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Abstract

This thesis examines two theories of the acquisition and representation of inflection (e.g.
English past tense formation), focusing on children’s overregularization errors such as goed
and wented. On the "rule" view, suggested by Pinker and Prince (1988), regular forms (e.g.
walk-walked) are created by the on-line application of symbolic, default rule (add -ed to
form the past tense), while irregular forms are retrieved from an associative memory. The
alternative "connectionist" view, suggested by Rumelhart and McClelland, is that systems
of rules and exceptions could be represented by single uniform associative connectionist
network which contains no rules. These two views are considered with respect to four
systems of inflection: the formation of plural and past tense forms in Englich, and plural
and participle forms in German.

Parts 2 and 3 focus on children’s overregularization errors, such as foots and mans. On the
symbolic view, such errors are caused by the application of the default rule whenver an
irregular cannot be retrieved from memory. On the connectionist view, overregulanzations
are caused when irregular words are drawn by an analogical process to regular words. A
study of 11,521 irregular past tense utterances in the spontaneous speech of 83 children.
The major results were as follows: (1) Overregularization errors are relatively rare (median
2.5% of irregular past tense forms), suggesting that there is no qualitative defect in
children’s grammars that must be unlearned. (2) Overregularization occurs at a roughly
constant low rate from the two’s into the school-age years, affecting most irregular verbs.
(3) Though overregularization errors never predominate, one aspect of their purported U-
shaped development was confirmed quantitatively: an extended period of correct
performance precedes the first error. (4) Overregularization does not correlate with
increases in the number or proportion of regular verbs in parental speech, children’s speech,
or children’s vocabularies. Thus the traditional account in which memory operates before
rules cannot be replaced by a connectionist alternative in which a single network displays
rotelike or rulelike behavior in response to changes in input statistics. (5)
Overregularizations first appear when children begin to mark regular verbs for tense
reliably (i.e., when they stop saying Yesterday I walk). (6) The more often a parent uses an
irregular form, the less often the child overregularizes it. (7) Verbs are protected from
overregularization by similar-sounding irregulars, but are not attracted to overregularization
by similar-sounding regulars, suggesting that irregular patterns are stored in an associative
memory with connectionist properties, but regulars are not.
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A study of English pluralization confirms these basic findings. The data are from the
speech of 10 English speaking children taken from the CHILDES database (MacWhinney
and Snow 1985, 1990). The overall rate of noun overregularization is low, mean = 8.5%,
demonstrating that children prefer correct to overregularized forms. Children’s rates of
noun overregularization are not significantly different from their rates of verb
overregularization, and noun plurals, like verb past tenses, follow a u-shaped developmental
curve in which correct irregulars precede the first overregularized forms. These facts
suggest that plural and past tense overregularizations are caused by similar underlying
processes. The results pose challenges to connectionist models, but are consistent with
Marcus, et al.’s (1992) blocking-and-retrieval-failure model in which regulars are generated
by a default rule while irregulars are retrieved from the lexicon.

Contrary to connectionist accounts, these effects are not due to regular words being in the
majority. The German participle -f and plural -s apply to minorities of words. Two
experiments eliciting ratings of novel German words show that the affixes behave like their
English counterparts, as defaults. Thus default suffixation is not due to numerous regular
words reinforcing a pattern in associative memory, but to a memory-independent, symbol-
concatenating mental operation.

Thesis Supervisor: Professor Steven Pinker
Title: Professor of Brain and Cognitive Sciences
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Preface

This thesis is divided into four Parts that were written to stand separately, and hence

refer to each other as separate entities.

Part I is concerned with the question of whether children require "negative evidence"
(i.e., parental feedback about which strings of words are not grammatical sentences) (o
eliminate their ungrammatical utterances. Lacking negative evidence, a child would require
internal mechanisms to unlearn grammatical errors. Several recent studies claim that
parents tend to react differently to their children depending on whether children speak
correctly or make grammatical errors. For example, parents are more likely to repeat
grammatical sentences verbatim than ungrammatical sentences. These patterns are argued

to be provided to the child as corrective feedback.

Part I argues that this sort of feedback is too statistically unreliable to be able to have
any effect. Moreover, this feedback is too variable, both within individual studies and
across cultures, to be necessary for language acquisition. Finally, I show that the claim that
parents respond differently according to whether children speak grammatically was based
on a methodological artifact. Therefore, corrective feedback is unlikely to be necessary for
language acquisition; instead language acquisition must depend on mechanisms internal to

the child.

Part I thereby motivates a central question in language acquisition: lacking corrective
feedback, how do children unlearn errors such as past tense overregularizations (e.g.
breaked? Parts Il and III present a theory of how children unlearn such errors based on

quantitative analysis of spontaneous speech.

In Part II, I analyzed 11,521 past tense utterances from the spontaneous speech of 83

children. 1 discovered that -- contrary to popular opinion reported everywhere from
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Newsweek to textbooks to articles in the primary literature -- there is no stage in which
children completely replace correct forms with overregularizations. Instead, children
overregularize rarely, in only about 4% of their opportunities. Moreover, by analyzing the
time course of overregularization we were able to confirm quantitatively for the first time
one aspect of the u-shaped developmental sequence: a period of correct performance does
precede the earliest overregularizations. Furthermore, we tested a prediction of
connectionist models which predict that a child displays rotelike or rulelike behavior in
response to changes in input statistics. This prediction was incorrect: overregularization
does not correlate with increases in the number or proportion of regular verbs in parental
speech, children’s speech, or children’s vocabularies. Instead, children begin to
overregularize when they begin to reliably mark the past tense of regular verbs, suggesting
that overregularization is tied to the acquisition of the regular past tense rule. A wide range
of data can be accounted for by a simple model: Irregular forms are retrieved from memory
and block the application of the default regular rule (add -ed); if a child fails to retrieve the
irregular form the regular rule applies by default and the child produces an

overregularization.

Part III presents a quantitative study of a closely related error, noun plural
overregularizations (e.g., foots and mans). The data are from the speech of 10 English
speaking children taken from the CHILDES database (MacWhinney and Snow 1985,
1990). The overall rate of noun overregularization is low, mean = 8.5%, demonstrating that
children prefer correct to overregularized forms. Children’s rates of noun
overregularization are not significantly different from their rates of verb overregularization,
and noun plurals, like verb past tenses, follow a u-shaped developmental curve in which
correct irregulars precede the first overregularized forms. These facts suggest that plural
and past tense overregularizations are caused by similar underlying processes. The results

pose challenges to connectionist models, but are consistent with the blocking-and-retrieval-
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failure model, presented in part 11, in which regulars are generated by a default rule while

irregulars are retrieved from the lexicon.

Part IV uses cross-linguistic evidence to tease apart connectionist and symbolic
models of language. In English, most novel verbs form their past tense with -ed, e.g., fax-
faxed. In connectionist models, the verb fax would be inflected with -ed because -ed is the
most frequent way of forming the past tense. In symbolic models such as the one argued
for in Parts 2 and 3, the past tense of fax would not be found in the lexicon, and hence the
default rule (add -ed), would apply, creating faxed. The operation of this default rule is
independent of any given pattern’s frequency. Although these models are quite different,
they are difficult to distinguish in English, since the -ed pattern is so frequent. By picking a
language, namely German, in which no single regular pattern is predominant, I was able to
test whether rule use depends on high frequency. In experiments with adult speakers, I
discovered that even though German -s plural applies to only a tiny minority of German
nouns, it is used as the plural for unusual sounding nouns, names, borrowings, and other
circumstances in which no plural is listed in the lexicon. Thus, default inflection does not
depend on frequency, but rather on whether an inflected form is available from the lexicon,

as predicted by symbolic but not connectionist models.
Part [ previously appeared as Marcus, G. F. (1993). Negative evidence in language
acquisition. Cognition, 46, 53-85.

Part II previously appeared as Marcus, G. F., Pinker, S., Ullman, M., Hollander, M.,
Rosen, T. J. and F. Xu (1992). Overregularization in language acquisition. Monographs of

the Society for Research in Child Development., 57 (4, Serial No. 228).
Part IIT has been submitted to a peer-review journal.

Part IV previously appeared as Marcus, G. F., Brinkmann, U., Clahsen, H., Wiese,
R., Woest, A., and Pinker, S. (1993). German inflection: The exception that proves the

rule. MIT Center for Cognitive Science Occasional Paper #47, Cambridge, MA.
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PART I

Negative Evidence in Language Acquisition

Introduction
A major challenge for theories of language acquisition is to explain how children

recover from grammatical errors, such as (1) and (2):

(1) *I maked it with water. (Sarah 4;5; Brown, 1973)
(2) *And fill the littie sugars up in the bowl. (Mark 4;7; Pinker, 1989)

Do children eliminate their grammatical errors solely on the basis of internal

mechanisms, or do they require exte.nal feedback from their parents?

Brown and Hanlon (1970) carried out two analyses in the first systematic
examination of whether parents provide feedback contingent on children’s grammatical
errors. In the first, they examined whether parents comprehend their children better if their
children’s utterances are grammatical. Each child question was classified as grammatical
or ungrammatical; each parental reply was coded to indicate whether the parent understood
or failed to understand the child’s utterance. Replies indicating the lack of comprehension
followed about as many grammatical child questions (42%) as ungrammatical ones (47%);
similarly, replies indicating comprehension were equally likely following grammatical and
ungrammatical specch (45% in both cases). Brown and Hanlor concluded that "In general,
the results provide no support for the notion that there is a communication pressure favoring

mature constructions" (p. 45).

In their second analysis, Brown and Hanlon coded whether parental replies indicated
approval (e.g., That's right or Yes) or disapproval (e.g., That’s wrong or No). Again, there

was no relation between parental reply types and child grammaticality. Finding not "even a
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shred of evidence that approval and disapproval are contingent on syntactic correctness” (p.
47), Brown and Hanlon concluded that:
While there are several bases for approval and disapproval, they are almost
always semantic or phonological. Explicit approval or disapproval of either
syntax or morphology is extremely rare in our records and so seems not to be the

force propelling the child from immature to mature forms. (p. 48)

Based largely on their conclusions, much subsequent research in language acquisition
has tried to solve the puzzle of how children acquire language solely from positive evidence
(i.e., hearing sentences that belong to a language) and without negative evidence (i.e.,
information about which sentences do not belong to that language). (E.g., Braine, 1971;
Wexler & Hamburger, 1973; Chomsky & Lasnik, 1977; Baker, 1979, 1981; Wexler &
Culicover, 1980; Baltin, 1981; Grimshaw, 1981; Roeper, 1981; Bowerman, 1983, 1987,
1988; Mazurkewich & White, 1984; Pinker, 1984, 1989; Berwick, 1985; Lasnik, 1981,
1989; Crain and Fodor, 1987; Wexler & Manzini, 1987; Lightfoot, 1989; Matthews &
Demopoulous, 1989; Gropen, Pinker, Hollander & Goldberg , 1991; Marcus, Pinker,
Ullman, Hollander, Rosen & Xu, 1992.) The "no negative evidence problem" -- that is,
how children could learn language without negative evidence -- is often seen as necessarily
tied to nativist explanations that posit the existence of internal and innate mechanisms. In
fact, Braine (1971), the first to discuss the implications of the "no negative evidence"
problem, used the problem to argue against Chomsky’s (1965) nativist explanation of
language acquisition. Arguing that Chomsky’s hypothesis-testing proposal would require
negative evidence, Braine presented anecdotal evidence suggesting that negative evidence
was insufficiently frequent and perhaps ignored, hence refuting Chomsky’s proposal.
Without negative evidence, any model of language acquisition, nativist or not, must account
for how the child can learn language from positive evidence alone. Suppose a child must

learn that a certain sentence, B, is ungrammatical. The child might learn this in two ways.
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First, something external to the child (i.e., explicit negative evidence) could tell the child
that B is ungrammatical. If the parent does not provide an explicit denial of sentence B, the
only alternative is that the parent says a sentence (or a set of sentences), A, aad that the
child has a mechanism which eliminates B when given A. That mechanism, innate or
learned, must be internal to the child, regardless of whether it is, for example, a general
pragmatic mechanism or a linguistically specific mechanism. The existence or non-
existence of negative evidence allows us to determine whether internal mechanisms are
needed. If negative evidence does not exist, the task of language acquisition researchers

must be to discover which internal mechanisms do allow children to eliminate their errors. !

Recently, in what I will call Discourse Studies, some researchers have disputed the
claim that there is no negative evidence (Hirsh-Pasek, Treiman, and Schneiderman, 1984;
Demetras, Post, and Snow, 1986, Penner, 1987; Bohannon and Stanowicz, 1988; and
Morgan and Travis, 1989). These studies, reporting evidence from the distribution of
certain patterns of discourse between parents and children, argue that parents do provide

implicit feedback to their children based on whether children speak grammatically.?

Each study used somewhat different reply categories; the Appendix reprints exact

definitions. Table 1 provides rough definitions of each type of parental reply.

I"Indirect negative evidence" (e.g., Chomksy 1981) -- information about which sentences have not
appeared in the input -- is sometimes offered as a third type of evidence available to the child. The use of
indirect negative evidence would require an inference such as "If X appears in the input, assume that Y is not
in the language, unless you hear Y in the input." Indirect negative evidence thus depends on a reanalysis of
positive evidence based on mechanisms internal to the child, rather than input external to the child, hence for
the purposes of this paper, I collapse it with positive evidence. See Pinker 1989:14-15 for further discussion,

2All of the studies that I will discuss contrast parental replies to grammatical sentences with parental replies
to ungrammatical sentences. However, one study, Moerk (1991), presented examples only of how parents
reply to ungrammatical sentences and failed to present examples of how parcats reply to grammatical
utterances. For example, in the following exchange, Moerk called the reply, What did I do? a "correction”
(Eve: What did you doed? Mother: What did I do?), but he neglected to note that the identical parental reply,
two samples earlier, is not a "correction.” (Eve: Hurt my eye. Mother: Your eye? Eve: Yeah. Mother: What
did I do?) (Eve 2;1). Moerk provided no objective definition of "corrections” and no explanation of how a
child could recognize or use them. Applying this method, one could argue that the word red provides negative
evidence: simply cull transcript examples in which the parent said red followir.g a child’s ungrammatical
utterances and ignore the occasions in which the narent said red after the child’s grammatical utterances.
Without the crucial contrast between replies to grammatical and ungrammatical sentences, such studies are
irrelevant to the question of whether parents provide negative evidence.
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Table 1:

Definitions of Types of Parental Replies used in Discourse Studies

Explicit Approval Parent says yes or un-huh or the like.

Non Sequiturs Parent fails to understand child.

Repetitions Parent repeats child utterance, (Hirsh-Pasek only et al.; with changes)
Imitations/Exact Reps. Parent repeats child utterance, verbatim

Expansion P. repeats child utterance, but makes grammatical changes or adds new material
Recasts Parent repeats child utterances, but with minor grammatical changes.
Topic Extensions Continued topic but not a Repetition or Expansion

Move-ons/No Responscs Parent moves conversation along

Clarification Questions P. asks a question that requests child to repeat part of utterance.
Confirmation Questions Parent asks a Yes/No question.

Some discourse patterns, such as Expansions (interchanges between a child anda a
parent in which a parent repeats the child’s utterance with small changes), are claimed to be
elicited more often by ungrammatical speech than by grammatical speech. Other discourse
patterns such as Exact Repetitions (interchanges in v*ich a parent exactly repeats a child
utterance) are claimed to be elicited more often by grammatical speech than by

ungrammatical speech.

In all cases, the differences in parental replies to grammatical versus ungrammatical
sentences were statistical rather than categorical (i.e., all-or-none). [ call this type of
feedback noisy feedback, since parents provided each type of reply after both grammatical

and ungrammatical sentences, albeit in different proportions.

In a recent discourse study, Bohannon and Stanowicz (1988) argue that discourse-
based noisy feedback "may be considered superior to simple denials and as qualified to
assume the role of 'negative evidence'" (p. 688), and concluded that "To the extent that
current theories of language acquisition also ignore adults’ tendency to provide feedback
(i.e., negative and specific evidence), these theories will fail to accurately account for

language acquisition"” (p. 688).

These conclusions, if correct, would undermine much of the research based on the
assumption that parents do not provide negative evidence. However, because the
methodology and results of the Discourse Studies vary and often conflict with one another,

and because there has been little discussion of how children could use noisy feedback to
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eliminate grammatical errorz, the role and existence of noisy feedback remains
controversial. This controversy is evident both empirically, in the conflicting results and
conclusions of Bohannon and Stanowicz (1988) and Morgan and Travis (1989), and
theoretically, in a recent debate between Gordon (1990) and Bohannon, MacWhinney, and

Snow (1990).

The goal of this paper is to define and apply clear criteria for clarifying the roie and

existence of noisy feedback. These criteria will lead to the following conclusions:

-- Noisy feedback is too weak to be a plausible way of eliminating errors. Even
under statistically optimal conditions, a child would have to repeat a given sentence

verbatim more than 85 times to eliminate it from his or her grammar.

-- Noisy feedback is inconsistent across parents, declines or disappears with age, and
is probably not provided for all types of errors and is thus unavailable for much of language
acquisition. Furthermore, some apparent patterns of noisy feedback may be averaging

artifacts that do not correspond to types of feedback given to any individual child.

-- Because parental reply categories are defined only with respect to the child’s
utterance, "correlations" between the two may be artifacts resulting from the definition of
parental reply categories and of constant noncontingent properties of parental and child
speech. For example, several studies show that verbatim repetitions follow more
grammatical than ungrammatical sentences. But because parents virtually never speak
ungrammatically, verbatim repetitions necessarily negatively correlate with children’s

ungrammatical utterances.

Any one of these three conclusions, the weakness, the inconsistency, or the inherently
artifactual nature of noisy feedback, would by itself severely undermine, if not falsify, the
position that parents provide feedback to their children and thus that such feedback is

required for language acquisition. Of course, even if parents provided feedback, it might
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turn out empirically that children do not use it. For example, Zwicky (1970), in discussing
his daughter’s inflectional overregularizations (e.g., goed), points out that "six months of
frequent corrections by her parents had no noticeable effect." Braine (1971) even more
clearly illustrates that feedback may be ineffective.
For experimental purposes, I have occasionally made an extensive effort to
change the syntax of my two children through correction. One case was use by
my two-and-a-half year-old daughter of other one as a noun modifier. Over a
period of a few weeks I repeatedly but fruitlessly tried to persuade her to
substitute other+N for other one+N. With different nouns on different occasions,
the interchanges went somewhat as follows: "Want other one spoon,
Daddy"—"You mean, you want THE OTHER SPOON"—"Yes, I want other one
spoon, please, Daddy"—"Can you say 'the other spoon’?"—"Other . . . one . .
spoon"—"Say . . . 'other’"—"Other"—"Spoon"—""Spoon"—"Otker . . . spoon"
—" Other . . . spoon. Now give me other one spoon?" Further tuition is ruled out
by her protest, vigorously supported by my wife. Examples indicating a similar
difficulty in using negative information will probably be available to any reader
who has tried to correct the grammar of a two-or-three-year old child. (p.

160-161)

Even when children understand that they are being corrected, they sometimes make
incorrect generalizations, as MacNeill (1966, p. 69) shows:
Child: Nobody don’t like me. Mother: No, say "nobody likes me." Child:
Nobody don’t like me. [Eight repetitions of this dialogue follow.] Mother: No,
now listen carefully, say "NOBODY LIKES ME." Child: Oh! Nobody don’t

likes me.

These examples suggest that it is the child’s underlying linguistic system, rather than

negative evidence, which forces children to change their grammars. Until th~ “xistence of
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reliable parental feedback is firmly established, however, it is premature to consider

whether children actually use it.

Types of Parental Feedback
and their role in Language Learnability

Positive evidence is simply the input, that is the sentences children hear. In contrast,
Negative evidence is a parental behavior that provides information about which sentences
are not in the language. Negative evidence does not tell a child which sentences are
grammatical; rather, it indicates that the child has uttered an ungrammatical sentence.
Moreover, negative evidence does not tell a child why a particular sentence is

ungrammatical.

A child who does not speak can receive no negative evidence, aside from explicit
metalinguistic statements (e.g., don’t say X). Negative evidence must respond to a child’s
utterance; it can only arise if parents are in some way sensitive (though not necessarily

consciously) to whether their children speak grammatically.

The parental behavior that provides negative evidence I will call the reply type. The
reply type may take many forms: the parent might say no, provide a repetition, shrug, or
ever spank the child. An individual occurrence of a given reply type (e.g., a single

utterance of the word no) is a reply instance.

To distinguish three kinds of negative evidence that are often collapsed, I use the
terms complete feedback, partial feedback, and noisy feedback. Complete feedback is any
corrective signal provided for all and only those sentences that are ungrammatical (c.f.
Gold’s (1967) term informant presentation in the formal mathematical literature on
learnability). Partial feedback is any corrective signal provided following some
ungrammatical sentences, but never provided following correct sentences. Noisy feedback

is a corrective signal provided after some errors and after some correct sentences, but in
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different proportions. A single reply instance of noisy feedback, unlike instances of
complete feedback and partial feedback, does not guarantee that a sentence is

ungrammatical.

Verbal parental feedback, such as Repetitions or Expansions, inherently provides the
child with positive evidence, as well as potentially providing negative evidence. Several
studies have reported that Expansions may spur learning (though Morgan, Bonamo, and
Travis, 1991, conclude the opposite). Crucially, however, even if children learn from
Expansions, they might do so without using negative evidence. In principle, a child could
learn whether some sentence is grammatical (a) only from positive evidence, which tells the
child that the parental utterance is a possible way of saying what she wanted to say; (b) only
from negative evidence, which tells the child that her utterance is not acceptable; or (c)
both, which would tell the child both that her sentence was unacceptable and provide an
acceptable alternative; each of these possibilities is plausible a priori. Consider this
hypothetical dialogue:

(3) Child: I eated the food Parent: I ate the food.

This parental reply clearly provides the child with a piece of positive evidence: I ate
the food is a grammatical sentence. Positive evidence alone does not tell the child whether
eated and ate are stylistic variants or synonyms or whether eated is unacceptable, but might
do so in combination with internal mechanisms. The parental reply could serve as negative
evidence only if the child recognizes it as an exemplar of a Recast and has mechanisms that

use such information.

Complete Feedback A child who received complete feedback might eventually
converge on the correct language by eliminating all possible but ungrammatical sentences
from her language (Gold, 1967; Pinker 1979). If complete feedback existed it would
probably be easy to detect, since there would, by definition, be a perfect correlation

between the reply type and the grammaticality of the child’s utterance. Nobody, though,
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has ever provided any evidence that children receive complete feedback; every reply type
studied in the discourse studies is not provided for all ungrammatical sentences, and is
provided for some grammatical sentences. Nobody claims, for instance, that parents
Expand children’s utterances every time that a child errs but never when the child speaks

grammatically. Thus children almost certainly do not receive complete feedback.

Partial Feedback Partial feedback, by definition, is not provided every time a child
makes an error. There has been no explicit discussion of how children could use such
feedback, although Gordon (1990) has suggested that "it may, in fact, be possible to show
that learning can occur with inconsistent feedback . . . using statistical rather than absolute
criteria to determine grammaticality" (p.219). It is not clear either whether children have

mechanisms for using partial feedback, nor what those mechanisms might be.

In any case, partial feedback does not seem to exist. No reply type studied in the
discourse studies is provided only for ungrammatical sentences but not for grammatical
sentences, or vice-versa. The evidence from the discourse studies suggests that all patterns
of discourse provide, at best, noisy feedback: every reply type is provided following both

grammatical and ungrammatical speech.
Noisy feedback

Several studies claim to have documented patterns of noisy feedback, but there has
been no explicit discussion of how children might use it. I will examine a concrete
example, after defining four terms. The proportion of reply instances (e.g. Expansions)
elicited by grammatical speech will be denoted by pr{gr}. The proportion of reply
instances elicited by ungrammatical speech is, then, pr{ungr}. The number of times the
child tests a given sentences is n; the observed proportion of reply instances is p(obs). 1

will assume that the feedb .k is provided probabilistically and independently.

Suppose pr{ungr} = .20 and pr{gr} = .12 (these proportions are drawn from the



-20-
distribution of noisy feedback reported by Hirsh-Pasek et al.) Suppose the child says a
sentence once (i.e. n =3). Depending on whether the parent provides a reply instance,
p(obs) will be either 0 or !. Suppose p(obs) is 1; given the small sample size, p(obs) could
easily come from either distribution. The chance that p(obs) comes from pr{ungr} is .625
(since 20 out of every 32 reply instances would follow ungrammatical sentences). The
chance that it comes from pr{gr} is .375 (= 1-.625). Thus if the child decides that the
sentence is ungrammatical, there is a .375 chance that the child is wrong. Or if p(obs) is 0,
there is a .52 (88/168) chance that the sentence is grammatical, and .48 chance that the

sentence is ungrammatical. In either case, the child has some information but not enough.

The child’s chances improve if the child increases the sample size, n, by repeating the
sentence. Suppose after 100 repetitions of the sentence, p(obs) = .17. Then it is relatively
likely that the sentence is from pr{ungr} but still reasonably likely that p(obs) comes from
pr{gr}. If a child repeats the test sentence 1000 times, with p(obs) = .20, the child could
decide with near certainty. In general, the more times the child repeats the same sentence,
the more information the child gathers, and the easier it is for the child to determine the
grammaticality of that sentence, with some degree of certainty; I will assume that the

degree of certainty equals the rate of error.

Because the end point of language acquisition is the adult state, I assume that the
acceptable rate of error, e , should reflect the rate at which adults make grammatical errors
(or perhaps be lower, since adults often know when they have made errors). If e is too
high, the child will fail to converge on the adult state of rarely making errors. The overall
rate of adult past tense overregularization errors (e.g. maked or Maded) is around .0C004
(Marcus et al. , 1992), while the overall rate of adult speech errors is about .00l

(Stemberger, 1989). To be generous by an order of magnitude, suppose e is .01.3

3Actually, two error rates are involved here: the chance of incorrectly accepting a sentence as grammatical
and the chance of incorrectly accepting a sentence as ungrammatical. Since most speakers agree both on
which sentences are grammatical and on which sentences are ungrammatical, both rates should be very low .
Lacking evidence to the contrary, I assume that these two error rates arc equal.
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In Figure 1, the left curve represents the sampling distribution of the proportion of
parental reply instances out of child utterances provided following grammatical sentences,
while the right curve represents the sampling distribution of the proportion of parental reply
instances out of child utterances provided following ungrammatical sentences. The shapes
of two curves depend on the proportions of feedback to grammatical and ungrammatical
sentences and the number of times, n, that the child repeats the test sentence; here pr{gr} =
.12, pr{ungr} = .20, n = 10.

Figure 1 Here

In order to decide whether a sentence is grammatical, assuming e= .01, a child must
determine whether p(obs) is within the 99% confidence interval of the grammatical
distribution, within the 99% confidence interval of the ungrammatical distribution, or
within the overlap between the two confidence intervals, which I call the region of
ambiguity, shown as the cross-hatched region in Figure 1. This region indicates possible
values of p(obs) under which a child cannot make a decision within the specified risk of

error .4

The only way the child can reduce the region of ambiguity is to repeat her test
sentence again and again, n times. Figure 2 represents the smallest value of n in which the
region of ambiguity is eliminated (for e = .01). Before being able to make a decision, the

child would need to repeat the same construction 446 times.

Figure 2 Here

Of course, the minimum number of repetitions necessary to decide whether a

“Note that for positive evidence, there is virtually no region of ambiguity. If the parent says a sentence the
child can be nearly certain that the sentence is grammatical. According to Newport, Gleitman, and Gleitman
(1977), 99.44% of parental speech to children is grammatical. Similarly, if the parent provided complete
feedback, there would also be no region of ambiguity. Upon hearing a reply instance, the child could
immediately decide that a given sentence was ungrammatical.
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sentence is grammatical depends on the proportions of feedback; these values vary across
the Discourse Studies. Table 2 shows estimates of n for the clearest and easiest reply types
the child could use. Weaker differences between parental replies to grammatical and
ungrammatical sentences would require the child to repeat a test sentence even more often.

Table 2: Minimum number of times (n) a child would need to repeat a given
sentence verbatim to decide whether it was grammatical, with chance of error, €, less than
.01, calculated for the strongest reply types reported in the Discourse Studies. (N may be
determined by finding the minimum number of repetitions of a single sentence such that the

99% confidence intervals of the two distributions (pr{gr}, pr{ungr}) do not overlap.)

Study Reply Type  pr{ungr} pr{gr} n

Hirsh-Pasek.... Repetitions 2 yr. olds 20 12 446
3-5 yearolds no differences n/a

Penner Expansions: Group 1 18.3 4.6 104
Expansions: Group 2 11.3 6.3 679

Boh,&Stan.  Total of All Reply Types 35 14 85

Morg.& Trav. Expansions (A, E, & S) 11.3 2.7 169

Note: The data from Demetras et al. are excluded because most patterns of reply
varied across parents and no inferential statistics (or sample sizes) were provided. Without
such information we cannot infer the reliability of the data. The data for Morgan and
Travis are an average across the patterns of parental expansions to Adam, Eve, and Sarah,
from Table 4, Morgan & Travis 1989:545, because there is substantial variation between
the pattern of expansions to the different children. Eve would only require 63 verbatim

repetitions, but Sarah would require 300.

The lowest estimate of n, derived from data reported by Bohannon and Stanowicz
(1988), is 85; the highest estimate of n is 679. If a child does not repeat a given sentence n
times, noisy feedback cannot account for how the child eliminates the error. However,
aside from formulas and routines, most of children’s speech is not repetitive. Children
repeat few sentences, even ten times, let alone 85. For example, Pinker (1989) searched

86,332 child utterances taken from transcripts of spontaneous speech for errors in which a
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child misused the argument structure of a dative (e.g. Don’t say me that). None of these
errors was repeated anywhere near 85 times: one child (Eve) made eleven errors with the
verb write, no other error was repeated more than three times, and thus noisy feedback is

almost certainly too weak to account for how children eliminate their errors.

Children might follow strategies other than the one I have outlined, but none of these
can reduce n without increasing the error rate. For instance, children might be thoroughly
productive and assume that every sentence is grammatical unless the sentence receives
frequent and repeated correction. Following this strategy, children would overgenerate
implausibly often, repeating ungrammatical sentences far more often than they are actually
observed to do (Marcus et al., 1992). Children also cannot be completely conservative and
assume that all sentences are ungrammatical, since they productively create sentences they
have never heard (e.g. Pinker, 1989). In any case, if children utilize noisy feedback before
repeating a sentence enough times, their risk of errors must go up, because there is only a
limited amount of information in each reply instance, and the only way to get more
information is to repeat their sentences again and again in effort to increase the reliability of

the information contained in parental replies.

Combining noisy feedback from different sentences 1 have assumed that children
determine grammaticality on & sentence-by-sentence basis. Could children instead
determine the grammaticality of entire classes of sentences on the basis of negative
evidence? For instance, a child trying to test whether The boy eat apples is grammatical
might combine feedback provided to that sentence with feedback provided to "equivalent"
sentences such as The girl eat apples, in order to overcome the inherent weakness of noisy

feedback.

Combining feedback provided to some set of equivalent sentences requires a child to
determine which sentences are "equivalent"; determining equivalency, however, can only

be done properly after the child knows which factors affect a sentence’s grammaticality,
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defeating the very purpose of using noisy feedback. Sometimes two sentences similar in
structure, differing by no more than a word, are both equally acceptable in a language; for
example, A boy ate some apples and a girl ate some apples are both grammatical, and some
a boy apples ate and some a girl apples ate are both ungrammatical. Often, however, two
apparently quite similar sentences are not equally acceptable in the target language. For
example, a boy ate some apples is grammatical but a boy ate much apples is
ungrammatical. A child who combined the feedback provided for these two sentences
would err, as would a child who combined feedback for *fill the water in the bowl with
pour the water in the bowl, or John slapped Bill with *John hitted Bill. The rules
governing which sentences are and are not equivalent, with respect to feedback, are the very
rules of the grammar the child is trying to learn. If feedback is to be the means by which
children form equivalence classes then children’s use of feedback cannot rely on the pre-
existence of those equivalence classes. There is no doubt that children do form equivalence

classes, but negative evidence does not explain how children form them.?

Learning the probabilities of noisy feedback. The model presented above assumes
that the child has perfect knowledge of (pr{gr} and pr{ungr}). If the child’s knowledge of
the reply probabilities is poor, errors of falsely accepting ungrammatical sentences or else
errors of falsely rejecting grammatical sentences become more likely. For instance, if
pr{gr} .12 and pr{ungr} = .2, but the child incorrectly hypothesizes that pr{gr} = .2 and
pr{ungr} = .4, and the child utters a grammatical sentence multiples times and receives

p(obs) = .2, the child will conclude falsely that the sentence is grammatical.

Given individual differences between parents (to be discussed below), it is unlikely

that the probabilities of feedback are specified innately. How, then, could the child learn

5The child learning from positive evidence alone may seem to face the same dilemma -- how to form the
equivalence classes without knowing them. The answer proposed by Chomsky and others is that the child has
innate knowledge which constrains the inductions by which the child may form equivalence classes.
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the reply probabilities? The child cannot simply record how many of her ungrammatical
versus grammatical sentences elicit instances of some reply. Children could safely assume
that their parents speak grammatically, but by hypothesis they do not know which sentences
are ungrammatical. A child might construct minimal pairs by comparing the parent’s
sentence with a sentence that is likely to be ungrammatical. But this begs the question: how
would the child know which sentences are likely to be ungrammatical? In sum, it is unclear

how children could learn the probabilities of feedback.

Some researchers seem to want to eliminate language-specific learning mechanisms
in favor of parental feedback on the grounds that models that depend on parental feedback
might be simpler, but consider what new mechanisms they must propose. The child must
recognize the (subtle) feedback reply types and discriminate the useful reply types from the
noise, and then make use of them. Furthermore, the child must learn (at least
approximations of) the probabilities of feedback, induced in some unspecified manner.
Though a child might solve all these problems, it is hardly clear that models of language
acquisition that depend on feedback present simpler models than those based on internal,

linguistic-specific constraints.

Summary 1 distinguished three types of negative evidence: complete, partial, and
noisy feedback. There is no evidence that either complete feedback, negative evidence
provided following all ungrammatical sentences and no grammatical sentences, or partial
feedback, negative evidence provided for some ungrammatical sentences but no
grammatical sentences, exist. Noisy feedback, the only attested type of feedback, is
negative evidence provided for some grammatical sentences as well as some ungrammatical
sentences. Under conditions of noisy feedback (unlike complete feedback and partial
feedback), a single reply instance cannot guarantee that a given sentence is ungrammatical.
Under certain reasonable assumptions about feedback probabilities and acceptable error

levels, a child would have to repeat the sentence in question, verbatim, at least 85 times
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before deciding whether it is grammatical. Furthermore, to use noisy feedback, the child
must solve the difficult bootstrapping problem of determining the probabilities of reply
instances for both grammatical and ungrammatical sentences. Theories of language
acquisition that require noisy feedback are thus plausible only to the extent that it is
plausible that children notice noisy feedback, have mechanisms to make use of it, and

repeat sentences at least 85 times each.

Generality and availability of noisy feedback

Noisy feedback is interesting only if it can eliminate the need for specific internal
mechanisms, but these mechanisms are only eliminable if noisy feedback is necessary for
language learning. If noisy feedback were merely helpful for language learning, but not
necessary, internal mechanisms would still be needed to account for language acquisition.
In this section I will develop and apply criteria, based in part on those discussed by
Grimshaw and Pinker (1989), Pinker (1989), and Morgan and Travis (1989), for
determining whether there is evidence that any type of feedback is a necessary component
of language acquisition.
Criteria

Does every child receive noisy feedback? Since every child learns language, a
particular type of parental feedback can be a precondition for learning language only if it is
provided to every child. Many types of feedback may be sufficient for language
acquisition, but if any child manages to learn language lacking that particular type of
feedback, then that particular type of parental feedback cannot be necessary for language
acquisition. (Note that every child receives positive evidence.) Because between-subject
differences are crucial, appropriate statistical analyses of patterns of noisy feedback should
examine patterns of feedback within individual parent-child dyads. Combining data from
several children may create two types of averaging artifacts: First, aggregating data from

multiple children may hide differences between the patterns of feedback provided to those
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children. Suppose one parent provided reliable noisy feedback, but another parent did not
provide reliable feedback. Combining the data from these two parent-child dyads, one
might falsely conclude that the pattern of feedback is available to both children. To avoid
such problems, a more fine-grained analysis is necessary. Second, when studies average
raw data® from several dyads, patterns of noisy feedback can emerge that no child actually
received. For example, if 80% of Johnny's utterances are grammatical, and Johnny's
mother repeats a random 75% of his utterances, but 60% of Billy’s utterances are
grammatical and his mother only repeats half of Billy’s sentences, at random, then
combining the same amount of data for both children, will lead to the (false) conclusion that
64% of grammatical utterances elicited repetitions, compared to only 58% of

ungrammatical utterances; see Table 3.

Table 3:

How patterns of feedback could be an artifact of averaging data from several children.
Grammatical Ungrammatical

Johnny 60/80=.75 15/20=.75

Billy 30/60=.5 20/40=.5

Average 90/140=.64 35/60=.58

Note:

Number of utterances repeaied out of 140.

Do parents provide noisy feedback until errors stop? If certain aspects of language
acquisition depend on parental feedback, parents must provide fzedtack until children have
finished acquiring those aspects language. Moreover, if feedback declines or disappears
with age, combining data might suggest falsely that noisy feedback is available, even if no
child actually receives such feedback. Suppose that a parent consistently repeats every
utterance of his or her child at age two but by the time the child is three the parent no longer
repeats many of the child’s utterances. If at age two, the child produces 80%

ungrammatical utterances, but by age three the child only produces 60% ungrammatical

6Averaging percentages rather than raw daia would prevent the emergence of entirely spurious reply
contingencies but could still conceal important individual differences.
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sentences, then, as shown in Table 4, one might conclude falsely that the parent repeats a
higher proportion of ungrammatical sentences than grammatical sentences, even though no

parent ever replies differentially to grammatical and ungrammatical sentences.

Table 4:
How patterns of feedback could be artifact of averaging over age.
Grammatical Ungrammatical
2 year old 20/20=1 80/80=1
3 year old 0/40=0 0/60=.0
Average 20/60=.33 80/140=.53
Note:

Number of utterances repeated out of 100.
The misleading conclusion results from (a) the parent’s repeating fewer of the older
child’s sentences and (b) the older child’s greater proportion of grammatical sentences.

Averaging data across different children of different ages may cause similar artifacts.

Do parents provide noisy feedback for all kinds of linguistic errors? Language has
several components or levels of representation, including piicnological, syntactic, and
semantic representations. There is empirical evidence that parents reply to different types
of errors in different ways. For example, Brown and Hanlon (1970, p. 48) concluded that
the "bases for approval and disapproval ... are almost always semantic or phonological." To
show that negative feedback is necessary for the eliminaticn of errors of some kind,
phonological, morphological, syntactic, or semantic, one must provide evidence that

adequate feedback corresponding to that specific kind of error exists.

Do parents provide noisy feedback for different types of grammatical constructions?
Parents might provide feedback for some syntactic constructions, but still fail to provide
feedback for other syntactic constructions. A child who received parental feedback for, say,
agreement errors (e.g., He eat the candy), but not for improper locative verb alternations
(e.2., fill the little sugars up in the bowl), could not learn which locative alternations are
permissible on the basis of parental feedback. Parental feedback must be available for all

grammatical constructions for which it is posited to correct.
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Summary. To determine whether a particular type of noisy feedback could be
necessary for unlearning errors, there are four criteria: (1) The reply type must be available
to all children. (2) The reply type must be available throughout acquisition. (3) The reply
type must be available for errors in each component of language. (4) The reply type must
be available after all types of errors within a given component. Any pattern of noisy
feedback that is necessary for language acquisition would meet all of these criteria.
Positive feedback meets all of them: all children, at all ages, receive positive evidence for
all types of representation and nearly all types of constructions. Complete feedback, if it
existed, would also meet these criteria.

Application of Criteria

Does every child receive noisy feedback? Many paiterns of feedback were
inconsistent across dyads within the studies that reported them, as indicated by asterisks in
Table 5. Furthermore, many of the remaining effects failed to replicate in other studies.”
The rightmost column indicates that only one pattern of feedback was provided to all
children studied: Recasts. Bohannon and Stanowicz found that, on average, parents
provided more Recasts after ungrammatical than grammatical sentences. However, though
they indicate that parents and non-parents replied differently, it is unclear whether every
child received more Recasts after ungrammatical sentences: even Recasts may not be

consistent across the children they studied.

TAn anonymous reviewer suggested that differences social or economic status might account for some of
the variation in feedback.



Table 5:

Availability of particular types of feedback across all children studied.
Found By Not Found By Did all children receive
the same type of feedback?

Explicit Approval . BH, HPTS, P No

Non Sequiturs . BH No

Repetitions HPTS DPS* No

Imitations DPS, BS P, MT* No

(or Exact Repetitions)

Expansion P, BS DPS*, MT No

Recasts BS Yes

Topic Extensions/ DTS P*, MT* No

Moveons
Clarification Qs DPS, BS MT No
Confirmation Qs. P, MT No

Notes: Morgan and Travis distinguished Partial and Exact Imitations. Exact
Imitations were consistent across parents; Partial Imitations were not. Penner found that
confirmation questions were more common after ungrammatical sentences; these effects,
however, were not statistically significant. * indicates that the effect found was
inconsistent across children within that study BH: Brown and Hanlon HPTS: Hirsh-Pasek et

al. DPS: Demetras et al. P: Penner BS: Bohannon and Stanowicz MT: Morgan and Travis

The studies that allow examination of individual differences show that different
parents provide different, even conflicting patterns of fecdback. Demetras et al. found that
some children receive certain reply types, such as Expanded Repetitions, more often after
ill-formed sentences than well-formed sentences.8 However, other children receive the
same reply types more often after well-formed sentences. Penner noted that "although
parents repeated correct child utterances slightly more frequently than incorrect child
utterances, the pattern was not consistent for all parents." Morgan and Travis, studying
three subjects, Adam, Eve, and Sarah, (from Brown, 1973), found that, for each set of
parents, the contingencies between parental replies and the grammaticality of children’s

utterances were different. For example, while Adam’s parerts asked more Clarification

8Demetras et ai. presented no inferential statistics, and many patterns of feedback are different for different
parent-child dyads. Thus contingencies within individual dyads may be due to chance or sampling error.
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Questions after his well-formed wh-questions, Eve and Sarah’s parents were more likely to
ask Clarification Questions after their children’s jll-formed wh-questions. If the reply types
are contingent on grammaticality for some children, but contingent on ungrammaticality for
other children, would some children eliminate 8oed in favor of went, while other children
eliminate went in favor of goed? Finally, Hirsh-Pasek et al., Penner, and Bohannon and
Stanowicz all combined data from many children in their analyses?, leading to potential
statistical artifacts. Data from children who received no feedback, when averaged with data
from children who did receive feedback, might incorrectly suggest that feedback is
available to all children. Moreover, as shown above in Table 4, it is even possible that
some alleged patterns of feedback were not provided to any children. In fact, there may be
no type of feedback that is provided universally. Gordon ( 1990) argued that in the
Piedmont Carolinas, and possibly in other cultures, parents rarely speak directly to their
children. The existence of cultures in which parents do not provide any feedback would
prove that children can learn from positive evidence alone and that no form of feedback can
be a necessary precondition to learning language. Bohannon et al. (1990, p. 224) criticize
Gordon’s example as being "an anecdote ... [that] hardly constitutes believable
counterevidence." In fact, Gordon's example is based on a well-documented ethnographic
study from Heath (1983), from which I quote: Trackton adults do not see babies or young
children as suitable partners for regular conversation.... [Ulnless they wish to issue a
warning, give a command, provide a recommendation, or engage the child in a teasing
exchange, adults rarely address speech specifically to very young children. (p. 86)
Many other cultures with markedly different patterns of parent-child interaction
exist. Ochs and Schieffelin (1984) discuss two such cultures. (See also Eisenberg,

1982; Pye, 1986.) In Kaluli, extensive adult modeling is reported, along with a

9Penner provided information about the reliability of patterns of feedback across parents, but the other two
studies do not. Bohannon and Stanowicz only discuss differences between parents, as a group, and non-
parents, as a group.
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lack of expansions -- apparently without any evident consequences for either rate

or success of acquisition:

In addition to instructing their children by telling them what to say in often extensive
interactional sequences, Kaluli mothers pay attention to the form of their children’s
utterances. Kaluli correct the phonological, morphological, or lexical form of an utterance,
or its pragmatic or semantic meaning. (p. 293)

.. . Rather than offering possible interpretations or guessing at the meaning of
what a child is saying, caregivers make extensive use of clarification requests
such as *huh?’ and ‘what?’ in an attempt to elicit clearer expression from the
child. . . . However, caregivers do not elaborate or expand utterances initiated by

the child. (p. 294)

In the case of Samoan, parental feedback is minimal--again, with no apparent
consequences for acquisition:
[Claregiver speech is largely talk directed ar the infant and typically caregivers
do not engage in ‘conversations’ with infants over several exchanges. ... When
a small child begins to speak, he or she learns to make his or her needs known to
the higher ranking caregiver. The child learns not to necessarily expect a direct

response. (p. 296)

Procedures for clarification are sensitive to the relative rank of conversational
participants in the following manner. ... If a low status person’s speech is unclear, the
burden of clarifications tends to be placed more on the speaker. [This] situation applies to
most situations in which young children produce ambiguous or unclear utterances. Both
adult and child caregivers tend not to try to determine the message content of such
utterances by, for example, repeating or expanding such an utterance with a query
intonation.... A caregiver may choose to initiate clarification by asking ‘What?’ or ‘Huh?’

but it is up to the child to make his or her speech intelligible to the addressee. (p. 298)
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Even if Bohannon et al. concede such examples, they still argue that The absence of a
particular form of feedback in a particular community does not belie its utility for those
children who do receive it, nor does it mean that no form of feedback is necessary for

language learning to proceed normally. (1990, p.224)

Although it is true that some form of feedback may be sufficient for those who
receive it, any type of feedback that is not available universally cannot be a necessary type
of feedback. (This does not eliminate the possibility that some other form might be

necessary.)

Could different children use different reply types to learn language? In that case,
each child would need to determine which types of feedback his or her parents provide.
One might argue that children attend to all possible reply types, and that the reply types that
their parents do not use in a manner contingent on grammaticality have no net effect on the
child’'s grammar. But if, for example, some parents use Repetitions to indicate
grammaticality whereas other parents use Repetitions to indicate ungrammaticality, then
each child would have to determine whether his or her parents’ Repetitions correlate

positively, negatively, or not at all with grammaticality.

Determining the status of possible reply types raises three problems. First, the child
can only calculate a given reply type’s status if the child knows which sentences are
grammatical. But this is precisely the knowledge the child is trying to acquire. Second, the
bootstrapping problem — determining the probabilities for a particular reply instance
without knowing which sentences are ungrammatical — is worse if the child does not know
which reply types are and are not contingent on grammaticality. As the child tests more
reply types for possible sources of feedback, the child’s chance of falsely concluding that
some reply type is contingent on grarnmaticality increases (just as running many ! tests
increases the chance of a Type I error). Finally, learning which reply types are useful may

require the child to have an unrealistically large memory and unrealistically powerful
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processing capacities, because the child would have to record whether each possible reply
instance occurred for every sentence or at least for enough sentences to discover reliably the
reply instance probabilities of a given type of feedback for a grammatical versus an

ungrammatical sentence.

In sum, the only plausible way that some pattern of noisy feedback could be
necessary for language acquisition is if every parent provides the same reply type to every
child, and the child is predisposed to expect that reply type to be contingent on
grammaticality. But the empirical evidence, both within the Discourse Studies and across
cultures, strongly suggests that no single pattern of feedback is available to all children, and

hence noisy feedback is unlikely to bs necessary for language acquisition.

Do parents provide noisy feedback until errors stop? Although several studies appear
to show that noisy feedback is available to two year olds, they also show that noisy
feedback diminishes rapidly or even disappears altogether. Hirsh-Pasek et al. found that

noisy feedback disappears with age: "...sensitivity to well-formedness is only apparent
among {parents of] 2-year-olds. The same pattern of results failed to emerge at other ages"
(p. 86). Penner studied two groups of children, and the older group (mean age = 3;0)
received weaker feedback on all measures than the younger group (mean age = 2;0).
Morgan and Travis found that parental feedback provided to Eve declined significantly
from the start of data collection (1;10) to the end of data collection (2;3). Neither Adam nor

Sarah showed significant parental reply contingencies after age four. In sum, there is no

evidence that children over 4 receive any noisy feedback.!0

Yet children continue to learn language after feedback has disappeared. Many types

of linguistic errors persist throughout the preschool years. Sarah said I maked it with water

1%Fyrthermore, Bohannon and Stanowicz averaged data from different children of different ages and thus
some alleged patterns of feedback might be the result of averaging artifacts.
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at age 4,5 (Brown, 1973). She makes these inflectional errors at a greater rate at age 5 than
at age 2;6 (Marcus et al., 1992). These errors continue into at least first grade and perhaps
as late as 9 or 10. Similarly, locative errors, such as Mark’s And fill the little sugars up in
the bowl! (from Pinker 1989) occur until at least age 7 (Bowerman 1988). Thus noisy
feedback, given its decline over time, is extremely unlikely to account for the unlearning of

many of these errors.

Do parents provide noisy feedback for all kinds of linguistic errors? Hirsh-Pasek et
al., Demetras et al., and Penner collapsed errors of many linguistic components (e.g.,
syntax, phonology, and semantics), making it impossible to distinguish whether parents
provide feedback for all types of errors or only for some types of errors. Hirsh-Pasek et al.
and Demetras et al. both collapsed errors of phonology (e.g., evelator instead of elevaror)
with syntactic errors in which words were misplaced or left out entirely. Penner combined
morphological errors (e.g., I ringed the bell) with syntactic errors (e.g., I rang bell), and
perhaps phonological errors as well.!! Bohannon and Stanowicz distinguished phonological
errors from syntactic errors but collapsed morphological and syntactic errors. These studies

thus shed little light on whether noisy feedback is provided for different types of errors.

The very limited data available suggest that it is unlikely that parents provide
adequate feedback for many types of errors. Bohannon and Stanowicz found that parents
are much more likely to correct semantic errors than syntactic errors (88.6% versus 35.9%).
Morgan and Travis, the only researchers to separate particular types of grammatical errors,
found that none of the children they studied received any statistically valid reply types
contingent on the grammaticality of specific types of linguistic errors, after age 4. In sum,

there is little evidence that parents provide feedback for anything other than the truth value

1t is unclear from Penner’s text how phonological errors were treated, but Bohannon and Stanowicz
(1988) write that "Penner (1987) lumped pragmatic, semantic, syntactic, and phonological errors into a single
category of ill-formed children’s speech” (p. 684-685).
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and phonology of their children’s utterances, consistent with the conclusions of Brown and

Hanlon (1970).

Do parents provide noisy feedback for different types of grammatical constructions?
Only Morgan and Travis (1989) present data that allows construction-wise comparisons.
These data suggest that different types of linguistic errors may receive opposite types of
feedback. For example, since overall Adam’s parents asked more Clarification Questions
following ill-formed utterances (e.g., past tense errors) than well-formed utterances, Adam
might infer that Clarification Questions indicate grammatical errors. But Adam’s parents
asked more Clarification Questions after well-formed wh-questions (questions containing
who, what, where, when, which, or why). If Adam eliminated those sentences tc which his
parents replied with Clarification Questions, he could reduce his past tense errors only to
the detriment of his use of wh-questions, or vice-versa. To use the parental feedback in
Clarification Questions, Adam would need to learn different response contingencies for
different grammatical forms; it is far from clear how Adam could figure this out. Finally,
suppose Adam asked a wh-question with a past tense form (e.g., who runned?) and his
mother replied with a Clarification Question. How would Adam determine whether his

mother was correcting his wh-question syntax or correcting his past tense formation?

Summary

There is no evidence that any type of parental feedback is available widely enough to
obviate the need for specific linguistic mechanisms. Only one type of noisy feedback
(Recasts, examined in only one study) was available to all the children studied. No other
pattern is provided consistently. No study showed patterns of complete, partial, or even
noisy feedback available for children over age 4 despite the fact that children continue to
make errors after this age. Every study except Morgan and Travis (1989) collapses
morphological and syntactic errors; several studies even collapse phonological errors with

syntactic errors. Furthermore, because of dubious practices of averaging data from
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different children and from children of different ages, some patterns of feedback may
conceal individual differences showing that certain patterns of feedback were not available
to some children and hence not necessary for language acquisition. Worse, some alleged
types of noisy feedback may be completely artifactual and never provided to any individual
child. The existing evidence for noisy feedback thus fails to withstand the weight of careful
empirical scrutiny and provides no evidence that noisy feedback is necessary for language

acquisition.

Definitional Artifacts

Many Discourse Studies classified Parental replies in a manner confounded with the
grammaticality of children’s utterances, hence rendering the correlations between parental
replies and children’s grammaticality possibly artifactual. The coding criteria for parental
replies cause two serious problems. First, many types of parental replies cannot be
classified until one looks at the preceding chiid utterance, and thesc replies are sometimes
coded differently depending on the grammaticality of a child’s utterance (Morgan and
Travis, 1989). For example, some parental utterances might be coded as Repetitions
following a grammatical child utterance, but as Expansions following an ungrammatical
child utterance. The child says the identical utterance in (5) and (6), but the utterance is
deemed an Expansion or Recast in the former, and as a Repetition in the latter.

(5) Expansion or recast

C: The ball falied down.
P: The ball fell down.
(6) Repetition

C: The ball fell down.

P: The ball fell down.
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Second, because parents nearly always speak grammatically (99.44% of their
utterances according to Newport et al., 1977), certain parental reply categories, such as
Repetitions, are biased to occur more often after grammatical child utterances, while other
types of parental coding categories, such as Expansions, are biased to occur more often
after ungrammatical child utterances. Thus some of the contingencies reported in the
Discourse Studies reflect the consequences of coding categories virtually defined in terms
of the grammaticality of the child’s utterances, rather than being the result of actual parental
sensitivity to the grammaticality of the child’s utterances. Consider the following analogy.
Suppose that I claim that I can control the color of the sky by my choice of which shirt to
wear on a given morning. Every morning, an impartial observer records whether I wear a
green shirt or a blue shirt, and records Sky Color, relative to my shirt color. After gathering
data, we find an interaction between Sky Color and Shirt Color: if I wear a blue shirt then
the sky may be the same color, but if I wear a green shirt then the sky is never the same
color as my shirt. One might then conclude that the sky responds to or is sensitive to, my
choice in shirt color. But this conclusion is false: the sky is not sensitive to whether I wear
a blue shirt or a green shirt. The problem lies in the coding criteria for the sky’s "replies."
We code Sky Color only with respect to Shirt Color: . A blue sky is coded as "Same Color"
if I wear blue, but the same blue sky is coded as "Different Color" when I wear green. The
sky is not sensitive to my shirt’s color; the coding categories are. If we instead simply
record the absolute color of the sky, there would be no artifactual contingency and we
would not be mislead: The sky is never green no matter what shirt I wear, and the sky is

equally likely to blue no matter what shirt I wear.
Exact Repetitions

Repetitions, like Sky Color, are classified relationally. There is no sentence that is a
repetition independent of a child’s utterance. And just as the "contingency" between
Relative Sky Color and Shirt Color is confounded with the fact that the sky is never green,

the "contingency" between Exact Repetitions and child grammaticality (i.e., Exact
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Repetitions follow more grammatical than ungrammatical sentences) is also confounded.
The contingency between Repetitions and well-formed child speech is inevitabie given that
parents speak grammatically. When children speak ungrammatically, there is virtually no
chance that their parents will repeat their utterances verbatim. Conversely, when children
speak grammatically, their parents may repeat their utterance exactly. Demetras et al.’s
Exact Repetitions, Penner’s Repeiitions, and Bohannon and Stanowicz’s Exact Repetitions
are all tainted in this way.!2 Similar problems beset the other parental reply categories that
showed some (albeit limited) contingency with grammaticality of children’s speech.
Recasts, Expansions, and Clarification Questions also can only be coded in relation to
children’s utterances and hence are inherently confounded with children’s grammaticality.
For instance, the parental reply rhe ball fell down is coded as a Recast if the child speaks
ungrammatically (e.g., the ball falled down) but is as Repetition rather than a recast if the
child speaks grammatically (e.g., the ball fell down). Thus a contingency between Recasts
and ungrammatical child speech does not demonstrate that parents are sensitive to their
children’s grammar. Whenever some aspect of a child’s sentence is relevant to the
definition of the adult’s reply, and that aspect is correlated with grammaticality, any
correlation between the grammaticality of the child’s utterance and the type of adult reply

will be confounded.

Possible Objections

Even if the observed patterns of feedback are the result of spurious correlations, the child
could still make use of the parental replies. However, parental replies such as Recasts and
Expansions appear not to reflect any parental sensitivity to grammaticality. Parents who are
insensitive to children’s grammaticality cannot give children negative evidence (except

through explicit metalinguistic statements of the form Don’t say X); they can only give

I2Hirsh-Pasek et al.’s categhry of Repetitions differs from Exact Repetitions because they include parental
responses which contain small changes.
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children positive evidence. .Recasts and Expansions may serve as ideal positive evidence,
but they do not tell children what is not in the language. Another possibility is that
whenever a parent says something differently from the child, the child should assume he or
she has made an error. A child following such a strategy would surely err: most parental
utterances are different from their children’s utterance even when the child speaks
grammatically. For instance, a child might say I want a cookie and the mother might
naturally reply No, you've already had three cookies. Discourse is driven by conversation,
not implicit language lessons. Parents may choose a different word or construction to
emphasize something different, or even change the topic entirely. Children who changed
their grammars every time the parent said something different would radically damage their

languages.
Summary

Coding parental replies relative to the child’s previous utterance, as has been done often in
the Discourse Studies reviewed here, leads to the possibility that the resulting correlations
do not reflect true parental sensitivity but instead reflect only constant, non-contingent
frequencies of certain kinds of child and parental behavior. The only evidence for noisy
feedback comes from reply categories that are definitionally flawed. There are some reply
types that are not defined relationally, such as explicit correction, and failures of
comprehension (Brown and Hanlon, 1970) . But everybody agrees that these reply types are

not contingent on grammaticality.

Discussion
There are three serious problems with the position that parents provide negative evidence to
help their children learn language. First, if such feedback does exist, it is too noisy to be
useful in practice. Second, it is not available to all children, not available at all the relevant
ages, and probably not available for many types of errors. Third, reply categories have
often been defined relative to the child’s preceding utterance, and thus observed

correlations between parental replies and children’s utterances may simply be artifacts of
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the coding scheme. Any one of these problems is enough to significantly undermine the
position that parents provide negative evidence to their children is significantly
undermined. Positive evidence, in contrast, suffers from none of these problems; nor would
complete feedback if it existed. If a parent says something once, the child can assume that
it is grammatical; the child need not wait for 85 repetitions. Positive evidence is available
to every child regardless of age for all types of representation. Further, every parental
utterance is positive evidence regardless of the child utterance. If complete feedback (i.e.,
negative evidence in the sense used by learnability theorists) existed, it would also meet
every test I have applied. If parents provided some reply type following all and only
ungrammatical sentences, then a single utterance would be a guaranteed test for
ungrammaticality, not the 85 times necessary for noisy feedback. Complete feedback
would be available by definition to all children at all ages for ail types of errors and could
be coded independently of children’s utterances. But complete feedback apparently does
not exist -- nobody has ever claimed that parents correct all and only grammatical errors.
The fact that there is independcnt evidence for internal mechanisms provides a further
argument against negative evidence. Consider errors such as Sarah’s I maked it with water.
As children acquire the English past tense system, they sometimes apply the regular past
rule (add -ed) to irregular stems (e.g., go, make, or sing), thus producing erroneous past
tense forms such as goed or maked. (See Marcus et al. (1992) ) If negative evidence is not
available, children must stop producing these forms through some internal (possibly
linguistically specific) mechanism. Marcus et al. (1992) argue that children follow a
principle of Inflectional Blocking that prevents the application of a regular rule (add -ed to
form the past tense) whenever a child can retrieve an irregular past tense form for some
stem. For example, if a child attempting to mark the past tense of make retrieves made, the
regular rule is blocked. If the child fails to retrieve an irregular past tense form, the rule

applies, and the child creates an incorrect form, such as maked. As children’s retrieval of
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the correct past tense forms improves through positive evidence, overregularization errors
disappear. Internal mechanisms, without the aid of negative evidence, could also eliminate
errors such as Mark’s [ filled the sugars vp into the bowl, or a similar error, [ filled the
water into the bowl. In these "locative" errors, children use verbs in inappropriate syntactic
constructions. The child has used the "content" argument (the water) rather than the
contaier "argument” (the bowl) as the object of the verb fill.!3In contrast, it is perfectly
acceptable to use pour with its "content" arguments as the object of the verb, as in I poured
the water into the glass. Negative evidence might drive locative errors cut of a child’s
grammar, but without negative evidence children would need to eliminate errors through
iniernal mechanisms. Gropen et al. (1991) argued that locative errors result when a
universal linking rule, object affectedness, is combined with an improper semantic
representation of the verb fill. The object affectedness rule states that the direct object of a
verb corresponds to an object that is specified as affected in some particular way in the
semantic representation of a verb. Gropen et al. argued that in the adult grammar, the
semantic representation of the verb fill does not specify how the content is affected (a glass
can be filled by pouring but also by dipping or bailing as well), hence the content argument
cannot appear as the object. In contrast, the semantics of pour does specify that its content
argument is affected in a specific way, namely it must move downward in a stream, and
hence it may appear as the direct obiect of the verb. According to this theory, children
always follow the universal linking rule, but if they have an improper semantic
representation for a verb such as fili, which does specify the manner of motion of the
conient argument (e.g. being poured), then they would allow water to be the object.
Gropen et al. predicted that children who thought that fiil's semantics specified that its

content argument was affected (e.g. by selecting pictures of pouring as exemplifying fill)

13The precise details of the syntax and semantics and their relationship are outside of the scope of this
paper.
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would be the same children who made syntactic errors such as saying fill the water into the
sink. On their account, children could learn the correct semantics using only positive
evidence (e.g. hearing fill used without pouring as when a cup is dipped in a punch bowl)
and crucially, once the semantics is learned from positive evidence, the linking rule fixes
the syntax automatically, allowing children to unlearn their errors without negative
evidence. If negative evidence really were generally available, it is unlikely that the
empirical evidence would support the existence of these mechanisms, because they would
be solutions to non-problems. But there is evidence for internal mechanisms. For example,
Marcus et al. (1992) showed that children are more likely to overregularize verbs to which
they have less exposure. As exposure to correct past tense forms increases,
overregularization errors decrease, hence supporting the Inflectional Blocking hypothesis.
Gropen et al. (1991) found that semantic errors do indeed correlate with syntactic errors;
children that make semantic errors with fill are the same ones that use the wrong syntactic
frames for fill, hence supporting the existence of the object affectedness linking rule. These
examples suggest that internal linguistic mechanisms are real and that there is no need for
negative evidence. Finally, it is important to reject the notion that nativist explanations of
language acquisition depend on the lack of negative evidence. Even if perfect negative
evidence were available, innate constraints on the generalizations which children make
would be necessary because many plausible errors simply never occur. For instance,
children never go through a period where they erroneously form yes-no questions by
moving the first is to the front of the sentence. Although one can turn The man is hungry
into Is the man hungry?, children never, by a false analogy, turn The man who is hungry is
ordering dinner into Is the man who hungry is ordering dinner? (E.g. Chomsky, 1965,
1980; Crain and Nakayama, 1987). More generally, at every stage of language acquisition
-- inferring the meaning of a new word or morpheme, creating a morphological or syntactic

rule, or determining the subcategorization frame of a new verb -- the child can make an
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infinity of logically possible generalizations, regardless of whether negative evidence
exists. The child simply cannot cycle through all logical possibilities and check to see what

his parents say about each one.

Children do learn languages; but they appear to do so without requiring negative
evidence: Complete feedback and partial feedback do not exist. Noisy feedback, the signal
that has been claimed to exist, may largely be an averaging artifact and is at best available
in a fraction of the circumstances in which it would be needed. Many of the observed
patterns of noisy feedback are likely to be averaging artifacts and definitional artifacts, but
even if there were no artifacts, the child would need to say a sentence such as fill the little
sugars up in the bow! more than 85 times to be sufficiently confident that it was an
ungrammatical sentence. There is no existing evidence that noisy feedback can account for
the unlearning of grammatical errors, and given the iniierent weakness of noisy feedback it
is also extremely unlikely that any yet-to-be-discovered interactional patterns would be
adequate to account for language acquisition. These considerations suggest that the
problem of accounting for children’s avoidance and recovery from errors in language
acquisition is likely to be explained by the nature of their internal learning mechanisms.
The specific mechanisms I have discussed, such as Inflectional Blocking and Linking
Rules, are not the only ones that have been proposed and may not be empirically correct.
But any explanation of language acquisition that depends on parental feedback seems
unlikely to succeed, and quantitative examinations of interaction patterns in parent-child

conversation are unlikely to shed much light on this important issue.
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Appendix: Definitions of Parental Reply Categories

Hirsh-Pasek, Treiman, and Schneiderman (1984)

Strict Repetitions [were coded if the parent repeated] the child’s exact wording with
the possible exceptions that (a) ill-formed aspects were rendered in their correct
grammatical form as in People lives in Florida => People live in Florida. (b) I and you were

appropriately interchanged.

Loose Repetitions. [were coded if] (d) content words were replaced with proforms or
vice versa ... (¢) modifiers were added or deleted ... (f) a phrase of the child’s utterance was
repeated without the rest of the utterance ... or (g) the child’s utterance was embedded with

a longcr sentence.

Demetras, Post, and Snow (1986)

Approval/correction: These utterances are explicit responses to the child’s preceding
utterance thai either approve or give negative feedback to the child. Words such as yes, no,

that’s right, signal explicit feedback.

Repetitions. Four types of repetitions [were] coded: exact, contracted, expanded, and
extended. The use of deictic forms (e.g. substitution of you for me, come for go) are

accepted as repetitions.

Exact Repetitions [were coded if the parental reply was] Exact repetition of what the

child said.

Contracted. [were coded if the parental reply was a] Shortening of the child’s

utterance in any way.

Expanded Repetitions. [represented a] Correction of child’s utterance with

appropriate syntax or morphology. Child: daddy house/ Mother: Daddy’s house.
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Clarification Questions These responses refer directly to the child’s preceding
utterance. Questions that start a new topic are not included. Also any questions requesting

knowledge from the child are not included. The different types of questions are as follows:

Wh- Questions ... must start with a wh-word and clarify, otherwise scored as a Move-

On.

Occasional Questions are Questions that have a wh-word embedded in them: You

went where?

Repetition Questions.These are repetitions (as described above) that have a rising

intonation contour at the end of the sentence.

Move-ons (MO): In these utterances the mother uses the same topic or starts a new
topic, but does not ’negotiate’ with the child for meaning. We infer that the mother

understands what the child said, accepts it, and moves on with the conversation.

Penner (1987)

Topic extensions. .. continued the current topic of the interaction, but did not qualify
for the placement in another category, such as repetitions or expansions. The topic was

defined by the nonverbal as well as the verbal context of the interaction.

Verbal agreement/approval. included confirmations, agreements, or praise using

words like "Yes." "That’s right", "Good," and "OK."

Expansions: Parents repeated all of part of the utterance and made additions and other
grammatical or semantic changes to words and morphemes in the utterance. Parental
responses that qualified as expansions were judged to function to expand upon the previous

child’s utterance (e.g., C: "Ball fall" A: "The ball fell down").

Repetitions: The parent repeated all or part of the child’s utterance without adding to

the utterance.
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No response: The child’s utterance was followed by a pause of at least 2 sec. that did

not contain a verbal or nonverbal parental response or another child’s utterance...

Confirming questions. ... included expansions and repetitions that were accompanied
by question inionation. Therefore, this category contained a subset cf thesresponses that

were also defined as either expansions or repetitions.

Bohannon and Stanowicz (1988)

Exact Repetitions consisted of verbatim reproductions of the child’s entire preceding

utterance.

Contracted Repetitions: consisted of the reproduction of a reduced set of elements

from the child’s preceding utterance.

Expanded repetitions were coded if the adult reproduced major elements of the

child’s utterance and added new information.

Recasts [were coded] if the adult preserved the child’s meaning but replaced elements

of the child’s utterance (e.g. C: "That be monkey"; A: "That is a monkey")

Clarification questions were ... questions that related to the children’s previous
utterance without requesting any new information. {but note that not replicable not o
mention that they collapsed children, levels} and counted other adult repetitions with rising

terminal intonation as exact, contracted, recasted, and expanded.

Morgan and Travis (1989)

No Response. ...if one or more child utterances immediately followed the utterance
containing the error and if no utterance in the subsequent adult conversational turn was

explicitly related (via complete or partial imitation) to the error-containing utterance.

Expansions: If any utterance ... expanded the child utterance, e.g. (C: Where other

stick? P: Where is the stick?)
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Imitations: If the adult exactly repeated the child’s utterance (reversals in pronouns

and deictic terms notwithstanding).

Clarification Questions: If any adult utterance had the force of requesting the child to

repeat all or part of the erroneous utterance.

Confirmation Questions: If the adult reply to the erroneous utterance was a yes-no

question pertaining to the linguistic content of the error-containing utterance.

Move-on. If no other category is applicable.
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Figure 2: Proportion of child utterances of a given sentence which are followed by a reply
instance, given n = 446. The vertical line, at p(obs) = .16, represents both the lower
bound of the 99% confidence interval of pr{ungr) and the upper bound of the 99%
confidence interval of pr(gr}. Thus, the region of ambiguity is zero. The left, dotted, '

region indicates the confidence interval of pr{gr}. The rigﬁt, hatched, region represents

the confidence interval of pr{ungr].
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PART II

Overregularization in J.anguage Acquisition

7:
Introduction

Overregularizations like comed and foots are among the most conspicuous
grammatical errors in child language, and they have been commented upon for as long as
language development has been studied (Chamberlain, 1906; Bateman, 1916; Guillaume,
1927; Smith, 1933; Carlton, 1947; Carroll, 1961; Menyuk, 1963; Ervin & Miller, 1963;
Ervin, 1964; Miller & Ervin, 1964; Brown & Bellugi, 1964; Cazden, 1968; Slobin, 1971;
Brown, 1973; Kuczaj, 1977a, 1981; Slobin, 1978; Bybee & Slobin, 1982a; see Edwards,
1970). These errors are made possible by the fact that English has two ways of creating
inflected forms. Most verbs add the suffix -ed to their stems to form the past tense, but
about 180 exceptional or "irregular” verbs form their past tenses in idiosyncratic ways such
as a vowel change (come-came), replacement of a final consonant or rhyme (make-made,
teach-taught), substitution of another form (go-went), or no change at all (cut-cut).
Overregularization errors consist of applying the regular pattern to an irregular stem. Since
children do not hear these forms from their parents, the errors reveal the operation of a
creative process, presumably corresponding to a mental operation implementing the

-ed-suffixation rule posited by grammarians.

Past tense overrezularization is just one kind of error in one peripheral aspect of one
component of the grammar of one language. Nonetheless it has assumed a surprising
prominence in cognitive science over the past several decades. Overregularization has been
offered as the quintessential demonstration of the creative essence of human language

(Chomsky, 1959), and of the necessity of explaining cognitive processes by rules and
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representations rather than by rote and reinforcement (e.g., Brown & Bellugi, 1964,

Lenneberg, 1964; McNeill, 1966; Slobin, 1971; Smith, Langston, and Nisbett, in press).

Overregularization has also become famous because of its interesting developmental
course, first noted by Ervin & Miller (1963; see also Miller & Ervin, 1964; Cazden, 1968;
Pinker & Prince, 1988). The first overregularization errors seem to appear after a period in
which children, when they mark tense on irregular verbs at all, do so correctly.
Overregularization thus represents a decline in performance in overt tense marking,
resulting in a "U"-shaped curve if the proportion of irregular past tense forms that are
correct is plotted against age. The nonmonotonicity has been taken as evidence for
successive "reorganizations" of the child’s linguistic system, reflecting a tendency to ferret
out generalizations and to prefer them to exceptional forms which later must be reintegrated
in some fashion. As an example of cognitive reorganization triggered by a fondness for
regularity, overregularization has ofteneen considered paradigmatic of language
development (Slobin, 1973; Bowerman, 1982) and cognitive development (Strauss, 1982;
Bever, 1982) in general. It has been used as a metaphor for psychological processes ranging
from solving balance-beam problems (Karmiloff-Smith and Inhelder, 1974/1975) to
learning computer user interfaces (Grudin & Norman, 1991) to developing expertise in

medical decision making (Patel and Groen, 1991).

Recentiy, explaining overregularization has become relevant to the very foundations
of cognitive science. Virtually all discussions have implicitly assumed that
overregularizations ca;l only be modeled in principle by some explicit representation of a
rule in the child’s head. Rumelhart and McClelland (1986, 1987) showed this assumption to
be false. They devised a computer simulation of an associative network that acquired
hundreds of regular and irregular verbs and generalized properly to dozens of new verbs
that it had not been trained on. More strikingly, the model appeared to go through a U-

shaped developmental sequence, first producing irregular verb forms correctly and later
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overregularizing them, and seemed to manifest several other effects previously known to
characterize children’s behavior. But the model had no explicit representation of words,
rules, or a distinction between regular and irregular systems; it simply mapped from
features standing for the sounds of the verb stem to features standing for the sounds of the
past tense form. The Rumelhart-McClelland Model is a prominent representative of the
"Parallel Distributed Processing”" ("PDP"), "Connectionist," or "Neural Networks"
approach, in which cognitive processes are modeled as densely interconnected networks of
simple neuronlike units. Its apparent success is commonly seen as a dramatic piece of
support for the PDP approach in general, and as posing a severe challenge to rule-based
approaches to language and cognition (see, e.g., Rumelhart & McClelland, 1986;
McClelland, Rumelhart, & Hinton, 1986; Smolensky, 1988). One reviewer (Sampson,
1987), writing in the Times Literary Supplement, called the potential implications of the
Rumelhart-McClelland model for the study of language "awesome", because "to continue
teaching the subject [linguistics] in the orthodox style would be like keeping alchemy

alive."

Pinker and Prince (1988) and Lachter and Bever (1988) have challenged the
psychological reality of the Rumelhart-McClelland Model on a variety of grounds. But they
praised it for the unprecedented precision of its quantitative predictions about child
language data. Indeed, Rumelhart and McClelland were far ahead of the field of
developmental psycholinguistics in the quality and quantity of data required for proper tests
of thcir hypotheses. As such they have underscored the absence of systematic quantitative
reports of the developmental course of overregularization, its distribution across children,
verbs, and time, its relation to the child’s vocabulary size, and the lexical factors that cause
some verbs to be overregularized more than others. This data gap has icft many

fundamental questions unanswered.

The phenomenon of overregularization itself is not in doubt, nor is the creative nature
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of the psychological processes that cause it, which reveals itself in other ways. Children
frequently inflect their own invented verks such as speeched (Chamberlain, 1906), by-ed (=
"went by"; Miller & Ervin, 1964); eat lunched (Kuczaj, 1977a), broomed (Clark, 1982), and
grained (Pinker, Lebeaux, & Frost, 1987). In many experiments, beginning with Berko’s
(1958) classic "wug test," children are given a made-up verb and are then asked to use it in
a past tense context, such as "Here is a man who likes to rick. He did the same thing
yesterday. Yesterday he ___." The children readily produce appropriate forms such as
ricked, and when provided with an existing irregular stem, frequently overregularize it
(Berko, 1958; Miller & Ervin, 1964; Anisfeld & Tucker, 1967; Bryant & Anisfeld, 1969;
Kuczaj, 1978; Derwing & Baker, 1979; Pinker, Lebeaux, & Frost, 1987; Marchman, 1988;
Cox, 1989; Kim, Marcus, Hollander, and Pinker, 1991). In other experiments children have
been found to judge overregularizations (Kuczaj, 1978) or made-up forms resembling
regularly inflected forms (Anisfeld, Barlow, & Frail, 1968; Anisfeld & Gordon, 1968) as

acceptable.

Beyond the mere fact that children do more than memorize their parents’ verb forms,
however, not much is known about the details of overregularization. Nowhere in the
literature can one find solid answers to such basic questions as: How often do children
overregularize? (1% of the opportunities? 50%? 100%7?) At what age do they start? At
what age do they stop? What is the developmental curve for irregular verbs, and does it
really look like a U? Are all verbs overregularized, or only some, and what factors account
for differences among verbs? How is overregularization related to other events in
children’s language development, such as their vocabulary growth, and the syntax of tense
marking? Given how often overregularization has been used to explain other things, it is

surprising how little about the phenomenon itself has been documented.

This monograph is an attempt to fill these gaps. Using the large set of transcripts of

children’s spontaneous speech recently made available by the Child Language Data
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Exchange System (ChiLDES; MacWhinney and Snow, 1985, 1990), together with
previously published tallies of children’s vocabulary and new unpublished data, we
document the process of overregularization in quantitative detail. With these data in hand,
we will be in a position to evaluate explanations of the psychological processes causing

overregularization.

Presumably children are not designed to overregularize per se; their errors are a
temporary side effect of a mechanism designed to learn the language. Thus our
investigation of overregularization is organized by a research program addressed to the
central question of language acquisition research: how children acquire the ability to
produce and understand an infinite number of sentences of their native language from the
finite sample of speech available in conversations with adults. The "learnability approach”
to language development (see Pinker, 1979, 1984; Wexler & Culicover, 1980) seeks to
characterize these learning mechanisms; it treats language acquisition as a difficult software
engineering problem and attempts to understand how children solve it. The approach
dictates the starting point for this monograph (or indeed, for any systematic study of
language development). One must begin with an analysis of what is learned, what
information is available to learn it, and what kind of computational mechanisms are capable
of carrying out the learning task successfully. Such mechanisms define hypotheses about
the psychology of the child, which can then be tested and refined against developmental
and linguistic data. (As we shall see, overregularization is a prime example of one of the
fundamental problems in understanding language learnability: how children avoid or
unlearn errors in the absence of parental corrections.) Learnability is not a theory but a
research problem, and as such it in no way presupposes the nature of the child’s language
learning mechanisms (e.g., whether they are symbolic rules or connectionist networks;
whether they are specific to language or widely applicable across many cognitive domains).

What it does is pick out the central empirical fact to be explained -- that children, at some
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point, become capable speakers of a language -- and it seeks an explanation in terms of
explicit computational operations, not metaphors or impressionistic descriptions. As such, it
attempts to characterize the innate mechanisms responsible for human linguistic abilities.
This does not single out learnability research as a "nativist" approach, because all explicit
theories involving learning must at some point specify the innate mechanisms that do the

learning if they are to avoid an infinite regress.

The first substantive chapter of the monograph, then, lays out the logic of linguistic
irregularity and overregularization, and proposes a simple psychological hypothesis of how
children could learn the irregular system and why they might produce errors while doing so.
We outline behavioral predictions relevant to this hypothesis, and the current state of the

evidence concerning them.

After a chapter describing the subjects and methods, we present the vital statistics of
overregularization. We begin by estimating the overall rate of overregularization, a figure
of obvious importance: as we shall see, one’s explanation of children’s behavior would be
very different depending on whether they make overregularization errors almost none of the
time or almost all of the time. We then examine whether the rate of overregularization
substantially varies across time, children, verbs, and combinations of these sampling units,
For example, we test whether an overall steady overregularization curve for a child might
actually be a composite of curves for individual verbs each overregularized intensively for a
brief period. We also compare the rate of overregularization to the rate of inflecting regular

verbs, and define and search for "U-shaped" developmental sequences.

In the next chapter, we examine a hypothesis that underlay the surprising ability of
the Rumelhart-McClelland model to display U-shaped development. The hypothesis is that
overregularization is triggered by an increase in the proportion of regular verb forms that
the child processes during development. We first discuss the complex issue of how exactly

one should compare the behavior of network simulations and children. On the basis of this
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discussion, we correlate children’s overregularization rates with changes in the number of
regular verbs and the pioportion of regular verbs among all verbs in the children’s speech,
the speech they hear from their parents, and the children’s vocabularies. Measuring
vocabulary size is a notoriously difficult problem in language development, and we present

a novel technique which we also compare to other estimates in the literature.

In the next chapter we examine evidence that points to the development of the entire
productive tense marking system, rather than the balance of regular and irregular verbs
among the vocabulary items feeding it, as the immediate cause of the onset of

overregularization.

The final empirical chapter tests hypotheses about the causes of overregularization by
focusing on inherent properties of different verbs that might cause them to be
overregularized more or less often. We consider factors related to memory strength (the
frequency of an item in parental speech and its similarity to related items in parental
speech), the relatedness of a stem to its past form, and the complexity of the mapping from
stem to irregular form. This chapter includes a test of a second hypothesis inspired by the
Rumelhart-McClelland Model, that regular and irregular marking are computed in a single

pattern associator.

In the concluding chapter, we summarize the findings, integrate them within a simple

theory, and discuss related theoretical issues.
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8:
Theoretical Background
At first glance, the development of overregularization appears to have a
straightforward explanation. This traditional explanation, employed both within
psycholinguistics and in the other branches of cognitive science that have used
overregularization as a metaphor, relies on a dissociation between two psychological
processes: rote memory and rule deployment. The rote process memorizes verb forms one
by one, and the child can use it at the outset of language development: Children hear their
parents say broke, so they say broke. But the English regular past tense rule is not present
at the outset of language development, and the child cannot deploy it until he or she has
learned it, presumably by abstracting the regular pattern from a set of regular forms
accumulated over time from parental speech and juxtaposed as past and stem forms of the
same verb (walk-walked, use-used, play-played, etc.). The young child sticks to correct
forms because they are available from rote memory and there is no machinery capable of
overregularizing them yet; the older child, possessing the rule, can apply it to irregular

stems, resulting in overregularization errors.

The straighttorward explanation is inadequate. The problem is that it does not point
to any difference between the rule-possessing child and the rule-possessing adult. But there
is a difference: children say comed and adults don’t. If children say comed because they
possess a regular rule, why don’t adults, who also possess the regular rule, say it too? In
fact, the standard explanation in terms of a progression between a rote-only child and a
rote-plus-rule child does not make any predictions about overregularization appearing at all.
It predicts that the younger, ruleless child would fail a wug-test (where the child has to
provide an inflectcd form for a novel word like fo wug), whereas the older, rule-possessing
child would pass one. For similar reasons it predicts that the young, ruleless child would

inflect familiar irregular verbs correctly (e.g., broke) while leaving new ones unmarked
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(e.g., stick), whereas older children would inflect familiar irregular verbs correctly (e.g.,
broke) and overregularize new ones (e.g., sticked). But it does not predict that children who
first use a given verb properly (e.g., broke) would later err on that very verb (e.g., breaked),
which they do (Ervin & Miller, 1963, Cazden, 1968; the phenomenon is documented in
more detail in Section 10). Possessing a rule that can be applied to novel verbs, and
applying a rule to existing verbs that already have a past tense form and that do not allow

the rule, are two different things, and the traditional account does not distinguish them.

For similar reasons, the rule-rote distinction sheds little light on the other arm of the
U, in which breaked gives way to exclusive use of broke. Once children have developed a

rule and are overapplying it, how and why do they curtail its use?

Clearly, understanding the developmental course of overregularization requires more
than distinguishing between rule and rote: We must examine how the regular rule interacts
with irregular items. Specifically, to explain differences between children and adults in how
irregular verbs are treated, we must first understand how adults treat irregular verbs. Then
we can ask what children might be doing that adults are not. We must also examine the
information about irregular verbs available from conversation with adults that the child’s
language learning process might feed on. With knowledge of what is learned, and what
information is available to learn it, we can develop a theory of how the learning works, and

why it might result in errors in intermediate stages.

In this chapter we review the current state of knowledge on these issues (deferring
discussion of the Rumelhart-McClelland model to Chapter 11), and will develop a
hypothesis that appears adequate to account for both the development and the cessation of
overregularization. The hypothesis is extremely simple, uniting a standard proposal from
formal linguistics -- that in the human language system, irregular memorized items block
the application of regular rules -- and a standard proposal from cognitive psychology -- that

retrieval of items from memory is probabilistic and sensitive to frequency of exposure.
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According to this hypothesis, children’s language system, like that of adults, is designed so
that retrieval of an irregular form suppresses overregularization, but retrieval is imperfect,
and when it fails, the regular rule applies as a default, leading to overregularization errors.
The hypothesis will lead us to an equally simple empirical prediction: that at all ages,
evidence that the child’s system is designed to suppress overregularization should be
available in the form of low overall rates of overregularization in comparison to utterances
containing the correct irregular form. We will then compare this prediction to competing
ones in the literature. This will set the stage for our investigation of the basic quantitative

facts of overregularization in the following chapters.
Blocking of Regularization by Irregular Verbs in Adults

Let us begin with a deceptively simple question. Why are overregularizations "errors"
at all? This is not intended as a prescriptive question about what one ought to say, but as a
descriptive question about what adults do say. Adults who speak the most common dialect
of American English do not say breaked, and judge it as sounding deviant or childlike

(Pinker and Prince, 1988; Ullman and Pinker, 1990, 1991).

The answer is surely not that overregularizations are defective in terms of
communicative function; the meaning of breaked is perfectly clear. In fact any child who is
willing to overregularize has a communicative advantage over adults. No-change verbs in
the adult language like cut and set are ambiguous between past and nonpast: On Wednesday
I cut the grass could mean last Wednesday, next Wednesday, or every Wednesday; On

Wednesday I cutted the grass could only mean a preceding one.

Another unsatisfactory answer is that adults don’t say breaked and cutted because
they have never heard other adults say them. It is unsatisfactory because it assumes that
adults would fail a wug-test, and clearly they do not; people don’t stick conservatively to
the past tense forms they heard their parents use, or that they currently hear other adults use.

Adults have no reluctance in creating or accepting past tense forms of verbs they never
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encountered before, such as John plipped or Yeltsin has finally out-Gorbachev'd Gorbachev
(Kim, Pinker, Prince, and Prasada, 1991; Prasada and Pinker, 1991). Indeed new verbs
enter the language frequently, such as snarf (retrieve a computer file), scarf (devour), frob
(randomly try out adjustments), and mung (render inoperable), and their past tense forms do
not require separate introductions. In other words, one cannot explain why adults avoid
breaked by saying "they’ve never heard anyone else say breaked," because adults have

never heard anyone else say snarfed, either, but they don’t avoid snarfed.
The Blocking Principle

The problem with overregularizations is not that they have never been heard before;
it’s that the irregular counterpart has been heard. Clearly there is a psychological
mechanism that causes the experience of hearing an irregular form to block the subsequent
application of a regular process to that item. Thus several linguists have defined this
phenomenon in terms of a Blocking principle, (Aronoff, 1976; Kiparsky, 1982; see also
Pinker, 1984, who called it the Unique Entry principle): an idiosyncratic form listed in the
mental lexicon as corresponding to a particular grammatical modification of a word (past
tense, in this case) blocks the application of a general rule that would effect the same
grammatical modification. Thus broke, listed as an idiosvncratic past tense form of break,
blocks application of the regular past tense rule, pre-empting breaked; geese, listed as a
plural of goose, blocks gooses; better, listed as a comparative of the adjective good, blocks
gooder. Of course, some verbs do have two commonly-heard past tense forms, as in dived
and dove; for them, the regular version, which is idiosyncratic in the very fact of flouting
the Blocking principle, would be recorded from the speech input just as if it were an

irregular (Pinker, 1984; Ullman and Pinker, 1990).

Now that we have a mechanism that causes overregularizations to be treated as
deviant by adults, we can state the developmental problem more precisely: Children do not

apply Blocking in the same circumstances that adults do. The question now is, why not?
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One obvious possibility is that children might have to learn the Blocking principle, and
overregularizations appear during the stage before they have done so. In the following
section, we show that this hypothesis is probably wrong and that the source of children’s
overregularization errors must be sought elsewhere. Before doing so, however, we add a

few remarks about the status of the Blocking Principle.
The Psycholinguistic Status of the Blocking Principle

Blocking is not just a restatement of the fact that overregularizations are deviant-
sounding, nor is it a general prohibition against synonyms. Rather, it is a principle
specifically governing the relations among the inflected versions of a given stem. Every
word in a language implicitly defines a matrix or "paradigm"” of its grammatically modified
forms (first person singular present, first person plural present, first person singular past,
and so on); see Carstairs (1987). Blocking dictates that any cell of the matrix for a given
word that is filled with an unpredictable specific entry from the input may not also be filled
by applying a general rule for that particular combination of grammatical features. It thus
can be interpreted as a psychological mechanism that suppresses the operation of the

regular rule in these circumstances. !4

Blocking thus differs from a pragmatic prohibition against synonymy, such as Clark’s
(1987, 1990) "Principle of Contrast" stating that "every two forms contrast in meaning."
First, Blocking only rules out competing morphological variants, and is agnostic about
synonyms in general (e.g., it does not rule out couch and sofa; see Gathercole, 1987, 1989,
for recent arguments that languages tolerate true synonyms, and Clark, 1988, 1990, for

counterarguments).

14The Blocking principle, in turn, might be reducible to Kiparsky’s (1982) more general "Elsewhere
condition”: if the conditions licensing one morphological process constitute a proper subset of the conditions
licensing another morphological process, then whenever the conditions of both processes are met by some
item, only the process with the more restrictive conditions may apply; the other process thus applies
"elsewhere.” In this case, an irregular form like broke applies in the conditions "past tensc of the verb break”
and the regular rule applies in the more general condition "past tense of a verb," so the latter is pre-empted.
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More importantly, there are empirical reasons why Blocking per se, not Contrast, is
needed to explain the unregularizability of irregular verbs. Neither violations of Blocking
nor conformity to it are predictable from the availability of contrasts in meaning. Members
of variant pairs such as leapt-leaped, dived-dove, sneaked-snuck do not differ reliably in
meaning (or do so with near-imperceptible subtlety); they seem to be recorded by the
learner in response to the brute fact of hearing them (later we discuss one reason why they
arise to begin with). Conversely, verbs like put, make, give, take, have, come, go, throw
each have dozens of extremely distinct meanings, especially in combination with particles
such as out, up, off, in, out, and away. Nonetheless without exception speakers are not
tempted to use the regularized .ersions of these verbs to express the contrasting meanings;
taked the punishment stoically, gived away the answer, haved a ball, maked out, and so on,
are always impossible. This shows that different past tense forms do not necessarily evoke
different meanings, and different meanings do not systematically call for different past
tense forms (see Pinker & Prince, 1988, Kim, Pinker, Prince, and Prasada, 1991, and

Ullman & Pinker, 1990, 1991, for discussion).

In addition, Blocking just rules out certain kinds of forms in a specific level of
grammatical representation; it does not guarantee that an alternative way of expressing a
given notion exists, and thus it differs from a communicative principle like Contrast that. is
designed to provide a speaker with exactly one way to express each notion. In fact, there are
special circumstances where Blocking applies but the irregular is ruled out for other reasons
and the speaker is left with an expressibility gap. In particular, Blocking applies at a
specific level of the mental representation of word forms, not to entire words; roughly, it
applies at the level of inflected stems. An entire word may consist of a stem plus a
(noninflectional) prefix. For example, speakers of English intuitively perceive forgo as
containing the stem go. Hence they cannot say forgoed because went, the listed past tense

form of the stem go, blocks the application of the regular rule to go. But unlike Blocking,
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speakers’ sense of the familiarity or naturalness of an irregular form is a phenomenon that
takes place at the level of the entire word, not the stem.!5 Forgo is a relatively uncommon
word and uses in the past tense are even rarer, so forwent, while not sounding
grammatically impossible like forgoed, nonetheless sounds stilted and unnatural (Pinker &
Prince, 1988; Ullman and Pinker, 1991). The verb thus has no perfectly usable past tense
form: The regular past is ruled out by Blocking (applying at the level of the stem), the
irregular past is tainted by unfamiliarity (applying at the level of the entire word). This
shows that Blocking is a mechanism operates on specific representations of the speaker’s

grammatical system.

Blocking as a Means of Recovering from Childhood Errors in the

Absence of Parental Negative Feedback

Logically speaking, given the Blocking principle, children could learn that forms
such as breaked are not English; they would just have to hear their parents say broke.
Conversely, given the knowledge that forms like breaked are not English, they could learn
the Blocking principle. (As we saw, not hearing one’s parents say breaked is not enough,
because parents never say wugged either, and it is admissible.) Are there any empirical
reasons to choose between these possibilities? In this section we suggest that it is unlikely
that children acquire Blocking from evidence about which forms are ungrammatical; it is
far more likely that they determine which forms are ungrammatical using Blocking. The
problem stems from the concept "the knowledge that forms like breaked are not English"

or, more generally, "evidence about which forms are ungrammatical."

Negative Evidence and Overregularization

5By “irregular form" here we mean "completely irregular,” including the meaning of the combination of
the prefix and stem, as in forgo, whose meaning is not predictable from the combination of for- and go. This
differentiates it from compositionally prefixed forms whose stems preserve their meanings, such as retake or
overdo.
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A significant problem in explaining language acquisition is that children do not
receive "negative evidence": feedback from parents indicating, for any string of words they
may utter, whether it is a grammatical senteace.  Children are not corrected or
misunderstood more often when they spzak ungrammatically (Brown & Hanlon, 1970), and
although it is occasionally suggested that there is weak statistical information about
grammaticality in the differential likelihood of parents’ repetitions, expansions, or topic
changes, there is considerable doubt as to whether such information exists and whether it is
necessary or even useful to the child (see Bowerman, 1987, Gordon, 1990; Pinker, 1989;
Grimshaw & Pinker, 1989; the literature and issues are analyzed in detail by Marcus, 1991).
A lack of negative evidence means that if the child ever develops a linguistic system that
generates a superset of the target language (all the grammatical forms in the target
language, plus some ungrammatical forms, not in the target language), the parental input
cannot tell the child anything is wrong (Gold, 1967; Pinker, 1979; Osherson, Stob, and
Weinstein, 1985). To explain how the adult grammar is attained, then, one must explain
either how the children avoid generating supersets, or, if they do, how they expunge their

errors.

Overregularization errors in particular pose this problem. A child who is producing
breaked and broke is speaking a superset of adult English in this domain, which only allows
broke. And overregularization errors in particular do not reliably occasion negative parental
feedback. Kuczaj (1977a, p. 599) noted that in his investigation the children (especially his
son Abe who was the main subject) were not systematically corrected for overregularization
errors; the following typical chunk of dialogue, which we have found in transcripts of
conversations between Kuczaj and Abe (MacWhinney & Snow, 1985), illustrates his
observation:

Father: Where is that big piece of paper I gave you yesterday?

Abe: Remember? I writed on it.
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Father: Oh that’s right don’t you have any paper down here buddy?

Moreover it seems unlikely that children attend to corrections, requests for clarification,

recastings, and so on, when they do occur. For example Zwicky (1970), in describing

systematic overregularization of participles by his 4 1/2 year old daughter, reports that "six

subsequent months of frequent corrections by her parents had no noticeable effect." The

following dialogue, from Cazden (1972), gives the flavor of such attempts:

Child: My teacher holded the baby rabbits and we patted them.
Adult: Did you say your teacher held the baby rabbits?

Child: Yes.

Adult: What did you say she did?

Child: She holded the baby rabbits and we patted them.

Adult: Did you say she held them tightly?

Child: No, she holded them loosely.

More precisely, Morgan and Travis (1989) report a quantitative study on the
availability of negative evidence about overregularizations, and its relation to children’s
recovery from such errors. They tabulated the number of overregularization errors and
errors in wh-questions, and their correct alternative forms, in the speech of the children
known as Adam, Eve, and Sarah (Brown 1973), and cross-classified them in terms of
whether the utterances were followed by parental expansions, exact imitations, partial
imitations, clarification questions, confirmation questions, atfempts to move the
conversation on, and no response. No consistent contingency was found between errors
and parental responses: for Adam, expansions and clarification questions were more likely
to follow his ungrammatical sentences; for Eve it was expansions and partial imitations that
occurred more frequently following her ungrammatical sentences; and for Sarah all five

response categories of parental response showed the opposite pattern, occurring more
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frequently after well-formed utterances. Unless a child can figure out the kind of parent he
or she has (e.g., a grammatical-sentence-expander or an ungrammatical-sentence-expander),
such feedback is useless (see Marcus, 1991). Moreover, Morgan and Travis showed that as
children get older, even this inconsistent feedback signal disappears. Since the errors
continue after the parent has stopped supplying potential feedback, unlearning the errors

must depend on some other information source.
How Blocking Obviates the Need for Negative Evidence

Presumably this information source is a constraint endogenous to the child’s
language system. Blocking is just the right kind of constraint: Children do not have to
receive direct information that breaked is ungrammatical; they can infer it from hearing
broke. In sum, because the input information needed to learn Blocking -- that forms like
breaked are ungrammatical -- is unavailable to children, it is unlikely to have been learned

from the input, but may be part of the machinery that does the learning. 16

If children’s language systems incorporated a mechanism implementing Blocking
(Pinker, 1984) or its equivalent (e.g.,, MacWhinney, 1978), we would have a
straightforward explanation of how they recover from overregularizations in the absence of
negative evidence, converging on the adult state. Each time an irregular past tense form is
heard in parental speech, the child can record it in the lexicon and the regular rule is

thereafter blocked from app'ying to it. Thus Blocking is consistent with a developmental

16Some such assumption has proven unavoidable to many researchers devising explicit models of language
learning, working in a variety of frameworks. For example, Anderson (1983) required a constraint similar to
Blocking when applying his symbol-processing model of cognition called ACT to the acquisition of
morphology (though the principle was not specific to language acquisition but constrained his production-
system architecture across all the tasks it was given). Rumelhart and McClelland (1986), in their very different
connecticnist model, also implemented machinery that carries out a version of Blocking. As we shall see, in
their supervised learning paradigm, a special input pathway was designed that presented a single "correct"
past tense form representing the parental input, and an error-correcting learning procedure acted to suppress
the tendency of the model to produce an output that deviated from it. Then a separate mechanism, the
Whole-String Binding network, which contains explicit representations of correct and overregularized forms,
sets them in competition with one another to select the form that best approximated the output of the network.
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sequence progressing from overregularization to correct performance (the adult state)
without negative evidence. Blocking would prevent children from ever generating a
superset of English; they would progress from breaked to broke, never saying both at the

same stage.
Evidence Raising Doubts About Blocking in Children’s Language Development

Unfortunately, when we examine the full developmental sequence of inflection in
children we immediately run into a problem. Blocking of overregularizations explains
monotonic improvement, not U-shaped development. That is, the principle only tells us
how children might get out of an overregularization stage. It does not explain how they got
into it; indeed, it seems to predict that the child should never get into it in the first place. A
child who respects Blocking should never allow the regular rule to apply to an irregular
form; the irregular would win the competition from the start, and no U-shaped sequence
should be seen. If children really go from correct irregulars to overregularizations back to
correct irregulars, the hypothesis that Blocking is inherent to children’s language system is

cast into doubt.

At first one might try to explain the full sequence as follows. Suppose Blocking is
just one manifestation of a more general One-to-One Principle, stating only that one of two
competing forms must be eliminated, not just that the form witnessed in the input
eliminates the one generated by rule. Such principles can be found in Clark’s (1987)
Principle of Contrast, Wexler & Culicover’s (1980) Uniqueness Principle, and Slobin’s
(1973) Operating Principle of One-to-One Mapping.!? If the competition between
regularized and irregular forms is two-way, rather than one-way, then two successive

replacements, each respecting the principle, would define a U-shaped developmental

17Clark’s Principle of Contrast acts more like Blocking per se when it is combined with her Principle of
Conventionality, which forces the child to use the form that is conventional in the speech community
whenever competing alternatives arise.
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sequence. In the first arm of the U, the listed form is eliminated by the newly acquired rule
(perhaps falling under the general phenomenon of "imperialism" of newly-acquired
inflectional rules discussed by Slobin, 1973, and MacWhinney, 1978). In the second,
Blocking per se, which requires that the form attested in the input always win out over the
one generated by a rule, applies. Crucially, in this hypothesis the child still avoids a
superset of English at all stages: broke is replaced by breaked which is in turn replaced by

broke; at no time may the two forms co-occur.

But this solution is inadequate. Aside from the fact that the imperialism phenomenon
(across-the-board preference for a newly acquired rule) is itself unexplained, the empirical
picture of U-shaped development it assumes, in which the child actually loses early
irregular forms, does not seem to be accurate given the (admittedly scanty) data available at
present. All the authors that have actually recorded overregularization errors note that these
errors coexist with, rather than replace, the early irregulars (Ervin and Miller, 1963;
Cazden, 1968; Kuczaj, 1977a, 1981). This is exactly what all the principles dictating unique
forms proscribe. Maratsos (1987) points to such coexistence, which can last for months or
years, as a reason to doubt the existence of such principles. Children, it seems, do generate
a superset of English (they use break and broke simultaneously), so if Blocking is the
explanation of how children eventually abandon this superset, it leaves it a puzzle why they

adopted it to begin with, and why they cetain it for so long.!8

Blocking and Retrieval Failure:

A Simple Explanation of Overregularization Errors

We appear to be at an impasse. The mechanism required to explain adult language

'8 Another possible solution, originally proposed by Kuczaj (1977a, 1981) is that children may fail to realize
that a given irregular form corresponds to the past tense version of some stem. Rather, they may treat the
irregular past as an independent verb, and Blocking would not apply. Errors would cease when the two verbs
were united, presumably when the child noticed that they were semantically identical except for pastness and
(in most cases) were phonologically similar as well. We discuss this solution in Section 13.
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(Blocking) seems to be systematically flouted by the child during a period in which correct
and overregularized forms coexist. But the information necessary to learn Blocking --
negative evidence through parental feedback -- does not exist. As a result, the processes
causing the appearance and disappearance of overregularization have been shrouded in
mystery, and it is tempting to treat it as a qualitative developmental stage that the child
enters and exits, driven by some fundamental reorganization. But positing two qualitatively
different kinds of machinery, one for children, one for adults, is not exactly parsimonious,
especially since no account has been proposed of how the unknown changing machinery

leads to the development of overregularization. Is there a simpler alternative?

One of them is proposed in MacWhinney (1978, p. 6-7) and Pinker (1984, p.
194-195). Say children possess a correct irregular in lexical long term memory and
represent it as the past of the corresponding stem, but either the content of the memory
entry for the irregular, the link to the stem, or both are not accessible 100% of the time. If
an irregular past tense lexical entry is not retrieved, it obviously cannot block
regularization. If the child intends to mark tense, and possesses a process for inflecting
arbitrary stems, the output will be an overregularization.!® Similarly, if the content of a

stored past tense form is retrieved, but without its "past tense" link or feature,

19The principal difference between MacWhinney's (1978) and Pinker’s (1984) expositions is that Pinker
takes the Blocking principle, as it was explicated and justified by linguists to explain adult knowledge, and
simply attributes it to the child, whereas MacWhinney introduced it as a specific new claim about the child’s
morphological acquisition system. Note that MacWhinney (1987) has since disavowed the claims that
regularizations are produced by a rule and that they are suppressed by rote forms across the board. He
proposed instead that regularizations are produced by a propertywise generalization process like that of the
Rumelhart-McClelland model, and that overregularizations are suppressed by specific, individually learned
inhibitions of each overregularized form by its irregular counterpart (1987, p. 285, p. 295). See also
MacWhinney and Leinbach (in press), and Section 14.
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overregularizations consisting of an affixed past stem would result, like broked or wented.20

The blocking-and-retrieval-failure hypothesis is appealing because it is deducible
from the very logic of irregularity, supplemented only by an uncontroversial fact about
human memory known since Ebbinghaus. What is the past tense form of the verb fo shend,
meaning "to shame"? If you answered shended then you have overregularized; the correct
form is shent (Bybee and Slobin, 1982b). Of course, this "error" is not surprising. Irregular
forms are not predictable (that is what "irregular” means), so the only way you could have
produced shent was if you had previously heard it and remembered it. But you have heard
it zero times, hence can’t have remembered it. Now, if in two years you were asked the
question again and overregularized it once more it would still not be surprising, because
you would have heard it only once. Since memory storage and retrieval are probabilistic,
with a higher probability of retrieval for items that have been presented to the learner more
often, hearing an irregular a small number of times should be only somewhat better than not
hearing at all. Thus low-frequency irregulars are inherently prone to overregularization

(Slobin, 1971; MacWhinney, 1978; Pinker, 1984).

Children, by definition, have not lived as long as adults. Among the life experiences
that one accumulates through the years is hearing the past tense forms of irregular verbs.
Many verbs for a given child will be like shent for an adult: never heard; heard but not
attended to; heard and attended to, but not enough times to be able to recall it on demand
reliably. A child should overregularize these verbs, even with a grammatical system
identical to adults’. If children’s memory retrieval is noisier than adults’, they should make

these errors even more often, holding number of exposures constant. But regardless of

20presumably the fourth logically possible retrieval pattern can occur as well: the existence of a stored past
tense form linked to a stem is registered, but its content cannot be recovered, a state like that studied in
memory phenomena such as Tip of the Tongue (Brown & McNeill, 1966), Feeling-of-Knowing (Hart, 1965),
and deep dyslexia (Coltheart, Patterson, and Marshall, 1980). In such cases we would not see
overregularization, because the activation of the irregular memory entry blocks the rule; nor would we see the
correct irreguiar, because its content is temporarily unavailable. What would surface is the unmarked stem.
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whether there are quantitative differences between children and adults, there need be no
qualitative differences; blocking of a regular rule by retrieval of an irregular stored in
memory, and a memory retrieval rate of less than 100%, are sufficient to account for the

phenomenon.

The retrieval failure hypothesis predicts that overregularization is not confined to
childhood, and indeed, it is not. Adults occasionally make overregularization errors in their
spontaneous speech (Stemberger, 1982; see Section 10). Errors occur even more often in
experiments where adults must utter past tense forms under time pressure, and for some
kinds of irregulars, the errors are more likely with the lower-frequency verbs (Bybee and
Slobin, 1982a). Even unpressured language use shows the forces of overregularization on
low-frequency verbs. About 35 irregular verbs admit regular past tense forms as more-or-
less natural alternatives in casual American speech, for example, dreamt-dreamed and
dove-dived (see Pinker & Prince, 1988, and Ullman and Pinker, 1991, for a list).
Stemberger (1989) and Ullman and Pinker (1990, 1991) have found that these "doublets”
have lower average non past stem frequencies than verbs that are exclusively irregular.
Moreover, within doublets, the frequency of the irregular past tense form correlates
significantly with experimental subjects’ ratings of the naturalness of the irregular versus
the regularized past tense forms: low frequency forms like slew, slunk, trod, rent, and strove
were likely to be preferred in regularized versions. Finally, the hypothesis is consistent
with the fact that irregulars in general tend to be high in frequency in English, and that
lower frequency irregular verbs in earlier stages of the language (e.g., geld-gelt,
cleave-clove, abide-abode) were likely to become regular over time (Bybee, 1985).2! Low

frequency past tense forms are always in danger of not being uniformly memorized in some

2IBybee examined 33 surviving verbs from three classes of strong verbs in Old English. Fifteen have come
through in Modern English as irregular verbs; 18 have become regular. The surviving irregulars have a mean
Francis & Kucera frequency of 515 over all their inflectional forms, 137 in the past tense; the regularized
verbs have a mean frequency of 21 over all forms, 5 in the past tense.
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generation; if so, the verbs, if they remain in the language at all, will become regular. Verbs

that survive as irregulars are thus more likely to be high in frequency.

In sum, the hypothesis of blocking with occasional retrieval failure augments the
traditional rule-rote distinction to explain the time course of overregularization errors as
follows. Very young children have not yet learned that English obligatorily marks tense and
that an -ed suffixation rule is available to do so. However they can memorize past forms
from their parents and occasionally use them; all past tense forms recorded from children
will thus be correct ones. Overregularizations appear when the regular rule is acquired. But
the previously acquired irregulars do not go anywhere, nor are they ever incapable of
blocking overregularization: they just have to be retrieved to be able to do the blocking, and
they are retrieved probabilistically. The cure for overregularization is living longer, hearing
the irregulars more often, and consolidating them in memory, improving retrievability.
Crucially, this account serves to demystify overregularization, requiring no qualitative

difference between children and adults during the overregularization period.
Predictions about the Rate of Overregularization

One crucial datum about overregularization is its actual rate as a proportion of the
child’s opportunities to make such errors. If overregularization occurred at a rate of 0%,
then Blocking alone would explain everything. Obviously the rate is not 0%. But
surprisingly, there are few hard data as to what it is, and this allows for an interesting

empirical test.
Predictions of the Blocking-and-Retrieval-Failure Hypothesis

The blocking-and-retrieval-failure hypothesis predicts that the child’s linguistic
system is at all times designed to suppress regularization of verbs remembered to be
irregular. This suppression of regularization cannot be perfect because the child’s memory

is not perfect, but it is as good as the child’s memory retrieval process. If we assume that
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children’s memory for words, though imperfect, is quite good (the child is, after all,
successfully using thousands of words, and acquiring them at a rate of approximately one
per waking hour; Miller, 1977), then overregularization should be the exception, not the
rule, representing the occasional breakdown of a system that is built to suppress the error.
The overregularization rate therefore, while not being 0%, should be as close to 0% as the
child’s rate of successful memory retrieval permits. Minimally, an observed
overregularization rate that is systematically less than 56% and not attributable to any factor
confounded with irregular forms would serve as evidence that the child’s language system
is biased against overregularization in favor of an irregular form when it is available.
Blocking effects exactly that bias, and the lower the rate turns out to be (assuming it is less
than 50%), the less need we would have for any explanation other than Blocking and

retrieval failure.

Children’s overall overregularization rate, of course, is a weighted average of rates
for different verbs, which themselves are predicted to range from 100% (for a verb never
heard or attended to in the past tense, like shent for adults) to 0% (for an overlearned verb).
But the best-learned verbs are the ones children hear their parents use most frequently, and
the verbs that parents use most frequently are also likely to be the ones that the child uses
most frequently and hence should be better represented in samples of children’s speech than
the rarer, hence more poorly memorized, hence more overregularization-prone verbs. Thus
the design of the child’s linguistic system to block regularization of irregular verbs should
be apparent in pervasively low rates of overregularization in children’s spontaneous speech

samples.
Competing Predictions

Strictly speaking, there are no alternative theories of the learning process in the
literature that can be said to make competing “predictions" about children’s

overregularization rate. (Rumelhart and McClelland do present an alternative theory, but
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we will save it for Chapters 11 - 13, because its critical predictions do not concern the rate
of overregularization.) The relation between data and hypothesis has generally gone in the
other direction: researchers have made rough assumptions about what the
overregularization rate is, and have drawn conclusions about the nature of the learning
process from them. But because few of the researchers cite actual data on the
overregularization rate, and because their idealizations of the data contradict one another,
the researchers are in effect making competing predictions about what the rate should turn
out to be in a large-scale quantitative study such as the one we are about to report. In this
section we treat these idealizations as predictions of the approaches they have been taken to
support, and compare them with the predictions of the blocking-and-retrieval-failure

hypothesis.

A rate of 100% is by far the most common idealization of the empirical picture in the
literature. Recall that it underlies the One-to-One Mapping hypothesis, which explains the
two phases of overregularization in ‘erms of subsequent replacement of irregulars by
overregularizations and overregularizations by irregulars. It also inspired the picture of the
child as the exception-hating rule-monger that was imported into other branches of
developmental psychology. As such the assumption of a 100% overregularization rate can
be found everywhere from textbooks to technical articles to the popular press. Here are
examples of each:

Interestingly, when the general rule is learned, children will often stop using the

previously learned irregular form and instead produce a regularized version. Thus
a child who had been using the correct past tense of sing -- namely, sang -- may
start using the form singed ... instead. Before the correct irregular form is again
learned, some children have been known to produce forms that combine the
irregular and the regular form. In the case of sing, this would be sanged. Thus

children may proceed through as many as five steps in the acquisition of soms=
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inflections ... No inflection, Adult Form, Overregularization, Transition, Adult

Form. (from the textbook Language Development, Reich, 1986, p. 148).

At this time [overregularization] the irregular forms that the child had used
earlier fade out in favor of the overregularized forms. When the irregular forms
later reassert themselves, they have a new status: they are no longer isolates
operating independently from their uninflected counterparts and from regular
inflected forms; rather, they are integrated into a system, as exceptions to it. (from
the theoretical chapter "Reorganizational processes in lexical and syntactic

development,” Bowerman, 1982b, p. 321).

The errors [children] do make are actually logical overgeneralizations of rules.
Instead of "He went," for instance, they may say "He goed" -- to them, a perfectly
reasonable past tense of "go." They reject irregularities. When they have learned
phrases by rote like "It broke" and "two mice," they will toss them out once they
become aware of past tenses and plurals, notes University of California
psychologist Dan Slobin. Suddenly, they start using "It breaked" and "two
mouses.” Says Jill de Villiers, only half joking: "Leave children alone and they’d

tidy up the English language." (from Newsweek magazine, Gelman, 1986, p. 85).

We find a subtly different idealization in the following, superficially similar
statement of the facts, from Eve Clark’s article arguing for the Principle of Contrast:
Children are pattern-makers. And when they begin to acquire the inflections
that mark tense, for instance, they typically take irregular verbs such as break,
bring, and go, and treat them as if they belonged to the regular paradigm of
walk, open, and jump. So the past tense of break is produced as breaked, bring as

bringed, and go as goed... (Clark, 1987, p. 19, emphasis added).
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Note that Clark is not claiming that irregular past forms are tossed out or even that they
fade; she only says that irregulars are treated as regular verbs. Crucially, most children,
while they are overregularizing, do not successfully inflect regular verbs with -ed 100% of
the time. Brown (1973) reports that none of the three children he studied were producing
regulars more than 90% of the time for six consecutive hours of samples during the time
they began to overregularize, though they achieved this criterion several months later. We
examine these data in detail in Section 12; for now assume that children inflect regular
verbs during the overregularization years at a success rate of 75%. In that case Clark’s
statement would be consistent with children overregularizing 75% of the time (or whatever
the actual rate of inflecting regular verbs turns out to be). Indeed it is broadly consistent
with children continuing to produce correct irregulars some proportion of the 25% of uses
that are not overregularizations. That, in turn, would be literally be consistent with the
finding discussed earlier that children use both overregularized and correct versions of a
verb during the overregularization stage, as long as the overregularization rate was always

capped by the successful suffixation rate for regular verbs.

However, many writers have interpreted the finding of coexistence as showing a
more extreme deviation from complete overregularization. For example, in reference to an
aspect of the development of verb argument structure that did not consist of complete
replacement of a correct form by an error, Bowerman (1982, p. 342) amends her earlier
summary of overregularization as follows:

However, it has become clearer in recent years that overregularization is not the

all-or-none phenomenon it was once taken to be: Irregular forms rarely drop out,
but rather continue to compete with their overregularized counterparts throughout
the period of error marking... The relative strength of the irregular and
overregularized forms in this competition reflects a complex interplay of factors,

such as how long the irregular forms have been part of the child’s repertoire
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before their role in a broader system is perceived, how frequently they have been

said or heard, whether the "irregular” forms are truly mavericks or belong to

minor patterns of their own, and whether the child routinely activates a newly

grasped systematicity in the course of sentence construction or perceives it only

more passively.
No clear value for the assumed overregularization rate is given, but "relative strength of
irregular and overregularized forms" implies in context that for some verbs
overregularizations predominate, for others the correct form does. There is no reason to
expect that overregularizations or correct irregulars are systematically preferred, and given
the large number of different biasing factors at work over a large number of verbs and
children, we might expect on statistical grounds that they would roughly even out and so we
can read Bowerman as hasing her theorizing here on the assumption that the overall
overregularization rate does not deviate from 50% by an amount large enough to attribute to

some pervasive single cause.

Maratsos (1983, p. 763), in his review chapter on language development in
Carmichael’s Manual of Child Psychology, is more explicit about his assumptions about
children’s overregularization rate:

Kuczaj (1977b) examired longitudinal samples for one subject, and 6-hour

cross-sectional samples for 13 children of different levels of competence. Again,
no evidence indicates that -ed overregularizations drove out irregular past forms.
Instead, even within individual verbs, overregularized and irregular forms
alternated, often for periods of months to years. Overregularization, in general,

ranged in frequency from .20 to .60 of the children’s uses.

It is not clear from Maratse