word order was hypothesized to 

be acquired earlier than case marking or other semantic cues 

to grammatical function (for review see Bates et al., 1984). 

Much of the evidence for the priority of word order as a 

processing strategy was based on studies of English with 

adults as subjects. However, cross-linguistic studies with 

children have made it clear that children, from the 

beginning, interpret and respond to the cues in their native 

languages that provide functional information (Bates et al., 

p. 351). Hakuta (1982) found that young Japanese children 
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rely on semantic cues when they are in competition with word 

order whereas Nagata's (1984) experiment with Japanese 

adults using an artificial language found that word order 

strategies dominated interpretation of incomplete and opaque 

sentences. The results of the present study, however, show 

that adults, as well as children, learn and remember the 

particle rules better than the word order rules. Perhaps 

this result is due to the completeness and simplicity of the 

sentences and the fact that the "local cues" (Slobin, 1983) 

are clearly and overtly marked in an unfamiliar natural 

language. 

This finding suggests a remarkable sensitivity by both 

the children and adults to rules that are contrary to their 

native language. If native language forms interfered with 

acquiring conflicting rules, the word order sentences would 

appear easier to process since there are no particles to 

learn, and only the verb violates English word order rules. 

If MacWhinney (1987) and Slobin (1983) among others are 

correct in asserting that there is no universal priority to 

either word order or mo~phological cues to sentence 

interpretation, then the explanation for the results showing 

fewer errors for the particle rules must lie in the 

objective validity of the cues themselves rather than in an 

innate bias. 

What is there about the sentences formed with particles 

and varying word order that makes them easier to acquire and 
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remember than those with no particles and invariant word 

order? One possibility is that particles promote local 

analysis of the sentence function. Regardless of the word 

order, the particle reliably signals that the noun is an 

agent or an object without requiring the learner to consider 

the sentence as a whole. The word order sentences, on the 

other hand, may induce enough uncertainty due to the 

aberrant order of the verb relative to English to result in 

a global approach which leaves the preverbal object 

ambiguous. 

Hakuta (1982) has demonstrated that yOl.::'lg Japanese 

children in the early stages of language acquisition (ages 2 

to 6) use particles and word order as mutually 

interdependent cues to comprehension and production of 

sentences. Since the subjects in the present study learned 

exclusively either word order or particle rules in a single 

sentence type, their interaction could not be observed. In 

this study the local particles provided more reliable, clear 

and overt (Slobin, 1978) cues for learning and remembering 

the correct sentence forms. 

Age difference "in learning and forgetting. The main 

effect for age is consistent with a large body of research 

that demonstrates an initial advantage in rate or ease of 

acquisition for adults over children in both naturalistic 

and controlled settings (see Long, 1990; Newport, 1991; 



Singleton, 1989; Snow, 1983). In the combined effect of 

acquisition and retention, the evidence supports an adult 

advantage in learning and remembering syntactical rules. 
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However, long-term retention under experimental 

conditions has not been the focus of these studies. 

Therefore, this intuitively unsurprising result can be 

claimed as a contribution to understanding child-adult 

differences in second language learning because the adult 

advantage reflects both learning and forgetting rates. 

Typical experiments that find adult superiority in 

acquisition seem inconclusive in lacking a measure of long

term retention. For example, a very influential study by 

Asher and Price (1967) compares adults and children 

immediately after learning sessions in which Russian was 

introduced, and groups under different treatment conditions 

of Total Physical Response were compared. In a more recent 

study, MacWhinney (1983) only tests subjects on the rules of 

a miniature artificial language immediately after learning 

sessions to compare child-adult differences in the 

application of universal operating principles. Such 

paradigms evoke the response from language teachers if not 

from learning theorists, "Yes, but how well will they 

remember it?" From a developmental perspective, forgetting 

rate might be considered an essential concern in 

establishing child-adult differences in language learning. 

According to Brainerd et al (1990):" 
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... the development of learning and the development of 
forgetting are governed by different principles ••• 
For instance, increasing the number of acquisition 
study trials increases learning levels but does not 
affect forgetting rates ... Conversely, administering 
additional memory tests at acquisition dramatically 
reduces forgetting rates . . . but has no effect on 
learning levels ..• The theoretical significance of 
such findings is that they establish that learning
forgetting asymmetry is not unique to adults and that, 
indeed, it is in evidence early in memory development. 
This rules out a entire class of theories that claim 
(a) that learning and forgetting originate as part of 
the same undifferentiated memory process and (b) that 
they become independent only with age and articulation 
of the memory system (pp. 11-12). 

The difference in forgetting rates in all the analyses 

of this study are similar to the general findings of 

Brainerd et ale (1990) using word lists and pictures of 

well-known objects and words. After perfect performance in 

the acquisition phase, children forget more than adults in 

the retention interval. As reviewed by Brainerd et al., 

developmental trends in forgetting rates remain 

controversial, and a large amount of recent empirical study 

finds no change with age. Following the design precautions 

elaborated in the Brainerd et ale studies, all the analyses 

in this study found striking differences in forgetting rates 

favoring adults. Using recall rather than recognition 

tests, avoiding floor effects and imposing stringent 

acquisition criteria produced age differences in forgetting 

rates, as will be discussed below, as well as in acquisition 

performance. 
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The significant interaction between age and test, 

together with the planned comparisons showing all means to 

be significantly different, indicate that adults both 

learned the sentences with greater ease and recalled them 

with fewer errors at the retention session. The mean errors 

for children at retention were more than double those of 

adults. A slope from zero errors at acquisition to 

retention would show a striking difference in adult and 

child forgetting rate. The age x test interaction was in 

the opposite direction of that predicted for critical period 

preferential conservation of syntactic rules. 

The interaction between test, age and set indicates 

that the adults, as well as the children, found the local 

semantic cues easier to learn than word order at 

acquisition. However, the difference in errors between the 

two types of syntactic cues converged at retention in the 

children's case, which suggests that ease of acquisition did 

not result in symmetrical gains in long-term memory. For 

the adults, the relationship between ease of acquisition and 

long-term memory was symmetrical. Post hoc Tukey test 

showed that there was no significant difference between the 

acquisition and retention means on either "level of the 

adults score, but for the children, both word order and 

particle levels showed significantly more errors at 

retention that at acquisition. All means at retention and 

at acquisition were significantly different~ Completely 
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contrary to the critical period prediction, adults benefited 

more in terms of ease of acquisition and rate of forgetting 

from the local cues provided by the particles than the 

children did. 

Analysis of Errors on Animate/Inanimate Subiect-Object Nouns 

The contrast of errors on these two sentence types 

should reveal any tendency to reverse the cued 

subject/object relationship when both are animate and any 

effect that this potential ambiguity might have on ease of 

acquisition and strength of retention. The question of 

whether the cue of word order or particle markings interacts 

with this potential ambiguity is also addressed in a 2 (age) 

x 2 (order) x 2 (set--word order/ particle) x 2 (sentence 

type--animate/inanimate) x 2 (test) ANOVA which used errors 

on the two sentence types as the dependent variable. Main 

effects on all factors except order were significant at p < 

.001 (age F = 17.45, set F = 17.04, sentence type F = 9.86, 

and test F = 17.85). There was a significant test x age x 

set interaction (F = 7.61, p = .01). 

The direction of the main effects reflects the previous 

analyses in that adults made fewer errors than children 

overall, more errors were made in the word order set than in 

the particles, and all subjects made more errors at 

retention than at acquisition. The significant interaction 

between age, test and set reflects the results of the 
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Table 5 

Means and Standard Deviations for Errors on 

Animate-Animate versus Animate-Inanimate 

Noun Pairs 

Main Effects Mean SO 
Age 

Child 4.09 2.50 
Adult 2.00 2.40 

Set 
Word Order 4.08 2.60 
Particle 2.00 2.30 

Sentence Type 
Animate Pair 3.40 2.70 
Animate/inanimate 2.70 2.50 

Test 
Acquisition 2.40 2.30 
Retention 3.70 2.80 

Test x Age x Set 
Interaction 
Child at Word Order 

Acquisition 4.50 2.95 
Retention 5.40 2.06 

Child at Particle 
Acquisition 1.95 1.63 
Retention 4.50 2.46 

Adult at Word Order 
Acquisition 2.45 2.28 
Retention 3.95 2.81 

Adult at Particle 
Acquisition .80 .95 
Retention 1.48 .75 

Note. Maximum errors possible at each level are 8. 
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previous analysis. A post hoc Tukey test (p < .05) showed 

that the mean errors on the particle set for the children 

was significantly lower that~ the word order set at 

acquisition, whereas at retention the difference was not 

significant. The children's means were significantly 

different on each level at acquisition and retention, 

whereas the adults' means remained symmetrical across 

acquisition and retention with no significant difference at 

either level. These results are evidence of a learning

forgetting asymmetry; however, it was in the opposite 

direction from that predicted for a childhood advantage that 

might contribute to an explanation of critical period 

effects. 

Subjects overall made more errors on the sentences 

containing a pair of animate nouns. This is evidence that 

the animate subject-noun pairs caused some difficulty for 

learning and retention. However, there was no interaction 

effect involving this factor. The asymmetry hypothesis 

addressed by this analysis would be supported by a age x 

sentence type x test interaction in which the children's 

errors on reversible sentences at acquisition decreased or 

reversed at retention. 

Discussion. This manipulation resulted in the 

anticipated significant differences between the errors in 

sentences with animate/animate subject-object nouns and 
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those with animateiinanimate noun pai~s. Any error in the 

production of the target sentences was counted in this 

analysis, not just reversals, which were relatively rare 

(one subject reversed all particles, one seemed to be 

guessing the particles randomly, and several subjects 

reversed the stimulus subject-object relationship in both 

the animate noun pair and the animate-inanimate noun pair in 

the word order set). The assumption behind this calculation 

of errors was that the animate noun pair would evoke 

uncertainty in subjects employing a semantic strategy or 

bias and this could result in errors at any point in the 

response string. If only reversal errors were calculated, 

there would be too few errors and too few subject who made 

such errors (two adults, three children) to result in a 

statistical effect. Since significantly more errors were 

made on the animate or reversible noun pair, it would appear 

that the assumption was justified. The contribution of 

this analysis to data on child-adult differences is that it 

supports a view that adults as well as children use semantic 

strategies in processing novel second language syntactical 

structures. In contrast, MacWhinney's (1983) test of four 

universal operating principles (avoiding interruptions of 

linguistic units, attending to the ends of words, checking 

the form of the affix, and avoiding exceptions) found 

evidence that adults were not applying these biases while 

the children were. These conflicting findings may be due to 
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the use of a natural language in the present study and the 

fact that the children in MacWhinney's study learned the 

rules and were tested through the use of games while the 

adults did not participate in the games. The physical 

activity involved in moving the cards in the present 

experiment may have contributed to the memorability of the 

particle sentences. In sum, results do not support the 

children's use of special operating principles which the 

adults lack or do not use. 

Analysis of Errors on Simple and Compound Morphemes 

A 2 (age) x 2 (order) x 2 (morpheme type) x 2 (test) 

ANOVA contrasted sentences with single morphemes to those 

with double morphemes within the particle set. The main 

effect of morpheme type is of interest (F = 4.92, P = .04). 

Both adults and children found the compound morpheme 

somewhat harder to learn. The main effects for age (F = 
26.12, P = (.001) and for test (F = 11.02, P = .01) show 

that adults made fewer mistakes overall and errors at 

retention exceeded errors at acquisition. The test x age 

interaction (F = 7.66, P = .01) was in the same direction as 

the previous test, that is, the children's rate of 

forgetting was greater than adults'. Table 6 lists the 

means and standard deviations of all significant 

results. 



Table 6 

Means and Standard Deviations for Errors on 
Simple and Compound Verb Ending 

Main effects 
Age 

Test 

Child 
Adult 

Acquisition 
Retention 

Morpheme Type 
Single 
Double 

Test x Age interaction 
Child at Acquisition 
Child at Retention 

Adult at Acquisition 
Adult at Retention 

Mean 

3.20 
.90 

1.45 
2.65 

1.65 
2.45 

2.10 
4.30 

.80 
1.00 

Note. Maximum errors at each level are 8. 

SO 

2.49 
1.19 

1.51 
2.75 

2.10 
2.41 

1.60 
2.80 

1.20 
1.41 
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Discussion. Two levels of complexity were included in 

the design in order to provide an uncontroversial 

distinction in difficulty of acquisition. The main effect 

for age shows that adults learned and remembered both 

morpheme types better than the children. The main effect 

for morpheme type confirms the assumptions that the complex 

morphemes were harder to learn and remember than the simple. 

The result that would support the hypothesis of asymmetry is 

that, for the children, there would be less difference 

between the rates of forgetting of the two types of rules 

than the difference of difficulty at acquisition. If the 

adults did not demonstrate the same asymmetry, it could be 

construed as preferential conservation of the more difficult 

rules by the children and not the adults, which would 

suggest the operation of critical period sensitivity. The 

interaction of interest would be age x morpheme type x test. 

The significant interaction between age and test 

repeated the results of the analysis of errors on all types 

of sentences in that the children's forgetting rate was 

higher than the adults'. Based on a Tukey post hoc test (p 

< .05), the retention means for the children were 

significantly higher than 'acquisition, whereas there was no 

significant difference between acquisition and retention for 

the adults. 
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Analysis of the Semantic-Phonetic morpheme Contrast 

The word order set contrasts a meaningful internal 

morpheme with a purely phonetic one (sawa + £S + nai versus 

sawa + ~ + nail. A 2 (age) x 2 (morpheme type) x 2 (test) 

ANOVA was performed using errors on the two morphemes as the 

dependent variable where age was a between factor and 

morpheme type and test were within groups. Main effects were 

found for age (F = 4.37, p = .04), test (F = 14.31, P < 

.001) and morpheme type (F = 6.78, P = .02). There was a 

significant interaction between test, age and order (F = 
4.36, P = .05). A post hoc Tukey test (p < .05) for 

differences between means shows that the adults who received 

the syntax study first made significantly fewer errors than 

the children at the same level. The only other means that 

differed significantly were those of the acquisition scores 

for children who received the word order first and the 

retention scores for adults who received the syntax study 

first. Table 7 lists the means and standard deviations for 

significant results. 

The age and test main effects were consistent with 

previous analysis showing that adults made significantly 

. less errors than children and acquisition errors were fewer 

than retention errors. The main effect for morpheme type 

indicates that the semantic internal morpheme were easier to 

learn and retain than the phonetic morpheme. 

The hypothesis of asymmetry addressed in this analysis 
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Table 7 

Means and Standard Deviations 

For Errors on Semantically 

Meaningful and Purely Phonetic Morpheme 

Main Effects 
Age Mean SO 

Child 2.58 1.30 
Adult 1.63 1.60 

Test 
Acquisition 1.60 1.30 
Retention 2.60 1.60 

Morpheme type 
Phonetic· 2.40 1.50 
Semantic 1.80 1.50 

Test x Age x Order 
Interaction 

Child Syntax First 
Acquisition 1. 70 1.25 
Retention 3.20 1.22 

Child Lexical First 
Acquisition 2.40 1.17 
Retention 3.00 .94 

Adult Syntax First 
Acquisition 1.00 .81 
Retention 1.30 1. 75 

Adult Lexical First 
Acquisition 1.30 1. 31 
Retention 2.90 1.66 

Note. Maximum errors at each level are 4. 
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was that a manipulation of morpheme meaningfulness would 

affect learning and forgetting differently. The predicted 

interaction to support. this hypothesis, an age x test x 

morpheme type in the direction of a decrease in relative 

errors for children at retention was not found. In the 

significant age x test x order interaction, the syntax first 

order means show fewer errors than the lexical first order 

at acquisition. For the children, this order was reversed 

at "retention. They made more errors when syntax was first, 

whereas the errors for adults retained the pattern of higher 

errors for lexical first order. There is no reason to 

expect this interaction in the model being tested. It 

appears to be a testing effect that influences the children 

in a different manner than adults. Since testing was more 

than 10 days apart, the factors responsible perhaps involve 

attitude and expectation. 

Discussion. Slobin's (1973) observation that 

semantically meaningful inflections are acquired earlier 

than purely formal ones may implicate a bias that operates 

in children but not in. adults. However, the results of this 

analysis did not show morpheme type to interact with age. 

This interpretation is compatible with the analysis of 

errors in the animate/inanimate subject-object noun pairs 

which also attempted to capture the effects of a semantic 

cue. The main effects for age and test were in the same 
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direction as the previous analyses favoring adults overall 

and revealing more errors at retention than at acquisition. 

The main effect for morpheme type favored ease of learning 

and retention for the semantically meaningful morpheme in 

both groups. This result is consistent with previous 

research (Bates et al., 1984; Slobin, 1982; Chujo, 1983; 

Sasaki, 1991) that found semantic cues more easily acquired 

than cues whose function was not semantic. That adults 

performed better than children on the non-semantic cues is 

consistent with theoretical models that impute a deeper 

concern with grammatical structure to adult second language 

learner (e.g., Felix, 1981; Krashen, 1982; Rosansky, 1975) 

as well as empirical evidence that favors adults' 

acquisition of purely formal rules (Braine et al., 1990). 

Analysis of Acquisition Trials to Criterion 

As an overall measure of difficulty of acquisition in 

the syntax study, a 2 (age) x 2 (order) x 2 (set) ANOVA was 

performed with trials to criterion as the dependent 

variable. There were no interaction effects. Main effects 

for age (F = 10.78, P < .001) and set (F = 10.78, P < .001) 

indicate that the adults learned the sentences in 

significantly fewer trials, and the set with particles was 

easier overall to learn that the set with no particles. 

Table 8 lists data for significant effects. 



Table 3 

Means and Standard Deviations For Trials to Criterion 
in the Syntax Study 

Main Effects Mean SO 
Age 

Child 7.40 1.789 
Adult 5.80 1.705 

Set 
Word order 7.40 2.112 
Particle 5.80 1.281 
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Discussion. As mentioned above, the procedure of 

requiring all subjects to strictly meet the learning 

criterion of four successive errorless trials in the syntax 

study was adapted from studies by Brainerd et al. (1990). 

These studies were based on a critique of prior research in 

the field of learning and forgetting that failed to find age 

effects for forgetting rates. This critique concluded that 

the major reasons for this failure were the use of 

recognition tests of memory which are insensitive to age 

effects, floor effects and stage of learning effects (p. 

12). The present study responded to these points by using 

cued recall tests of memory, employing a sufficient level of 

difficulty and a long retention interval (ten days) to avoid 

floor effects and setting a strict learning criterion. 

Brainerd et al.(1990), employing exacting analyses of stage 

of learning at acquisition and retention in a number of 

experiments found, following the above guidelines, that 

there were no differences in completeness of learning 

between subjects of different ages. 

It is important to the interpretation of this research 

that the levels of learning can be considered equivalent for 

the adults and children at acquisition. A robust critical 

period effect could then be assumed if the children scored 

higher at retention and asymmetries within groups could be 

meaningfully interpreted. To compare difficulty of 

acquisition, a common level of achievement must be assumed. 
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with this background in mind, trials to criterion can 

be claimed as a reliable measure of difficulty of 

acquisition. Since most of the analyses used the errors in 

the first four acquisition trials as a measure of difficulty 

of retention, correlation was measured between trials to 

criterion and the errors in the first four trials (r = .874) 

and also between trials to criterion and the total errors in 

all acquisition trials (r = .854). This high positive 

correlation suggests that these measures tapped difficulty 

of acquisition. 

Lexical Study 

Pilot Study 

A pilot study of the lexical design was conducted to 

determine the feasibility of the acquisition criterion, the 

time required for testing sessions and the level of 

difficulty of acquisition to avoid floor effects. The 

materials were the same as described for the present study. 

The procedures differed in that the subjects participated in 

groups of five and responded in writing to the memory 

probes. Finding a significant interaction in which the 

children's means were closer to the adult's at retention 

than at acquisition, the retention interval was increased 

from a week to ten days for the present study. Also, 

individual testing and oral responses were adapted to 'better 
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control extraneous variables. 

In the pilot study, English recall was not part of the 

acquisition session but was only ~ssessed after Japanese 

recall in the retention session. 

Assuming the subjects had memorized the English 

equivalents in the list, the probability of a correct guess 

on any trial of the English recall is 1 in 8. The 

probability of a correct guess in a trial of the Japanese 

reca 11 wou 1 d n"ecessar i 1 y be based on the unwarranted 

assumption that the Japanese words in the list had been 

memorized independently of the English Equivalents. 

Subjects. 20 third-grade students from a local private 

school, mean age 8.11, and 20 adult students in college 

writing courses, mean age 21.3, participated in the study. 

All subjects were from lower middle to middle income groups. 

About half the adult and child subjects spoke English as a 

second language. Tables 9 and 10 list data for significant 

effects. 

Analysis and results. A 2 (age) x 2 (test) x 2 

(familiarity) ANOVA was performed· treating the total errors 

in the retention test as a repeated measure of performance 

in the first three trials of the acquisition session. The 

main effect for age (F = 13.7, P < .001) and for familiarity 

(F = 34.9, P < .001) demonstrate that the adults learned 

faster and remembered more while both groups acquired and 

remembered Japanese names for familiar items with greater 



Table 9 

Pilot study 

Means and Standard Deviations for Errors 
on Japanese Recall 

Main Effects 
Age 

chiid 
adult 

Familiarity 
familiar 
unfamiliar 

Age x Test Interaction 
child at acquisition 
child at retention 
adult at acquisition 
adult at retention 

Means 

6.8 
3.1 

4.5 
6.1 

7.6 
5.6 
3.1 
4.3 

Note. Maximum errors at each level are 12. 

SO 

4.0 
3.0 

3.7 
3.9 

4.1 
3.5 
2.4 
3.6 
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Table 10 

Pilot Study 

English Recall Errors 

Main Effects 
Age 

child 
adult 

Familiarity 
familiar 
unfamiliar 

Test 
acquisition 
retention 

Test x Age Interaction 
child at acquisition 
child at retention 
adult at acquisition 
adult at retention 

Means 

5.4 
2.7 

3.4 
4.7 

7.9 
2.8 

7.6 
2.8 
3.1 
2.3 

Note. Maximum errors at each level are 12. 

SO 

4.4 
2.5 

3.3 
4.1 

4.2 
2.6 

4.2 
2.8 
2.1 
2.5 
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ease and permanence than was case for names of unfamiliar 

items. There was a significant interaction between age and 

test (F = 10.99, P < .001) which indicates that the 

difference between adult and child performance was much less 

during the retention test than during the acquisition phase. 

From the adult point of view, acquisition was relatively 

easy as expressed in a low number of errors in the first 

three acquisition trials while retention scores reflect some 

forgetting with an increase in the number of errors. For 

the children, acquisition was more difficult as reflected in 

a significantly higher number of errors than the adults 

during the first three acquisition trials, whereas retention 

scores show a decline in errors compared to this number. A 

Tukey post hoc test revealed that the acquisition mean for 

the children was significantly greater than their retention 

mean (P < .05) while the acquisition-retention differences 

were not significant for the adults. The means at 

retention were not significantly different in this test. 

The children remembered more after a week interval than they 

did immediately after one initial learning presentation. 

For the adults, the reverse was true--they recalled more 

after one initial lear'ning session than after the week 

interval, although this difference did not reach the level 

of significance. Since both the adults and the children 

were tested for retention after achieving criterion, the 

results of the analysis 'indicate that children forgot more 
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in absolute terms than the adults. 

The motivation for using the English recall as a second 

measure of retention was similar to that in the present 

study. Along with the evidence that subjects might remember 

more when English was the target (Bahrick, 1984), it was 

reasoned that if subjects rely on translation or word 

association to store or access memory for the unfamiliar 

words, English recall could result in fewer errors. On the 

other hand concept mediation, or retrieving the English word 

through an underlying concept, might be more difficult for 

the unfamiliar concepts when the pictures were not 

presented. 

A 2 (age) X 2 (test) X 2 (familiarity) ANOVA was 

performed using errors in the first three trials of the 

acquisition test as in the above analysis but substituting 

errors in the English recall test for the retention measure. 

Significant main effects were found for all factors (age F = 
13.21, P <001; familiarity F = 23.36, P = <.001; test F = 
35.42, p = .001). The main effect for test indicates that 

the combined errors of both groups were significantly 

greater in the acquisition phase than in the retention 

phase. This was most likely due to the different measures. 

The English recall used at retention was easier perhaps 

because it allowed the subject greater freedom to produce 

recall cues. A post hoc Tukey test showed that only the 

children's acquisition mean was significantly different from 
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the adult acquisition mean and the child retention score (p 

< .05). Thus the children's m~ans were significantly lower 

at retention than acquisition but the adult means were not 

significantly different. 

The use of different measures exaggerated the 

difference between means at retention and acquisition 

reflected in the test x age interaction (F = 18.81, P > 

.0001). The adult and child mean scores were closer (2.3 

and 2.9 compared to 4.2 and 5.7) than in the above analysis 

of Japanese recall. This result suggests that English 

recall could result in more successful long-term remembering 

of the concepts associated with novel words in an unfamiliar 

language. An English recall was included in the design of 

the main study both to influence forgetting rates and to 

have an acquisition measure of the same task at retention. 

Because the direction of the test x age interaction 

showed children forgetting relatively less than adults, the 

retention interval was increased to ten days. If the 

children's rate of forgetting were projected over time, an 

absolute difference with the adults might be predicted at 

some point. The results of these changes are discussed in 

the analyses below. 

Main Study: Japanese Recall 

A 2 (age) x 2 (order) x 2 (set) x 2 (familiarity) x 2 

(test) ANOVA was performed on the errors made in the initial 



Table 11 

Lexical study: Japanese Recall 

Means and Standard Deviations for Errors on 
First Three Trials at Acquisition and Errors 

on Retention as Repeated Measure 

Main Effects Mean SO 
Age 

Child 5.838 3.132 
Adult 3.062 2.591 

Familiarity 
Familiar 3.575 2.854 
Unfamiliar 5.325 3.275 

Familiarity x age interaction 
Child at familiar 4.550 2.880 
Child at unfamiliar 7.125 2.850 

Adult at familiar 2.60 2.490 
Adult at unfamiliar 3.525 2.630 

Test x Age Interaction 
Child at acquisition 6.325 2.867 
Child at retention 5.350 3.340 

Adult at acquisition 2.675 2.291 
Adult at retention 3.450 2.837 

Note. Maximum errors at each level are 12. 
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three trials at acquisition and those on the three trials of 

the retention test as a repeated measure. The lack of 

effects for set was expected as the assignment of subjects 

to two different word sets was made solely to test the 

validity·of the selection of concrete high frequency nouns. 

Main effects were found for age (F = 16.24, P < .001) and 

familiarity (F = 38.13, P < .001). A significant 

interaction resulted for age x test (F = 6.90, P = .01) and 

for familiarity x age (F = 8.47, P = .01). The age x test 

interaction indicates that the children scored better on the 

retention test than on the acquisition test while the 

opposite was true for the adults. A Newman-Keuls test 

indicate that the children made significantly fewer errors 

at retention than at acquisition, whereas the adult means at 

acquisition and retention was not significantly different 

(p < .05). The difference between adults and children was 

significant at both acquisition and retention. 

The direction of the familiarity x age interaction 

indicates that adults and children were closer in their 

scores on familiar items than on unfamiliar items with 

children making the most errors. A Tukey post hoc test 

showed that the children's and adult's means were 

significantly different in both familiar and unfamiliar 

errors--the adults made fewer errors (p < .05)--and the 

children made significantly fewer errors on the familiar 

items but the difference was not significant for the adults. 



183 

Discussion. The main effects for age were consistent 

with the findings that adults learn second languages with 

more ease and speed than children (Harley, 1986; Krashen, 

1982; Long, 1990; Singleton, 1989). This research adds a 

dimension of validity to findings of adult superiority in 

rate of acquisition because all subjects reached an equal 

level of learning in the acquisition session. In studies of 

long-term retention of language, stage of learning is 

usually not controlled for (e.g., Bahrick, 1984; Harley, 

1986; Hildebrand and Scheibner-Herzig, 1986; Morris and 

Gerstman, 1986) and many studies of initial acquisition of 

elements of second languages or miniature artificial 

languages test subjects immediately after learning or after 

a very short retention interval (e.g., Asher and Price, 

1967; MacWhinney, 1983; Nagata, 1984). In these examples, 

acquisition and retention are conflated; ease of acquisition 

is assumed to be positively related to long-term retention. 

The results of the present study show that forgetting 

rates were different for children and adults, which is an 

hypothesis that has not been considered in the literature on 

child-adult differences in language acquisition. As the 

post hoc test in the age x test interaction indicates, 

adults made significantly fewer errors than children at both 

acquisition and retention. 

This finding adds an explanatory burden to the evidence 



that children who are immersed in a second language 

environment at an early age eventually surpass older 

children and adults. If these finding are reliable, the 

eventual attainment version of the critical period would 

have to propose a compensatory mechanism for the higher 

forgetting rates of children within the critical period. 
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Main effects for familiarity are evidence that both the 

children and the adults learned and remembered the familiar 

words better than unfamiliar ones. A critical period fast-

mapping hypothesis and a mutual exclusivity hypothesis was 

considered in this manipulation. A high sensitivity for new 

words that map to new concepts might result in stronger 

retention for new lexical forms in a second language that 

refer to novel concepts. Also if a constraint such as the 

mutual exclusivity bias (Merriman and Bowman, 1989), the 

principle of contrast (Clark, 1987) or competition 

(MacWhinney, 1987) operates to cause children to resist 

learning and remembering synonymous forms across languages, 

the unfamiliar words might be preferentially conserved in . . 

memory since they are not synonymous with any first language 

words. The lack of support for these hypotheses in the 

relative ease and memorability of the familiar words over 

the unfamiliar words gives credence to an adult advantage in 

the acquisition of a second language lexicon because of 

their advanced conceptual development and semantic 

organization. Adults simply have much less conceptual and 



semantic work to do in the second language (MacWhinney, 

1987, 1984; Keenan and MacWhinney, 1987). 
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In the age x familiarity interaction, the mean errors 

for children were closer to adults on the familiar items 

than on the unfamiliar items. This interaction was in the 

opposite direction from that predicted by a critical period 

sensitivity to new word-concept mappings and indicates that 

the unfamiliar words were more difficult to acquire and 

remember for the children than for the adults. Again; this 

might be explained by adult's superior semantic organization 

and world knowledge. The degree of unfamiliarity might 

actually be· much less for the adults who have much richer 

associations from which to elaborate the new concepts. In 

any case, these results are. evidence that rather than 

demonstrating a sensitivity for new word-concept mapping in 

a second language which might be explained by a critical 

period, the children in this study relied more than the 

adults on pre-existing concepts as an aid to learning and 

remembering novel words in a second language. 

The age x test interaction can be interpreted as a 

lower rate of forgetting relative to the difficulty of 

acquisition for the children than for the adults. In 

absolute terms, however, the adults forgot less than the 

children. From equal attainment in completeness of learning 

at acquisition, adults' mean score on retention was lower 

than the children's. The hypothesis of asymmetry is 
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supported by this interaction because a lower forgetting 

rate relative to the difficulty of acquisition suggests that 

extending the retention interval might result in an absolute 

advantage for the children. Difficulty of acquisition and 

forgetting rate were shown to be somewhat independent. 

Adults remembered less at retention than they did during the 

first three learning trials. Children remembered more at 

retention than after the first three learning trials. This 

difference in forgetting rate relative to acquisition 

difficulty could have been caused by a critical period 

sensitivity in the children. Rates of forgetting for new 

words in a second language could be lower for children than 

for adults as retention intervals increase, which could 

provide a basis for a cumulative or ultimate advantage for 

children who are immersed in a second language speech 

community at an early age. 

The direction of this interaction is opposite of the 

test x age interaction in the syntax study where children 

remembered less at retention than during the acquisition 

trials and the difference between forgetting rates of the 

adults and children was much greater than the difference 

between acquisition difficulty. It closely replicates the 

test x age interaction in the pilot study, although the 

increased length of the retention interval did not 

significantly affect the interaction. The importance of 

this demonstration of different forgetting rates for 



187 

different kinds of memory tasks lies in its developmental 

implications which will be discussed below in the comparison 

of the two studies. It should be emphasized that this 

finding supports the hypothesis of a learning-forgetting 

asymmetry for new words in an unfamiliar language. The 

implications for the critical period hypothesis is that 

children's sensitivity for language acquisition may lie in 

the lexical domain. 

This result might also be interpreted in the light of 

the Brainerd et ala trace integrity theory. Children might 

rely on encoding episodic features with the acquisition of 

new forms to a greater extent than adults whose level of 

semantic organization provide more featural bonds that could 

serve as retrieval cues. With no opportunity for relearning 

in the retention interval, the children would have a higher 

probability of responding to episodic cues that were present 

at acquisition. 

English Recall 

A 2 (age) x 2 (order) x 2 (familiarity) x 2 (test) 

ANOVA was performed using errors on the English recall 

phase of the acquisition session and the English recall test 

at retent i on as a dependent vari ab 1 e. A 11 fac.tors except 

order had significant main effects, with no significant 

interactions (age F =9.87, P < .001; test F = 6.88, P = .01; 

familiarity F = 42.88, P < .001). 
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Table 12 

Means and Standard Deviations 

of English Recall Errors 

Main effects Mean SO 
Age 

Child 4.050 2.652 
Adult 2.225 2.540 

Familiarity 
Familiar 2.225 2.105 
Unfamiliar 4.050 3.010 

Test 
Acquisition 3.575 2.990 
Retention 2.270 2.415 

Note. Maximum errors at each level are 12. 
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Discussion. The task of recalling the English 

equivalent of the Japanese word was desig~ed to provide an 

additional measure of the relationship between learning and 

retention. Bahrick (1984) found that among high school and 

college English speaking students of Spanish, long-term 

memory for English equivalents of Spanish words stabilized 

(entered "permastore" where forgetting rates were extremely 

low over decades of tiome) at higher levels than for Spanish 

equivalents of English words. Based on this evidence, the 

English recall has the potential of inducing more recall at 

retention than Japanese recall. 

At the acquisition session, the reverse recall test was 

administered immediately after the first learning trial and 

before the first review of the words. It can be considered 

an additional memory test at acquisition and therefore 

should contribute to the reduction of forgetting rates 

(Brainerd et al., 1990). However, acquisition-learning 

asymmetries in English recall may be obscured by the fact 

that this direction of learning was not continued to a 

completion criterion. 

In the retention session, the English recall was 

administered after the Japanese recall test and therefore 

errors should be reduced due to the effects of reminiscence 

(Brainerd et al., 1990). The main effects for test, in all 

likelihood, reflect reminiscence (spontaneous recovery of 
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initially forgotten items during recall) and consolidation 

(improvement of memory for some time after exposure) as the 

errors at retention are fewer than the errors at 

acquisition. Main effects for age and familiarity reflect 

the findings of the previous analysis of errors in the 

Japanese recall. Adults made fewer errors than children, 

and familiar words were easier to learn and remember than 

unfamiliar. 

Acquisition Trials to Criterion 

As a measure of difficulty of acquisition, trials 

to criterion were compared between the children and the 

adults indicating that the adults achieved criterion in 

significantly fewer trials (means: adults 5.S, children 8.0, 

T = 5.14, p < .001). The number of trials to acquisition 

were highly correlated with errors as a measurement of 

learning difficulty (errors for first three trials, r = 
.829, total errors, r = .841). 

Comparison of Pilot and Main Studies 

The test x age interaction in both the English and 

Japanese recall of the pilot study led to extending the 

interval between acquisition and retention from seven to ten 

days. If the children's forgetting rate over a longer 

period of time proved to be less than the adults', the 

differences in long-term retention would resemble the 
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proposed critical period effect in that initial acquisition 

would favor adults, whereas ultimate retention would favor 

children. In addition t9 increasing the testing interval, 

English recall trials were included in the acquisition 

session so that performance on English recall could be 

compared at acquisition and retention. The increased delay 

did not result in significantly better recall for either 

group. In the English recall of the main study, there was 

no test x age interaction. The effect of adding English 

recall to the acquisjtion trials was to reduce the 

difference between acquisition and retention overall. 

Comparison of Syntax and Lexical Study 

Although there are no common words or tasks in the 

syntax and lexical study, the fact that the studies are 

within subjects requires testing the effects of order. Also 

other relationships can be probed by directly comparing the 

syntax and lexical study. This analysis used the total 

errors in the acquisition session rather than only those 

made in the initial number of trials equivalent to the 

retention test. Using the raw score for errors, main 

effects were not interpretable but interactions can be 

interpreted when levels of the separate studies are not 

collapsed. Four significant interactions were found in a 2 

(age) x 2 (gender) x 2 (order) x 2 (study) x 2 (test) ANOVA: 

study x test (F = 38.60, p < .001), study x test x age (F = 
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5.80, P = .02), study x gender x order (F = 9.11, P < .001) 

and test x gender (F = 5.16, P = .03). The factor set 

(word/particle distinction) was not included in the analysis 

because it is not crossed with the lexical study. 

The study x test interaction shows that the relative 

difference between the scores for the syntax and lexical 

studies declined sharply from acquisition to retention. 

There were generally more trials in the acquisition sessions 

than in the retention tests and more errors possible in the 

lexical study than in the syntax study. Therefore, this 

interaction cannot be interpreted in terms of which task was 

more· difficult. Total errors may be a very good measure of 

the relative difficulty of acquisition, especially in 

comparing the two tests because the nature of the tasks is 

very different, and transformations such as percentage of 

errors over trials can reverse ranking based on trials and 

errors separately. 

The study x test interaction reflects the previous 

findings that the overall rate of forgetting was higher for 

the rules of syntax than for the words. A post hoc Tukey (p 

< .05) test shows that the means at retention were not 

significantly different. Since there were 24 possible 

errors on the lexical study and only 16 on the syntax, the 

conclusion that the forgetting rate was higher for the 

syntax study is justified. 

The study x test x age interaction shows that when 



Table 13 

Means and Standard Deviations for Interactions in 
Comparison of Studies 

Dependent Variable: Total Errors 

Study x Test Interaction 
Syntax at acquisition 
Syntax at retention 

Lexical at acquisition 
Lexical at retention 

Study x Test x Age Interaction 
Syntax Child 

acquisition 
retention 

Lexical Child 
acquisition 
retention 

Syntax Adult 
acquisition 
retention 

Lexical Adult 
acquisition 
retention 

Test x Gender Interaction 
Male acquisition 

retention 
Female acquisition 

retention 
Study x Gender x Order Interaction 

Male Syntax first 
Syntax 
Lexical 

Lexical first 
Syntax 
Lexical 

Female Syntax first 
Syntax 
Lexical 

Lexical first 
Syntax 
Lexical 

Mean 
4.70 
7.73 

10.70 
8.30 

6.05 
10.35 

14.45 
10.85 

3.35 
5.10 

6.95 
5.75 

8.16 
8.53 
7.41 
7.52 

8.91 
14.58 

7.50 
11.25 

7.37 
11 .25 

8.50 
12.58 

SO 
3.79 
5.08 

6.17 
5.49 

3.42 
3.92 

5.61 
5.59 

3.70 
4.80 

4.11 
4.10 

5.90 
5.72 
5.90 
4.70 

4.40 
5.23 

4.50 
5.20 

4.98 
5.20 

3.36 
5.00 

Note. "Maximum errors are 16 for syntax and 24 for the 

lexical study at retention. 
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using total errors as the dependent variable, the syntax 

errors increased from acquisit"ion to retention for adults 

and children while the lexical errors decreased. This 

result duplicates the direction of the significant 

difference between means in the separate analyses for syntax 

and lexical study. Adults' make more errors at acquisition 

than at retention, but more mistakes would be made at 

retention if trials were equal. The major significance of 

the interaction is that the means of children and adults 

converged at retention in the lexical study while they 

diverged in the syntax study. A post hoc Tukey test showed 

that the means were significantly different (p < .05) for 

the Syntax and Lexical studies at acquisition for both the 

children and the adults, whereas the means at retention were 

not. 

In the gender and order interactions, cell sizes were 

not equal because gender was not crossed with order. In the 

test x gender interaction, the males made more errors than 

females. Tukey and Newman-Keuls post hoc tests, however, 

showed no significant difference between any means .at the 

.05 level other than famale acquisition and male r~tention. 

The slight gender differences in this interaction collapsed 

age and therefore preclude any information about 

developmental trends which was the focus of this study. 

This was true of the study x gender x order interaction. 

Tukey post hoc tests showed that the means for males who 
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took the syntax study first were significantly higher (p < 

.05) at the syntax study than for those who took the lexical 

study first. For the females, the opposite was true. None 

of the differences in the lexical study means were 

significant. The means for the lexical study were higher 

than the means for the syntax study, but the errors on the 

two different tasks were not directly comparable. Since 

there were no main effects for order or gender, these 

results did not conflict with the conclusion that order and 

gender contributed minimally to the observed effects. 

Discussion 

Learning syntactic rules or even ~cue strengths" 

(MacWhinney, 1987) may be a fundamentally different kind of 

process, resulting in a qualitatively different kind of 

mental representation, than learning a word. Differences in 

forgetting rates may reflect differences in rates of 

encoding into different types of mental representations 

rather than in the durability of memory traces. The 

relative closeness of the scores at lexical retention, being 

based on declarative knowledge in both acquisition and 

retrieval, might reflect developmental trends in forgettlng 

rates. Such an interpretation would imply that the child

adult differences in memory observed in this experiment were 

not due to the effects of critical period sensitivity but 

rather to different types of mental representation that 
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dominate different levels of learning. 

In fuzzy-trace theory (Brainerd and Reyna, 1990; Reyna 

and Brainerd, 1992) memory encodes ?oth gist and verbatim 

features of a stimulus with a preference for gist 

processing, but lack of knowledge and experience in the 

adult world leaves children relying more on verbatim memory 

early in the course of acquiring complex rules or schemas. 

The possibility of differences in encoding episodic 

features raised-above (Brainerd et al., 1990) is suggestive 

for the different forgetting rates of the lexical and 

syntactical material. The abstract nature of the 

syntactical material could make gist representation more 

difficult during initial acquisition. The integration of 

featural bonds with an abstract semantic core may be 

inherently weaker or degenerate faster than in the case of 

traces with a concrete semantic core and hence result in 

retrieval or storage failure sooner. Brainerd et al. (1990) 

found that abstract nouns were more difficult to learn and 

remember than words or pictures. 

The implications of the results of this study for the 

biologi~al concept of critical period are perhaps most 

. clearly suggested by the lack of support for an overall 

advantage for children in learning language. Penfield and 

Roberts (1959) and Lenneberg (1967) directed research toward 

a global phenomenon, involving all language skills, because 

they believed that language functioning became highly 
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localized in the brain over the course of maturation and 

that this specialization was accompanied by a loss of 

plasticity. Case studies of deprived children seemed to 

confirm the general nature of language deficiencies for late 

learners of primary language, and neurological studies, such 

as Ojemann's (1983) electrostimulation mapping of cortical 

speech areas in bilinguals, seemed to support the view that 

language functioning was extremely localized in the brain. 

However, the only unequivocal evidence for a critical period 

sensitivity to language was for phonemic perception in 

infants (Emias, et al., 1971). Many biological critical 

periods are extremely circumscribed in terms of.duration, 

critical stimulus and critical system (see Hubel and Wiesel, 

1963). The current study found that children remembered 

words better than syntactic rules. Although there may be 

many alternative explanations for this result, it does not 

support a global effect of a critical period for language 

learning. It suggests instead that children's sensitivity 

for linguistic input might be narrowly focused on discrete 

perceptual features. 

Neufeld (1980) asserts that the evidence for an adult 

disadvantage in phonology may be unrelated to language per 

se but rather reflects a decline in articulatory capacity. 

If children's long-term memory for new lexical items were 

superior to adults', language or a critical period for 

language might be similarly uninvolved. A good memory for 
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words at a given stage of development might reflect the 

general development of memory or differences in the rate of 

forgetting of comple~ely novel information and elaboration 

on already learned information. 

Summary 

The hypothesis that children will demonstrate an 

acquisition-retention asymmetry in terms of the relationship 

between the difficulty of acquisition and the amount of 

forgetting was not supported in the syntax study in which 

relative difficulty at acquisition was associated with a 

higher rate of forgetting at retention. An analysis of all 

errors in the first four trials at acquisition and the 

errors in the four trials of the retention test resulted in 

main effects for all factors--age, set and test. 

The main effect for age was interpreted as evidence 

that children have higher rates of forgetting of syntactical 

rules than adults given equivalent stages of learning. This 

evidence is consistent with findings of initial adult 

superiority in rate of acquisition of second languages and 

militates against a critical period hypothesis based on 

preferential conservation in memory of syntactical rules. 

The main effect for set was interpreted as evidence that the 

sentences containing particles were easier to acquire and 

remember for all subjects than the sentences with invariant 

word order and no particles. This was construed as 



evidence that children's purported preference for local 

semantic markers in initial acquisition did not result in 

higher memory strength relative to adults and hence could 

not be summoned as an explanation for critical period 

effects. 
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The significant test x age interaction was interpreted 

as evidence that forgetting rates for syntactic rules change 

over development. In this case, children had higher 

forgetting rates than adults, a finding that does not 

support an asymmetry favoring children. Ad~lt performance 

.is the standard by which an age x test interaction could be 

judged as evidence for a learning-forgetting asymmetry. To 

reach that conclusion, the children's retention performance 

would have to approach or surpass the adults'. 

Three independent contrasts were analyzed based on 

different types of errors: animate-animate versus animate

inanimate noun pairs, complex versus simple morphemes, and 

semantically meaningful versus purely phonetic morphemes. 

All of these manipulations were designed to capture 

differences in acquisition or retention based on constraints 

or biases that have been observed or hypothesized to operate 

in children acquiring first ianguages. There were no 

effects that could be interpreted as evidence for a 

learning-forgetting asymmetry favoring children. These 

dependent variables resulted in the same pattern of effects 

as the analysis of undifferentiated errors: Adults 



demonstrated superiority in acquisition performance and 

forgetting rates. 
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In the lexical study, the errors on the first three 

trials at acquisition and the three trials of the retention 

test were analyzed as a repeated measure. Main effects for 

age and familiarity were interpreted as evidence that adults 

learn and remember words in a second language better than 

children and that all subjects learn and remember familiar 

words better than unfamiliar words. The hypothesis that 

children would remember new word-concept pairs better than 

adults or better than new words for existing concepts was 

not supported. In fact, an age x familiarity interaction 

was interpreted as evidence that children's rate of 

forgetting the unfamiliar concepts was greater than that of 

the adults'. Of all the analyses, a test x age interaction 

was the only evidence interpretable as an aCQuisition

retention asymmetry that affected children favorably. In 

this interaction the children's retention scores were much 

closer to the adults' than their acquisition scores. This 

result raises the question of whether a longer retention 

interv~l might result in superior performance for the 

children. 

A combined analysis of both studies tested for order 

and gender effects and the relationships between the two 

kinds of memory tasks. The interaction between order and 

test and between test and gender were found to have a 
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minimal contribution to effects observed in the study. 

In both the syntax and the lexical study, the number of 

trials to criterion were compared resulting in evidence that 

difficulty of acquisition was greater for children than for 

adults. Trials to criterion was found to correlate highly 

with the other measures of difficulty of acquisition. 

All the studies revealed a significantly lower absolute 

forgetting rate for the adults, a result consistent with the 

trace integrity theory and experimental evidence of Brainerd 

et al. (1990). The results of the present study extend the 

empirical bases for models of developmental differences in 

learning and forgetting. 
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CHAPTER 5 

SUMMARY AND CONCLUSIONS 

This study was concerned with the continued ambiguity 

of empirical evidence relating to the construct of critical 

period in the acquisition of second languages. The bases 

and extent of this ambiguity was researched in a review of 

empirical studies and theoretical explanations of the 

critical period. A study was designed to test a version of 

the critical period hypothesis that has attained the widest 

acceptance among those who believe the evidence supports the 

existence of a critical period for second language learning. 

Briefly, this version states that, initially, older learners 

acquire a second language more quickly than children within 

the critical period, but eventually the learner who begins 

earlier will surpass the late beginner. The implication is 

that the rate of acquisition and the durability of memory 

for the material acquired are not symmetrically related. 

Adults may learn a new language faster but have a less 

permanent or thorough memory for some or all aspects of the 

language. 

The study proposed the general hypothesis that the rate 

of forgetting is different for children and adults when they 

have learned material in an unfamiliar language to an 
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equivalent level of completeness. This hypothesis was 

applied to specific aspects of language and hypothetical 

processes involved in language acquisition. The hypothesis 

was tested in two experiments using Japanese, one involving 

memory for syntactical· rules and the other memory for words. 

The same subjects, adults and children who knew no Japanese, 

participated in both experiments. 

The results of these experiments support the following 

conclusions: 

1. Children and adults forgot syntactical rules at 

different rates when stages of learning were equal. 

However, this difference cannot be invoked as support for a 

critical period in second language learning because the rate 

of forgetting was higher for children. 

2. Children and adults both learned and remembered 

sentences marked with postposed particles better than 

sentences that rely only on word order. There was no 

evidence that children employed different strategies or 

biases than did the adults. 

3. Adults and children forgot sentences formed with 

animate nouns for both subject and object a~ higher rates 

than sentences formed with an animate subject and an 

inanimate object. Adults had lower forgetting rates for 

both types of sentences, a result that does not support the 

critical period hypothesis . 

. 4. Children and adults forgot simple rules and compound 
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rules at comparable rates. Rules for forming compound 

morphemes were somewhat more difficult to learn and remember 

than those for simple morphemes. The adults forgot both 

rules less, overall, than the children. This result does 

not support an explanation of the critical period based on a 

learning-forgetting asymmetry for simple rules. 

5. Children and adults forgot a rule requiring a purely 

phonetic morpheme at a higher rate than a formally similar 

rule for a semantically meaningful morpheme. Since adults 

demonstrated lower forgetting rates than children for both 

rules, there is no support in this finding for the critical 

period hypothesis. 

6. Children and adults both forgot novel words for 

unfamiliar concepts at a higher rate than novel words for 

familiar concepts. However, children forgot unfamiliar 

words at a higher rate relative to the adults than in the 

case of the fami1iar words. This finding contradicts the 

hypothesis that children may have a special sensitivity for 

learning and remembering new word-concept mappings in a 

second language. The phenomenon of fast-mapping may be 

limited to primary language acquisition. 

7. Children forgot new words at a lower rate relative 

to difficulty of acquisition than did adults. This finding 

supports the hypothesis of a learning-forgetting asymmetry 

for novel words in an unfamiliar language. 

8. Children forgot English equivalents for words in an 
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unfamiliar language at a higher rate than adults. 

9. Children and adults forgot rules of syntax and words 

at different rates. 

To summarize, equal levels of learning in an initial 

exposure resulted in higher rates of forgetting for children 

than for adults when the items learned were syntactical 

rules; when the items learned were words, the forgetting 

rates tended to converge. In other words, there was some 

evidence for a critical period effect for lexical items in a 

second language. However, ~his effect did not constitute 

an advantage for children compared to adults. 

The results of this study do not support a critical 

period sensitivity for language globally, as adults 

consistently learned and remembered the items in the study 

better than the children. If the learning-forgetting 

asymmetry for words discovered in the study is an indication 

of children's critical sensitivity for language, other types 

of linguistic input are likely to result in a similar 

pattern of learning and forgetting. A sensitivity that 

operates solely in reducing forgetting rates for words does 

not seem capable of explainin.9 the general nature of 

differences in ability between late and early second 

language learners. Perhaps empirically observed critical 

period effects can be explained without appealing to a 

syntactical language acquisition mechanism but rather by the 

combined effect of children's lexically sensitive memory and 
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superior phonological ability. 

In light of the above, the finding of differences in 

the forgetting rates for words and rules in children should 

be considered suggestive for further study of acquisition

forgetting asymmetries for specifically linguistic forms and 

functions. An unambiguous and robust finding of this study 

is that acquisition was more difficult and forgetting rates 

were higher for children in all the analyses. This result 

supports the trace integrity model of long-term retention 

and adds data concerning second language acquisition to the 

body of empirical evidence shaping our understanding of 

developmental differences in learning and forgetting. 

Second language acquisition can be explained much more 

parsimoniously and consistently by memory theory than by 

psycholinguistic theories involving innate constraints or 

universal grammars. 

Educational Implications 

The general issue of the existence of the critical 

period for second language learning and its role in 

affecting successful language learn~ng at different ages is 

obviously of major interest to language educators. The 

critical period debates have been waged internationally by 

educational policy makers in bilingual education and foreign 

language programs in the elementary schools. The optimal 

age question is of no small interest to adult programs in 
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academic and vocational settings. The importance of the 

social and educational programs and policies that invoke 

optimal age evi~ence to justify decisions obligates science 

to establish a reliable data base and stable constructs. 

The particular focus of this study has implications 

beyond language learning and the optimal age question. 

Investigating the relationship between acquisition and 

retention in the basic early school curriculum may lead to a 

re-evaluation of the assumption that the ease and speed of 

acquisition are equivalent to accessibility in long-term 

retention. 

Limitations of the Study 

A major objection to interpreting the results of this 

study as evidence in the debate on the critical period in 

second language learning is that most proponents of 

children's special abilities to acquire language stress the 

importance of the input occurring in natural, 

communicatively motivated interactions. The present study 

does not claim that the experimental tasks simulate natural 

language learn~ng. The effect on learning and memory of the 

many interrelated sociolinguistic and motivational factors 

that operate in the context of natural language learning 

must be investigated in studies that isolate and control 

such variables. 

Also, these results cannot be generalized to children 
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outside the age range of the children in the study. 

Critical periods in biological development are often 

confined to a very short time spans. The narrow age range 

of the children in this study may be outside the age of 

sensitivity for particular linguistic stimuli. Perhaps 

opening and closing of such sensitive phases continue into 

maturity. Studies focused on critical period effects in 

second language acquisition should not only be conducted at 

as wide an age range as feasible within childhood, but also 

at points throughout development. 

Future Research 

The current state of ambiguity surrounding age and 

second language acquisition and the limitations of the 

present study suggest the need for continued research in 

several directions. Generally, the attempts to explain the 

mechanisms of a critical period for second language learning 

are premature. The first priority is for more descriptive 

studies that can establish unequivocally whether such a 

critical period exists or not. 

More detailed studies of memory development applied to 

specific aspects of language are needed. Investigating the 

effects of different patterns of practice or review and 

different retention intervals for different age groups could 

provide understanding of optimal ages for different learning 

strategies. Also, long-term memory studies should include 
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ages throughout the life span and should investigate special 

populations such as gifted language learners, children who 

fail to acquire second languages, adults isolated from 

contact with their native language and multilinguals. 

More detailed longitudinal studies are needed to track 

the myriad variables proposed to interact with age and 

second language learning. Also, more cross-linguistic 

studies are needed to provide stable models in the 

psychology of language. 

Studies focused on finding critical period effects in 

the late learner's failure to achieve near-native competence 

overlook the tremendous range of individual achievement. 

Different measurements of competence need to be incorporated 

in studies of achievement in second language learning. 

Joseph Conrad, the most cited anecdotal case study of late 

language learning, was certainly far beyond the average 

native speaker in some areas of English language skills in 

spite of retaining some fossilized forms. 

Finally, empirical evidence is needed at different 

.levels of analysis. Finding critical period effects does 

not explain age differences; rather it is the phenomenon 

that needs to be explained. A critical period is explained 

only when the critical systems, the critical stimulus and 

critical outcomes are understood at each level of 

organization underlying behavior. 
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APPENDIX A 

ANOVA SOURCE TABLES 

Syntax Study 

Dependent Variable: All errors in the first four acquisition trials 
and errors at retention as a repeated measure. 

2 (age) x 2 (order) x 2 (set) x 2 (test) 

SOURCE SUM OF DF MEAN F TAIL 
SQUARES SQUARE PROBe 

OVALL: GRAND MEAN 2989.01250 1 2989.01250 162.12 0.00 
a: age 348.61250 1 348.61250 18.91 0.00 
0: order 17.11250 1 17 .11250 0.93 0.34 
s: set 324.01250 1 324.01250 17.57 0.00 
ao 25.31250 1 25.31250 1.37 0.25 
as 30.01250 1 30.01250 1.63 0.21 

os 40.61250 1 40.61250 2.20 0.15 
aos 2.81250 1 2.81250 0.15 0.70 
ERROR 590.00000 32 18.43750 

T 177.01250 1 177.01250 29.38 0.00 
(T) X (a: age) 35.11250 1 35.11250 5.83 0.02 
(T) X (0: order) 0.01250 1 0.01250 0.00 0.96 
(T) X (s: set) 1.51250 1 1. 51250 0.25 0.62 
(T) X (ao) 15.31250 1 15.31250 2.54 0.12 
(T) X (as) 27.61250 1 27.61250 4.58 0.04 
(T) X (os) 0.01250 1 0.01250 0.00 0.96 
(T) X (aos) 2.11250 1 2.11250 0.35 0.56 
ERROR 192.80000 32 6.02500 
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SYNTAX ERRORS ON ANIMATE/INANIMATE SUBJECT-OBJECT NOUNS 

2 (age) x 2 (order) x 2 (particle/word order group) x 2 (subject-object 
noun type) x 2 (test) 

SOURCE SUM OF OF MEAN F TAIL 
SQUARES SQUARE PROS. 

OVALL: GR.6"~O MEAN 1476.22500 1 1476.22500 146.07 0.00 
A: Age 176.40000 1 176.40000 17.45 0.00 
0: Order 15.62500 1 15.62500 1.55 0.22 
G: Group 172.22500 1 172.22500 17.04 0.00 
AO 12.10000 1 12.10000 1.20 0.28 
AG 4.90000 1 4.90000 0.48 0.49 

OG 18.22500 1 18.22500 1.80 0.19 
AOG 0.90000 1 0.90000 0.09 0.77 
ERROR 323.40000 32 10.10625 

T 60.02500 1 60.02500 17.85 0.00 
(T) X (A: Age) 10.00000 1 10.00000 2.97 0.09 
(T) X (0: Order) 0.62500 1 0.62500 0.19 0.67 
(T) X (G: Group) 0.02500 1 0.02500 0.01 0.93 
(T) X (AO) 3.60000 1 3.60000 1.07 0.31 
(T) X (AG) 25.60000 1 25.60000 7.61 0.01 
(T) X (OG) 0.62500 1 0.62500 0.19 0.67 
(T) X (AOG) 0.90000 1 0.90000 0.27 0.61 
ERROR 107.60000 32 3.36250 

N 19.60000 1 19.60000 9.86 C.OO 
(N) X (A: Age) 1.22500 1 1.22500 0.62 0.44 
eN) X (0: Order) 1.60000 1 1.60000 0.81 0.38 
(N) X (G: Group) 0.40000 1 0.40000 0.20 0.66 
eN) X (AO) 0.02500 1 0.02500 0.01 0.91 
eN) X (AG) 1.22500 1 1.22500 0.62 0.44 
(N) X (OG) . 0.10000 1 0.10000 0.05 0.82 
(N) X (AOG) 0.22500 1 0.22500 0.11 0.74 
ERROR 63.60000 32 1.98750 

TN 2.50000 1 2.50000 1.14 0.29 
(TN) X (A: Age) 1.22500 1 1.22500 0.56 0.46 
(TN) X (0: Order) 0.40000 1 0.40000 0.18 0.67 
(TN) X (G: Group) 0.40000 1 0.40000 0.18 0.67 
(TN) X (AO) 5.62500 1 5.62500 2.56 0.12 
(TN) X (AG) 0.22500 1 0.22500 0.10 0.75 
(TN) X (OG) 0.40000 1 0.40000 0.18 0.67 
(TN) X (AOG) 0.02500 1 0.02500 0.01 0.92 
ERROR 70.20000 32 2.19375 
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ERRORS ON SIMPLE AND COMPOUND MORPHEMES 

2 (age) x 2 (order) x 2 (morphem type) x 2 (test) 

SOURCE SUM OF OF MEAN F TAIL 
SQUARES SQUARE PROBe 

OVALL: GRAND MEAN 336.20000 1 336.20000 83.01 0.00 
A: Age 105.80000 1 105.80000 26.12 0.00 
0: Order 5.00000 1 5.00000 1.23 0.28 
AO 16.20000 1 16.20000 4.00 0.06 
ERROR 64.80000 16 4.05000 

T 28.80000 1 28.80000 11.02 0.00 
(T) X (A: Age) 20.00000 1 20.00000 7.66 0.01 
(T) X (0: Order) 3.20000 1 3.20000 1.22 0.28 
(T) X (AO) 7.20000 1 7.20000 2.76 0.12 
ERROR 41.80000 16 2.61250 

M 12.80000 1 12.80000 4.92 0.04 
(M) X (A: Age) 0.80000 1 0.80000 0.31 0.59 
(M) X (0: Order) 5.00000 1 5.00000 1.92 0.18 
(M) X (AO) 9.80000 1 9.80000 3.77 0.07 
ERROR 41.60000 16 2.60000 

TM 1.80000 1.80000 0.83 0.38 
(TM) X (A: Age) 0.20000 0.20000 0.09 0.76 
(TM) X (0: Order) 7.20000 7.20000 3.33 0.09 
(TM) X (AO) 7.20000 7.20000 3.33 0.09 

ERROR 34.60000 16 2.16250 
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SYNTAX STUDY 
SEMANTIC-PHONETIC MORPHEME CONTRAST 

2 (age) x 2 (order) x 2 (phonetic-semantic morphem) x 2 (test) 

SOURCE SUM OF OF MEAN F TAIL. 
SQUARES SQUARE FROB. 

OVALL: GRAND MEAN 352.80000 1 352.80000 92.54 0.00 
A: Age 18.05000 1 18.05000 4.73 0.04 
0: Order 7.20000 7.20000 1.89 0.19 
AO 2.45000 1 2.45000 0.64 0.43 
ERROR 61.00000 16 3.81250 

T 20.00000 1 20.00000 14.41 0.00 
(T) X (A: Age) 0.05000 1 0.05000 0.04 0.85 
(T) X (0: Order) 0.20000 1 0.20000 0.14 0.71 
(T) X (AO) 6.05000 1 6.05000 4.36 0.05 
ERROR 22.20000 16 1.38750 

M 7.20000 1 7.20000 6.78 0.02 
(M) X (A: Age) 4.05000 1 4.05000 3.81 0.07 
(M) X (0: Order) 0.20000 1 0.20000 0.19 0.67 
(M) X (AO) 4.05000 1 4.05000 3.81 0.07 
ERROR 17.00000 16 1.06250 

TM 0.20000 1 0.20000 0.39 0.54 
(TM) X (A: Age) 0.45000 1 0.45000 0.88 0.36 
(TM) X (0: Order) 0.20000 1 0.20000 0.39 0.54 
(TM) X (AO) 0.45000 1 0.45000 0.88 0.36 
ERROR 8.20000 16 0.51250 
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Syntax Study Trials 

Dependent Variable: Trials to Criterion 

2 (age) x 2 (order) x 2 (particle/word order set) 

SOURCE SUM OF OF MEAN F TAIL 
SQUARES SQUARE PROBe 

OVAlL: GRAND MEAN 1742.40000 1 1742.40000 733.64 0.00 
A: Age 25.60000 1 25.60000 10.78 0.00 
0: Order 3.60000 1 3.60000 1.52 0.23 
S: Set 25.60000 1 25.60000 10.78 0.00 
AO 0.40000 1 0.40000 0.17 0.68 
AS 6-.40000 1 6.40000 2.69 0.11 
OS 3.60000 1 3.60000 1.52 0.23 
AOS 0.40000 1 0.40000 0.17 0.68 
ERROR 76.00000 32 2.37500 
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Pilot Study 

Japanese Lexical Recall 

Dependent Variable: Errors on First Three Trials 
at Acquisition and Errors at Retention as Repeated Measure 

SOURCE SUM OF DF MEAN F TAIL 
SQUARES SQUARE PROS. 

OVALL: GRAND MEAN 4473.22500 1 4473.22500 156.76 0.00 
A: Age 384.40000 1 384.40000 13.47 0.00 
ERROR 1084.37500 38 28.53618 

T 13.22500 1 13.22500 1.12 0.30 
(T) X (A: Age) 129.60000 1 129.60000 10.99 0.00 
ERROR 448.17500 38 11.79408 

F 102.40000 1 102.40000 34.94 0.00 
(F) X (A: Age) 7.22500 1 7.22500 2.47 0.12 
ERROR 111. 37500 38 2.93092 

TF 0.90000 1 0.90000 0.28 0.60 
(TF) X (A: Age) 11.02500 1 11.02500 3.38 0.07 
ERROR 124.07500 38 3.26513 
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Pilot Study 

English Lexical Recall 

Dependent Variable: Errors on First Three Acquisition Trials 
and Errors on English Recall at Retention as Repeated Measure 

SOURCE SUM OF OF MEAN F TAIL 
SQUARES SQUARE PROS. 

OVALL: GRAND MEAN 2656.90000 1 2656.90000 120.34 0.00 
A: Age 291.60000 1 291.60000 13.21 0.00 
ERROR 839.00000 38 22.07895 

T 348.10000 1 348.10000 35.42 0.00 
(T) X (A: Age) 184.90000 1 184.90000 18.81 0.00 
ERROR 373.50000 38 9.82895 

F 70.22500 1 70.22500 23.36 0.00 
(F) X (A: Age) 0.02500 1 0.02500 0.01 0.93 
ERROR 114.25000 38 3.00658 

TF 5.62500 1 5.62500 2.26 0.14 
(TF) X (A: Age) 1.22500 1 1.22500 0.49 0.49 
ERROR 94.65000 38 2.49079 
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LEXICAL STUDY 

2 (age) x 2 (order x 2 (familiarity) x 2 (test) 

Dependent Variable errors in first three acquisition trial 

with error ~t retention as repeated measure 

SOURCE SUM OF OF MEAN F TAIL 
SQUARES SQUARE PROBe 

OVALL: GRAND MEAN 3168.40000 1 3168.40000 167.09 0.00 
A: Age 308.02500 1 308.02500 16.24 0.00 
0: Order 0.40000 1 0.40000 0.02 0.89 
AO 24.02500 1 24.02500 1.27 0.27 
ERROR 682.65000 36 18.96250 

T 0.40000 1 0.40000 0.09 0.77 
(T) X (A: Age) 30.62500 1 30.62500 6.90 0.01 
(T) X (0: Order) 0.40000 1 0.40000 0.09 0.77 
(T) X (AO) 4.22500 1 4.22500 0.95 0.34 
ERROR 159.85000 36 4.44028 

F 122.50000 1 122.50000 38.13 0.00 
(F) X (A: Age) 27.22500 1 27.22500 8.47 0.01 
(F) X (0: Order) 12.10000 1 12.10000 3.77 0.06 
(F) X (AO) 2.02500 1 2.02500 0.63 0.43 
ERROR 115.65000 36 3.21250 

TF 4.90000 1 4.90000 1.97 0.17 
(TF) X (A: Age) 9.02500 1 9.02500 3.62 0.06 
(TF) X (0: Order) 16.90000 1 16.90000 6.79 0.01 
(TF) X (AO) 3.02500 1 3.02500 1.21 0.28 
ERROR 89.65000 36 2.49028 



219 

LEXICAL STUDY ENGLISH RECALL 
DEPENDENT VARIABLE ERROR AT ACQUISITION AND RETENTION 

2 (age) x 2 (order) x (familiarity) x 2 (test) 

SOURCE SUM OF OF MEAN F TAIL 
SQUARES SQUARE PROB. 

OVALL: GRAND MEAN 1575.02500 1 1575.02500 116.66 0.00 
A: Age 133.22500 1 133.22500 9.87 0.00 
0: Order 44.10000 1 44.10000 3.27 0.08 
AO 0.10000 1 0.10000 0.01 0.93 
ERROR 486.05000 36 13.50139 

T 30.62500 1 30.62500 6.88 0.01 
(T) X (A: Age) 5.62500 1 5.62500 1.26 0.27 
(T) X (0: Order) 2.50000 1 2.50000 0.56 0.46 
(T) X (AO) 3.60000 1 3.60000 0.81 0.37 
ERROR 160.15000 36 4.44861 

F 133.22500 1 133.22500 42.88 0.00 
(F) X (A: Age) 9.02500 1 9.02500 2.90 0.10 
(F) X (0: Order) 2.50000 1 2.50000 0.80 0.38 
(F) X (AO) 4.90000 1 4.90000 1.58 0.22 
ERROR 111.85000 36 3.10694 

TF 1.22500 1 1.22500 0.63 0.43 
(TF) X (A: Age) 0.02500 1 0.02500 0.01 0.91 
(TF) X (0: Order) 0.40000 1 0.40000 0.21 0.65 
(TF) X (AO) 0.10000 1 0.10000 0.05 0.82 
ERROR 69.75000 36 1. 93750 
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COMPARISON OF STUDIES 
DEPENDENT VARIABLE TOTAL ERRORS IN SYNTAX AND LEXICAL STUDIES 

2 (age) x 2 (gender) x 2 (order) x 2 (study) x 2 (test) 

SOURCE SUM OF OF MEAN F TAIL 
SQUARES SQUARE PROB. 

OVALL: GRAND MEAN 9939.50104 1 9939.50104 227.69 0.00 
A: Age 938.12604 1 938.12604 21.49 0.00 
G: Gender 0.37604 1 0.37604 0.01 0.93 
0: Order 17 .87604 1 17.87604 0.41 0.53 
AG 40.42604 1 40.42604 0.93 0.34 
AO 94.37604 1 94.37604 2.16 0.15 

GO 135.75104 1 135.75104 3.11 0.09 
AGO 36.42604 1 36.42604 0.83 0.37 
ERROR 1396.89583 32 43.65299 

S 313.95937 1 313.95937 16.25 0.00 
(S) X (A: Age) 66.67604 1 66.67604 3.45 0.07 
(S) X (G: Gender) 6.83437 1 6.83437 0.35 0.56 
(S) X (0: Order) 3.38437 1 3.38437 0.18 0.68 
(S) X (AG) 0.12604 1 0.12604 0.01 0.94 
(S) X (AO) 2.92604 1 2.92604 0.15 0.70 
(S) X (GO) 175.95937 1 175.95937 9.11 0.00 
(S) X (AGO) 23.12604 1 23.12604 1.20 0.28 
ERROR 618.22917 32 19.31966 

T 4.13437 1 4.13437 0.67 0.42 
(T) X (A: Age) 0.23437 1 0.23437 0.04 0.85 
(T) X (G: Gender) 31.90104 1 31.90104 5.16 0.03 
(T) X (0: Order) 14.75104 1 14.75104 2.39 0.13 
(T) X (AG) 0.00937 1 0.00937 0.00 0.97 
(T) X (AO) 2.70937 1 2.70937 0.44 0.51 
(T) X (GO) 0.23437 1 0.23437 0.04 0.85 
(T) X (AGO) 1.58437 1 1.58437 0.26 0.62 
ERROR 197.64583 32 6.17643 

ST 291.50104 1 291. 50104 38.60 0.00 
(ST) X (A: Age) 43.77604 1 43.77604 5.80 0.02 
(ST) X (G: Gender) 1.00104 1 1.00104 0.13 0.72 
(ST) X (0: Order) 2.30104 1 2.30104 0.30 0.58 
CST) X (AG) 2.50104 1 2.50104 0.33 0.57 
CST) X (AD) 8.25104 1 8.25104 1.09 0.30 
(ST) X (GO) 1.75104 1 1. 75104 0.23 0.63 
(ST) X (AGO) 27.67604 1 27.67604 3.67 0.06 
ERROR 241.64583 32 7.55143 
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Syntax: Phonetic/Meaningful Morpheme 
Test x Age x Order Interaction 
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APPENDIX C: HUMAN SUBJECTS APPROVAL LETTER 
r I"1t :.J:'\tl\:t!:~.~.. :, 

Hum.ln 'uC'"ln.t ('~mm.n",," ARIZONA 
May 1, 1992 

:..-J. __ 

Paul D. Boswell, M.A. 
c/o Valerie Reyna, Ph.D., Adviser 
Department of Educational Psychology 
Main campus 

I"'«I;\; w~~ ,.~. 
T u,- oc" .. ft "'n:,":"'.. :- .. 
.~~ ~!b·"":-:: ~ ~ .. " 

RE: lISe A92.S6 THE CRI'::c.u. PERIOD HYPOTHESIS IN SECOND LA.NGUAG~ 
ACQOI:SITION: CHI~-ADULT DIFFERENCES IN LANGUAGE PROCESSING 

Dear Hr. Boswell: 

We received your above re::arenced research proposaL :'!le procedur~s 
to be followed in this s-cudy pose no more than mi!li.:nal risk -::: 
participating subjects. ~equlations issued by the U.S. Departmen-: 
of Health and Human Se:-J'ices [45 ern Part 46.110(::') j author:'ze 
approval of this type project through the expedited revieli 
procedures, with the c::Indition(s) that subject:s' anonymity be 
maintained. Although full committee review is not requi:ed, a brie: 
summary of the project procedures is submitted to the COmmittee for 
their endorsement and/or cOmJl1ent, if any, after adlni:u.strative 
approval is granted. This project is approved effective 1 Hay 1992 
for a period of one year. 

The HUman Subjects Commi~ee (Institutional Review Board) of the 
University of Arizona has a current assurance of cOll\pliance, nUlllbe:
H-1.2JJ, which is on file with the Departlnent of Health arid Hwnan 
Services and covers this aCtivity. 

Approval is granted with the understanding that no further changes 
or additions will be made either to the procedures followed or to 
the consent formes) used (copies of which we have on file) withou"t. 
the knowledge and approval of the Hwnan Subjects Committee and your 
College or Departmental. Review Committee. Any research related 
physical. or psychological harm to any subj ect must also be reported 
to each committee. ' 

A university policy requires that all signed subject consent forms 
be kept in a permanent file in an area designated for that purpose 
by the Department Head or comparable authority. This will assure 
their accessibility in the event that university officials require 
the information and the principal investigator is unavailable for 
some reason. 

Sincerely yours, 

w:r V,,_ f;;S~ 
William F. Denny, M.D. 
Chairman 
Human Subjects Committee 

WFD:rs 
cc: Departmental/College Review Comcittee 
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