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The growth of lexical constraints
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In this study, we examined the influence of various sources of constraint on spoken word recog
nition in a mispronunciation-detection task. Five- and 8-year-olds and adults were presented with
words (intact or with word-initial or noninitial errors) from three different age-of-acquisition
categories. "Intact" and "mispronounced" responses were collected for isolated words with or
without a picture referent (Experiment 1) and for words in constraining or unconstraining sen
tences (Experiment 2). Some evidence for differential attention to word-initial as opposed to non
initial acoustic-phonetic information (and thus the influence of sequential lexical constraints on
recognition) was apparent in young children's and adults' response criteria and in older children's
and adults' reaction times. A more marked finding, however, was the variation in subjects' per
formance, according to several measures, with age and lexical familiarity (defined according to
adults' subjective age-of-acquisition estimates). Children's strategies for responding to familiar
and unfamiliar words in different contexts are discussed.

In the present study, we sought evidence bearing on the
growth of lexical knowledge and the constraining in
fluence of such knowledge on children's recognition of
spoken words. By recognition, we refer to the processes
involved in matching acoustic-phonetic information in the
speech waveform to lexical patterns stored in memory,
and we thus distinguish between these processes and those
involved in lexical access (i.e., the processes by which
information about words stored in the lexicon is subse
quently retrieved; for further discussion, see Pisoni &
Luce, 1987). A major source of empirical evidence for
lexical constraint on adult recognition has been the obser
vation of differential responding to word-initial as opposed
to noninitial acoustic-phonetic input. For example, adults
accurately repeat words with first-syllable errors, but re
store words with second- or third-syllable errors to their
original, correct form (Bagley, 1900; Marslen-Wilson &
Welsh, 1978; see also Samuel, 1981). In addition, adults
detect word-initial as opposed to noninitial phoneme tar
gets and mispronunciations more accurately and/or slowly
(Cole, 1973; Cole & Jakimik, 1978; Cole, Jaksnik, &
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Cooper, 1978; Cole & Perfetti, 1980; Jakimik, 1980;
Marslen-Wilson, 1987; Marslen-Wilson & Welsh, 1978).
Furthermore, adults are better able to identify words given
only word-initial, as opposed to word-final, information
(Nooteboom, 1981; Salasoo & Pisoni, 1985; Walley,
1988). On the basis of such findings, spoken word recog
nition has been characterized as primarily sequential, in
that its component procedures involve matches between
partial (vs. complete) acoustic-phonetic input and lexical
representations in memory, with early, word-initial input
typically constraining the processing of subsequent input
(e.g., see Cole & Jakimik, 1980; Marslen-Wilson, 1984).

Sequential recognition effects have been attributed to
both structural and processing factors: At least in some
languages, such as English, word beginnings are phono
tactically more constrained, and thus more predictive of
the identity of other segments, than are word endings
(e.g., see Cole & Jakimik, 1980; Nooteboom, 1981); in
addition, because the speech signal is temporally dis
tributed and transient, recognition processes may be ini
tiated early and proceed largely on the basis of partial,
word-initial input in order to prevent information loss (see
Marslen-Wilson, 1984, 1987). Although adults' processing
of word-initial input is facilitated by the availability and
extent ofextralexical constraints (Cole & Jakimik, 1980;
Grosjean, 1980; Salasoo & Pisoni, 1985), it is, for present
purposes, important to note that sequential recognition ef
fects reflect the integration of bottom-up, sensory input
and existing-minimally, lexical-knowledge. Thus, se
quential effects have been observed for words, even those
presented in isolation, but not for nonwords (Bagley,

267 Copyright 1990 Psychonomic Society, Inc.



268 WALLEY AND METSALA

1900; Grosjean, 1985; Jakimik, 1980; Marslen-Wilson,
1984; Nooteboom, 1981; Salasoo& Pisoni, 1985; Samuel,
1981; Walley, 1988).

Age-related differences in lexical knowledge therefore
provide a primary theoretical basis for expecting that se
quential effects do not invariantly characterize spoken
word recognition throughout development. Specifically,
many lexical items must differ across developmental level
in familiarity-for example, by virtue of differences in
age of acquisition, length of residence in memory, and/or
experienced frequency. In addition, the lexicon of the
young child, even at 5 or 6 years of age, is much smaller
than the adult's and is still growing at a substantial rate
(Miller, 1977; M. E. Smith, 1926; M. K. Smith, 1941).
Therefore, particular word beginnings should not be as
predictive of subsequent segments, and thus of word iden
tity, for children as they are for adults. Consequently, the
less mature/experienced system may tend not to initiate
recognition procedures and/or make lexical commitments
on the basis of early, word-initial acoustic-phonetic in
put, but may instead require more input to discriminate
among lexical alternatives (see also Cole & Perfetti,
1980). Furthermore, although young listeners are, like
older ones, faced with the problem of interpreting a com
plex, transient signal, overall slower execution of recog
nition processes might necessarily result in the encoding
of more acoustic-phonetic input. Apparently simple de
velopmental differences, then, in lexical knowledge and
processing could dictate that younger listeners receive a
complete rather than a partial acoustic-phonetic specifi
cation of a word and thus recognize spoken words in a
way that is fundamentally different from the way that
adults do.

The empirical evidence bearing on sequential recogni
tion in children is not extensive. Structural analyses indi
cate that a given lexical item differentiates itself from other
words with similar beginnings on a "left-to-right" basis
earlier (on the basis of fewer segments) in the smaller lex
icons of 5- and 7-year-old children than in the adult lexicon
(Charles-Luce & Luce, in press). However, the available
perceptual evidence indicates the opposite developmental
trend. In gating tasks, where listeners are presented with
successively greater amounts of acoustic-phonetic input
corresponding to a word, 5- to 7-year-olds generally re
quire more partial input than adults do to identify isolated,
unconstrained words, and they may be less able to make
use of positional information as a cue to word identity
(Elliott, Hammer, & Evan, 1987; Walley, 1988). In
mispronunciation-detection tasks, 4- and 5-year-olds have
been found to be equally sensitive to word-initial and -final
errors in isolated, unconstrained words and thus appear
to attend to information throughout such words; however,
for isolated, constrained words, 5-year-olds show greater
sensitivity to word-initial than to word-fmal errors (Walley,
1987). Young children have also been found to display
differential sensitivity to word-initial input for words pre
sented in constraining and/or familiar story contexts (Cole,
1981; Walley, 1987). Therefore, at least where contex-

tualconstraints are available to suggest word identity, chil
dren's recognition more closely resembles adults' (see also
Tyler & Marslen-Wilson, 1981); where such constraints
are absent, however, young children's lexical knowledge
may not be sufficient to support sequential recognition.
Generally consistent with this proposal is work indicat
ing that children's sentence processing may be dominated
by semantic factors (e.g., Cole & Perfetti, 1980; Tyler
& Marslen-Wilson, 1976; see also Stanovich, 1981).

In none of the aforementioned studies, however, have
developmental differences in sequential word recognition,
where observed, been directly tied to differences in lexi
cal knowledge-for example, in the familiarity of lexical
items or vocabulary size. (In fact, in developmental studies
of spoken language processing, very little attention has
generally been paid to the effects of word familiarity in
terms of any measure.) In the present study, we sought
evidence for such a relation by presenting young and older
children and adults with words (intact, or with word-initial
or noninitial mispronunciations) that varied in familiar
ity. "Intact" and "mispronounced" judgments were col
lected for isolated words presented with or without a pic
ture referent (Experiment 1) and for words presented in
constraining or unconstraining sentences (Experiment 2).
The major question was whether or not lexical familiar
ity would be sufficient to constrain word identity at these
different ages. If so, then even for our youngest subjects,
we might expect to observe superior performance for the
detection of initial as opposed to noninitial errors in
familiar words-independent of context. Alternatively,
such differential responding might only be apparent in
contextually constraining situations.

Two additional concerns in the present study are re
lated to methodological aspects of the mispronunciation
detection task. First, the central assumption with respect
to this task has been that in order to detect a mispronun
ciation, the listener recognizes the intended word and sub
sequently notes the acoustic mismatch; alternatively, the
listener may fail to make sense of the input and respond
"mispronounced"-a relatively rare occurrence in the
case of adults (Cole, 1973; Cole & Jakimik, 1980; Cole
et al., 1978). (Minimally, then, the task measures the
early pattern-recognition processes that precede lexical
access. I) However, in previous studies in which this task
has been employed with children, the contribution of er
rors, including false alarms, to detection performance has
received little attention (Cole, 1981; Cole & Perfetti,
1980). Walley (1987), like Cole and Perfetti, did observe
low false alarm rates (responses of "mispronounced,"
when no mispronunciation occurred) for 4- and 5-year
olds; nevertheless, false alarms varied with age and word
length, and thus, perhaps, with word familiarity (see
Baker, 1985b). Therefore, systematic study of how de
tection responses (including incorrect ones) are influenced
by various stimulus and/or listener characteristics is es
sential for establishing the validity of the task, and it
should illuminate the development of spoken word recog
nition. Furthermore, by examining responses to intact



control words, we can assess how listeners' response
biases for, as well as their sensitivity to, lexical informa
tion vary with age, lexical familiarity, and extralexical
context-something that has not been done in previous
studies in which this task has been employed.

Our second concern was with the measurement of
listeners' reaction times in the mispronunciation-detection
task. In previous studies, adults have been found to be
more accurate at detecting word-initial rather than non
initial errors, which suggests that they attend more closely
to word-initial input and do not give an extensive percep
tual analysis to subsequent input (Cole, 1973, 1981; Cole
et al., 1978; Mars1en-Wilson & Welsh, 1978). More typi
cally, adult listeners are equally accurate, but slower at
detecting initial as opposed to noninitial errors (Cole,
1973; Cole & Jakimik, 1978; Cole & Perfetti, 1980;
Jakimik, 1980). That is, given incorrect word-initial in
put, erroneous hypotheses about word identity are formed
and additional input is necessary to note the mispronun
ciation; in contrast, given correct word-initial input (and
any preceding context), listeners begin accessing the in
tended word and can quickly note any mismatch between
phonological expectations and subsequent input. This has
been the standard account of reaction time results in the
mispronunciation-detection task (e.g., Cole & Jakimik,
1980; Jakimik, 1980), and these results have formed a
large part of the empirical basis for claims concerning
the constraining influence of partial, word-initial input in
spoken word recognition.

There is, however, a problem with this account-one
that does not appear to have been acknowledged previ
ously. Although the observed differences in reaction times
across word position in the mispronunciation-detection
task might reflect differential processing of word-initial
as opposed to noninitial input, they might be artifactual.
Specifically, if the listener waits until stimulus offset (until
all acoustic-phonetic information corresponding to a word
is presented) before responding in the task, the difference
might reflect the fact that reaction time measurement,
which is from the onset of mispronounced segments, be
gins at a later point in the case of noninitial than it does
in the case of initial errors. In the face of this problem,
the preferred interpretation might be supported by com
parison of absolute reaction times and stimulus durations
and/or by the observation of interactions between the posi
tional manipulation and other factors.? In the present
study, we adopted a simpler approach-namely, we chose
to analyze reaction times for initial and noninitial mis
pronunciation detections separately and to make only in
direct inferences about sequential recognition with this de
pendent measure.

EXPERIMENT 1

The results of previous developmental studies involv
ing the mispronunciation-detection task indicate that young
children, like adults, are more accurate at detecting word
initial than they are at detecting noninitial errors and may
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therefore access words from their initial elements and not
devote as much attention to subsequent acoustic-phonetic
input (Cole, 1981; Walley, 1987). In contrast, Cole and
Perfetti (1980) report no differences in detection accuracy
for mispronunciations across word position for either
children-including kindergarteners and preschoolers
or adults. They also failed to observe any reaction time
advantage for the detection of second-syllable errors over
word-initial ones in either predictable or unpredictable
story contexts by grade school children, but they did ob
serve such an advantage for adults' performance. There
fore, these researchers concluded that, in comparison with
adults, young listeners may defer lexical access, even in
constrained contexts, until a substantially greater amount
of acoustic-phonetic information has been heard. How
ever, as suggested earlier, contextual constraint may be
particularly important in determining whether children are
able to rely on partial, word-initial acoustic-phonetic in
put for recognition; perhaps Cole and Perfetti's materials
were simply not constraining enough to support such
recognition." Cole and Perfetti also assessed the effect of
the position of a mispronunciation by comparing reaction
times for detecting errors in words that differed in num
ber of syllables. Therefore, the absence of a position ef
fect on children's reaction times might reflect differen
tial familiarity and/or use of capacity resources in
processing words of different length (e.g., see Baker,
1985b; Gibson & Levin, 1975). Any straightforward con
clusion concerning the different pattern of reaction time
results observed for children and adults by Cole and
Perfetti is further complicated by the measurement
problem described earlier.

An additional limitation of these and other previous
studies of children's recognition of spoken words is that
the influence of lexical familiarity has not been extensively
investigated. Considerable attention has been directed
toward the importance of relevant variables, particularly
word frequency, for adult recognition in both the audi
tory and visual domains (see, e.g., Luce, 1986); yet sel
dom in developmental studies has familiarity, in terms of
any measure, been systematically manipulated or con
trolled, and we therefore know little about how it affects
children's recognition or how familiarity effects emerge
with development. In the research on adult recognition,
estimates of the frequency of word exposure and usage
have typically been based on frequency counts for writ
ten materials, such as Kucera and Francis (1967) and
Thorndike and Lorge (1944). Analogous juvenile fre
quency norms do exist, such as Ko1son (1960) and
Rins1and (1945), which are based on children's spoken
and written productions, as well as grade norms for
children's reading vocabulary (e.g., Carroll, Davies, &
Richman, 1971; Dale & Chal1, 1948). However, these
norms may underestimate the receptive vocabulary
knowledge of young, preliterate children for spoken words.
It has been suggested as well that adult frequency counts
at least may be subject to various sampling biases (e.g.,
see Carroll, 1971; Lachman, Shaffer, & Hennrikus, 1974).
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Indeed, a substantial amount of work indicates that sub
jective measures, such as adults' estimations of word fre
quency, number of meanings, and age of acquisition, are
significant and often better predictors of performance in
a variety of word recognition and retrieval tasks than are
traditional, "objective" measures (e.g., Carroll, 1971;
Carroll & White, 1973a, 1973b; Cirrin, 1983, 1984;
Dunlap, 1980; Gilhooly & Logie, 1981; Lachman et al.,
1974; Loftes & Suppes, 1972; Rubin, 1980).

The relative importance of these different subjective
measures, in terms of their independent contributions to
variations in performance, may be difficult to determine,
according to Lachman et al. (1974), and may depend on
such factors as subjects' age, task and stimulus characteris
tics, and stimulus sampling procedures (see also Cirrin,
1983, 1984; Gilhooly & Watson, 1981). Nonetheless, age
of-acquisition estimates have perhaps received the most
attention. Typically, the focus has been on this measure
as a predictor of adult performance, its relation to other
variables, and theoretical accounts of what it reflects, with
less attention having been given to its relation to children's
verbal performance. However, validation studiesof adults'
age-of-acquisition estimates have included examination of
children's knowledge of prerated words; when adults es
timate words to have been acquired around a certain
age, then, indeed, children at that age respond correctly
to those words in vocabulary definition and picture
labeling tasks (Gilhooly & Gilhooly, 1980; Lyons, Teer,
& Rubenstein, 1978; Winters, Winter, & Burger, 1978).
Furthermore, in the limited developmental comparisons
that have been conducted, subjective age of acquisition
is one measure that has been found to contribute to recog
nition performance for spoken words across several age
levels (Cirrin, 1984).4 Together, these findings suggest
that somehow adults have access to information that is
relevant to children's word knowledge, and that their age
of-acquisition estimates can beused as a basis for selecting
words in developmental studies (i.e., as an alternative to
relying on either adult or juvenile frequency norms). In
our case, the decision to adopt this approach was related,
in part, to structural constraints on the test words (see
under Method). Thus, in the present study, we employed
adults' age-of-acquisition ratings as an estimate of lexical
familiarity (i.e., of subjects' perceptual and/or semantic
knowledge of words) and examined its effects on children's
and adults' mispronunciation-detection performance.

In Experiment 1, we assessed the influence of lexical
familiarity, as well as contextual constraint, on sequen
tial word recognition across developmental level. Chil
dren (5- and 8-year-olds) and adults were presented with
isolated, intact words and words with mispronunciations
in either a first or a second syllable. The words, from
three age-of-acquisitioncategories (early, current, or late),
were presented in either a constrained or an unconstrained
context (with or without a picture referent). The sub
jects judged the test items as either "intact" or "mis
pronounced. " In the case of older children and adults,
we collected reaction times for these judgments. Of par-

ticular interest was how mispronunciation-detection per
formance at different ages would vary with lexical fa
miliarity (operationally defined on the basis of adults'
age-of-acquisition estimates) and whether or not lexical
familiarity would be sufficient to support differential at
tention to word-initial input.

Method
Subjects. The subjects were 32 5-year-olds (mean age = 4 years,

10 months; range = 3,10-5,10),32 8-year-olds (8,1; 6,7-9,10),
and 32 young adults. The majority of the children were obtained
through local daycares serving a middle-classpopulation in Toronto;
the majority of the adults were introductory psychology students,
who received course credit for their participation. Other subjects
were solicited through on-campus advertisements and paid $5. All
subjects were native speakers of English with no reported history
of speech or hearing disorder. Five additionalyounger subjects were
not tested, because they failed to give 7/10 correct responses to
the familiarization stimuli.

Stimuli. The 96 test words were drawn from a larger pool of
words that had been rated by 17 adult volunteers on a 9-point age
of-acquisition (AOA) scale in the manner described by Carroll and
White (1973a). (On this scale, a rating of I = acquired at age 2,
5 = acquired at age 6, 9 = acquired at age 13 or above.) From
these ratings, three categories varying in familiarity were formed,
which we refer to as early, current, and late words; the mean AOA
ratings (and standard errors) for these categories were 2.22 (.52),
4.58 (.65) and 7.02 (.60); the overall mean was4.59 (range = 7.70).
(The current category was so labeled, because the AOA ratings sug
gest that children the age of our youngest subjects might be in the
process oflearning these words.) The mean frequencies (and stan
dard errors) for the early, current, and late words, according to
Kolson's (1960)juvenile frequency count for 590,090 words spoken
by kindergarteners in the home and school, were 45.62 (14.46),
9.31 (3.52), and.64 (.14); according to Kucera and Francis's (1967)
adult frequencycount for 1,000,000 words, they were 39.19 (14.53),
26.59 (7.27), and 6.31 (1.87). (Frequency values were combined
for the singular, plural, and possessive forms of words, with a value
of .5 assigned to words not contained in the counts, which was the
case for 19%, 56%, and 56% of the early, current, and late words
in the juvenile count and 6%, 12%, and 38% of the words in the
adult count.

The 32 words in each AOA category were divided into two lists
(A and B). Within each list, there were 8 two- and 8 three-syllable
words, and, for each word length, there were equal numbers of
words with stop or fricative/affricate target phonetic segments in
the word-initial and noninitial positions (the latter position was at
the beginning of the second syllable); half of the targets were lo
cated in syllables with either primary or secondary stress, and half
were in unstressed syllables. The number of stop as opposed to the
number of fricative/affricate targets was approximately the same
across AOA categories. Two audiotapes were prepared from the
lists: on Tape I, List A items were mispronounced, and List B items
were intact; on Tape 2, List A items were intact, and List B items
were mispronounced. (Thus, on Tape I, for example, words from
the early category in List B with initial targets served as the con
trols for the corresponding List A words.) Mispronunciations (MPs)
were created by changing the target segment in a word to another
stop or fricative/affricate to yield a phonologically legal nonword.
Table I shows the test words, the mean AOA rating (and standard
deviation) for each word, and the change used to produce each MP.
Colored pictures to accompany the spoken stimuli (all concrete
nouns) were created from illustrations in children's books and pasted
on individual 8 x 5 in. cards.

The test items were recorded in random order on one channel
of each tape by a practised female speaker at approximately 3-sec
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Table 1 The accuracy of tone placement was estimated to be within 5 msec.
Test Words and Mispronunciations The mean duration of the test words across the two tapes was esti-

List A MAoA SD OS MP List B MAoA SD OS MP mated to be 745 msec.

Early
Procedure. Subjects were tested individually, in sessions last-

ing approximately 30-45 min. Each subject was seated at a table
table 1.12 0.30 t P balloon 1.29 0.59 b t in a quiet room and told that he or she would listen to a list of words,
flower 1.24 0.44 f s ~rayon 1.91 0.83 k b but that some of the words contained mistakes and "were said
12athtub 2.05 1.08 b k circle 2.06 0.83 s C wrong. " The subject was asked to indicate which words were said
giraffe 2.47 1.23 j s sandbox 2.47 1.28 s j correctly and which were mispronounced, by pressing one of two
Policeman 2.17 0.81 P d 12anana 1.47 0.87 b k buttons on a response box. Depressing one button illuminateda green
family 2.82 1.74 f v ~ereal 2.64 1.17 s j light and corresponded to an "intact" judgment; depressing the
groceries 2.82 1.74 g P triangle 2.71 1.36 t g other button illuminated a red light and corresponded to a "rnis-
piano 3.00 1.54 P g toboggan 2.88 1.05 t g

pronounced" judgment. The older children and adults were in-
breakfast 1.65 1.11 f s brother 1.65 0.49 1\ C structed to rest their preferred hand in the middle of the response
cartoon 1.94 0.94 t g raQl2it 1.82 0.88 b t box and to make their responses as quickly but as accurately
puppet 2.00 1.11 P d dessert 1.94 0.83 z f

as possible.
sunshine 2.53 0.94 ~ v raincoat 2.65 1.05 k d
potato 2.00 0.94 t b pajamas 1.94 0.97 j f The children and adults were randomly assigned to either Tape I

strawberries 2.29 0.92 b k spaghetti 2.23 0.97 g t or Tape 2 in one of two conditions; 16 of the subjects in each age

medicine 2.47 1.12 t k hamburger 2.64 1.54 b t group listened to the tapes while viewing pictures of the words,

sal~haker 3.47 1.62 v photograph 2.82 1.85 t P and 16 did not view the pictures. The test words on each tape were

Current
preceded by 5 pairs of practice items (each pair consisting of intact
and mispronounced versions of a given word). All stimuli were

12lackboard 3.52 1.01 b g ~mney 3.94 1.09 C v presented over matched and calibrated Sennheiser HD430 head-
pizza 3.53 1.54 P g flashlight 3.94 1.82 f g phones at a comfortable listening level via a portable Uher tape
~dine 5.00 2.02 s v parcel 4.82 1.74 P g recorder (Model 4200).
vampire 5.64 1.66 v ~ trombone 5.12 1.87 t b During familiarization, the subjects were given feedback by the
12ikini 4.12 1.87 b t ~ommercial 3.94 2.22 k b experimenter concerning their responses. Ifa subject responded cor-
propeller 4.35 0.86 P d ~amival 4.82 2.65 k d rectly on at least 7/10 trials, then testing began. Each test trial was
battery 5.00 2.06 b g fingerprint 4.82 1.94 f j

initiated by the experimenter. In the case of the older children and
factory 5.23 2.02 f v tobacco 5.47 1.81 t g

adults, the tone on the second channel of the tape (inaudible to sub-
beaver 3.64 1.69 v S hotel 4.18 1.07 t b jects) triggered a digital timer, which was stopped by the subject's
ma~ne 4.29 2.17 ~ v penguin 4.35 2.15 g t buttonpress. On each trial, the experimenter manually recorded the
lumber 4.94 2.08 b k perfume 4.35 2.06 f S
cocoon 5.18 2.13 k d banjo 4.76 2.28 j S subject's judgment; reaction timeswere also recorded from the visual

Indians 3.71 1.61 d p OC!oPUS 4.05 1.60 t s display of the timer. The experimenter then reset the timer and

magician 4.29 1.26 j f bar\2eque 4.18 1.07 b k initiateda new trial (including presentation of a picture, if appropri-

antenna 5.23 2.05 t b detective 5.29 1.76 t b ate). No specific feedback (only general encouragement, in the case

cllJEenter 5.71 1.40 P d musician 5.47 1.23 z f of children) was given during testing.

Late
Results

~urgeon 5.94 1.34 s g fortress 5.94 1.03 f g
croquet 6.71 2.02 k d tattoo 6.18 1.51 t b Hits and false alarms. We first calculated each sub-
kayak 7.23 1.44 k d palette 7.58 1.37 p d ject's hit rate for initial and noninitial errors at each AOA
~ringe 8.29 0.69 s v yalet 8.82 0.39 v 8 level and each subject's false alarm rate for matched, in-
dynamite 5.76 1.71 d k gymnastics 6.00 1.17 j f tact items (see Table 2). (A response of "mispronounced"
cellophane 6.88 1.36 s v iUxedo 6.53 1.70 t g

to a mispronounced word was scored as a hit; the same12andana 7.00 1.22 b t galaxy 7.47 0.80 g t
pavillion 7.17 1.13 P g ~rescription 7.52 1.18 p d response to an intact word was scored as a false alarm).
cassette 6.18 2.04 s j tra~ze 6.18 1.92 P d Preliminary analyses revealed that hits increased with age
sculpture 6.64 1.58 C Z cactus 6.42 2.03 t b and were equally high for early and current words, but
quartet 7.64 1.40 t b cafe 7.71 1.16 f Z lower for late words. No main effect of position or inter-
scalpel 8.24 0.75 P g anyil 8.29 0.77 v C actions with this factor were observed. Importantly, chil-
scorpion 6.25 0.58 P d safari 6.11 1.90 f C
mecjianic 6.35 1.17 k b reEOrter 6.94 0.75 p d dren's false alarms increased with AOA, particularly those
reflector 7.47 0.72 f g cubicle 7.00 1.32 b k of young children.
podium 8.00 0.94 d k diploma 7.71 0.85 P g For each age group, we therefore also examined the
Note-OS = original segment. MP = segmentused to produce the mis- correlation between the number of subjects who made
pronunciation on Tape 1 or 2. Underscoring indicates the position of false alarms in response to each of the 96 intact items
the MP in a word. (across Tapes 1 and 2) and the AOA ratings for those

words, with the correlation between AOA and juvenile
intervals. An assistant subsequently listened to each tape and 10- frequency partialed out (pearson's r = - .67; in this anal-
cated (marked with a fine crayon) the onset of each target segment ysis, estimates for frequency of occurrence per 1,000,000
(intact or mispronounced) by drawing the tape over the playback words were derived from Kolson's (1960) values for
head and listening to the output via headphones. A second listener words spoken in the home and school and then converted
checked these judgments. Across the two tapes, there were 18% to Standard Frequency Index logarithmic scale values, as
disagreements (of less than 5 msec), which were resolved on the
basis of collaborative judgments. A brief tone was then aligned with proposed by Carroll, 1970). The resulting partial corre-
the onset of each target segment on the second charmel of the tape. lations for young children, older children, and adults were
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5-year-olds 8-year-olds Adults

AOA I I I I I

Table 2
Mean Hits, False Alarms, d' and {J Scores in Experiment 1

Age Group

Note-AOA = age of acquisition. I = initial mispronunciation, I =
noninitial mispronunciation. Hits and FAs are in proportions. The high
est possible d' score was 3.43; {J scores could range from .04 to
5.86.

.63 (p < .01), .52 (p < .01), and .09 (p > .05). In
contrast, none of the correlations between the number of
subjects making false alarms and frequency, with AOA
partialed out, were significant. Virtually identical results
were obtained when frequency values from Kucera and
Francis (1967) were employed (correlation with AOA =
- .35). These results are consistent, then, with those of
the subject analysis.

MP sensitivity and response bias (d' and (3). Although
even the children's detections of MPs were quite high,
this result was qualified by the age x AOA interaction
observed for false alarms. We therefore used signal de
tection analysis to derive d'-a measure of sensitivity to
MPs, separate from {3, response bias. Each subject's hit
rate for the eight items in the six cells of the stimulus de
sign (3 levels of AOA x 2 levels of position per context
condition) and each subject's false alarm rate for the
matched, intact items were converted to proportions. Since
there was a substantial number of perfect scores (pro
portions of 1.00 and 0.00, particularly the former), we
replaced such scores and calculated d' in the manner
recommended by MacMillan and Kaplan (1985). Higher
d' scores reflect greater discriminability of mispronounced

and intact words. {3 scores lower than 1.00 reflect a liberal
criterion for making a "mispronounced" response,
whereas scores greater than 1.00 reflect a more conser
vative criterion (i.e., a bias toward responding "intact").

Each subject's d' scores were submitted to a 3 (age)
X 2 (context) X 3 (AOA) X 2 (position) ANOVA for
a mixed design, which revealed main effects of age
[F(2,9O) = 101.20] and AOA [F(2,180) = 215.87], as
well as a significant age X AOA interaction [F(4,180) =
49.26]. (All effects reported here and subsequently were
significant at or beyond the level of a = .05.) Table 2
shows each age group's mean d' scores as a function of
context, AOA, and position. Post hoc (Newman-Keuls)
comparisons indicated that the young children were more
sensitive to MPs in early as opposed to current words and
in current as opposed to late words (Md' = 2.64, 1.93,
.77). The older children were more sensitive to MPs in
both early and current as opposed to late words (2.90 and
2.76, vs. 1.46). The adults' sensitivity did not differ for
early, current, and late words (3.18, 3.22, and 3.10). Sen
sitivity to MPs in early words was equivalent across age,
but it increased significantly with age for both current and
late words (in contrast to false alarms) .

Each subject's {3 scores (see also Table 2) were sub
mitted to a 3 (age) X 2 (context) X 3 (AOA) X 2 (posi
tion) ANOVA, which revealed main effects of age
[F(2,9O) = 8.76] and AOA [F(2,180) = 28.37] and a
significant age x AOA interaction [F(4,180) = 14.45].
Post hoc analysis indicated that the young children had
a bias toward responding "mispronounced" as AOA in
creased (Mil = 2.03, 1.42, .75, for early, current, and
late words). The older children were more biased toward
identifyinglate rather than early and current words as mis
pronounced (.68 vs. 1.80 and 2.09), whereas the adults
exhibited no differential biases in their responses to early,
current, and late words (1.98, 1.88, and 2.12). The age
comparisons were consistent with these results: Both the
young and the older children were more biased than the
adults toward identifying late words as mispronounced,
and the young children were more biased than either the
older children or the adults toward identifying current
words as mispronounced; but all the subjects' response
criteria for early words were equivalent.

Reaction times for hits. We also examined the older
children's and adults' reaction times (RTs) for hits. Each
subject's median RTs for detecting initial and noninitial
MPs were submitted to separate 2 (age) x 2 (context)
x 3 (AOA) ANOVAs (see Table 3, which includes the
subjects' miss rates). The analysis for initial hits re
vealed main effects of age [F(1,6O) = 26.10] and AOA
[F(2,120) = 4.00] and a significantcontext X AOA inter
action [F(2,120) = 3.43]. The older children detected ini
tial MPs more slowly than did the adults (Mu = 1.456
vs. 1.100 sec). Across age, initial MPs were detected
faster in early words presented with pictures than in cur
rent and late words (1.124 vs. 1.220, and 1.304), but RTs
in the no-picture condition did not vary with AOA (1.338,
1.336, and 1.346, for early, current, and late words); like-

No-picture
Hits .86 .87 .97 .88 .94 .94
FAs .06 .03 .05 .07 .03 .02
d' 2.63 2.84 3.08 2.60 3.06 3.16
{J 1.95 1.82 1.77 1.79 2.05 2.20

Hits .80 .76 .87 .89 .94 .98
FAs .21 .17 .10 .05 .02 .02
d' 1.92 1.89 2.53 2.82 3.13 3.22
{J 1.94 1.59 2.18 2.31 2.29 1.76

Hits .79 .79 .88 .% .91 .93
FAs .56 .52 .40 .43 .02 .02

d' .70 .90 1.46 1.43 3.05 3.07
{J' .82 .72 .60 .62 2.50 2.13

Picture

Hits .86 .81 .96 .91 .96 .98
FAs .09 .04 .06 .04 .02 .02

d' 2.50 2.60 3.00 2.91 3.22 3.29
{J 1.84 2.52 1.69 1.95 1.93 1.76

Hits .81 .85 .89 .94 .98 .98
FAs .23 .20 .06 .05 .02 .02

d' 1.88 2.02 2.74 2.95 3.27 3.29
{J 1.02 1.13 2.08 1.78 1.78 1.71

Hits .78 .76 .89 .80 .94 .96
FAs .55 .53 .43 .31 .02 .03

d' .75 .73 1.46 1.49 3.17 3.10
{J .73 .74 .60 .91 2.12 1.72

Late

Current

Current

Early

Early

Late



Table 3
Mean Median Reaction Times for Hits

(and Mean Proportions of Misses) in Experiment I

Age Group

8-year-olds Adults

AOA j j

No-picture

Early 1.498 1.150 1.178 .912
(.03) (.12) (.06) (.06)

Current 1.520 1.297 1.151 .951
(.13) (.11) (.06) (.02)

Late 1.467 1.253 1.225 .914
(.12) (.04) (.09) (.07)

Picture

Early 1.281 1.157 .967 .751
(.04) (.09) (.04) (.02)

Current 1.442 1.104 .999 .822
(.11) (.06) (.02) (.02)

Late 1.525 1.382 1.083 .843
(.11) (.20) (.06) (.04)

Note-AOA = age of acquisition. I = initial mispronunciation, I =
noninitialmispronunciation.Reactiontimesare in seconds and miss rates
are shown in parentheses.

wise, the picture versus no-picture comparison was sig
nificant for early words, but not for current or late words.
Although the three-way interaction was not significant,
the advantage for early over current and late words in the
picture condition was afforded mainly to the children:
(1) the children's RTs for early as opposed to current
words were 1.286 versus 1.442, whereas the adults' RTs
were .967 versus .999; (2) the children's RTs for cur
rent words with and without pictures were more similar
(1.442 vs. 1.520) than were the adults' (.999 vs. 1.151);
and (3) the children's RTs for late words were actually
somewhat greater in the picture condition than in the no
picture condition (1.525 vs. 1.467).

The analysis for noninitial hits revealed main effects
of age [F(1,60) = 24.07] and AOA [F(2,120) = 3.31].
Again, the children responded more slowly than did the
adults (MRT = 1.224 vs..865). There was a trend toward
faster MP detections for words with earlier AOA ratings
(.992, 1.043, and 1.098, for early, current, and late
words), although only the early versus late comparison
was significant. The similarity between early and current
words appears due mainly to performance for words ac
companied by pictures (.960, .960, and 1.100, for early,
current, and late words; 1.030, 1.120, and 1.080 for
words in the no-picture condition), although the context
x AOA interaction was not significant. (Again, note that
the children's RTs were somewhat greater for late words
in the picture vs. no-picture condition.)

Discussion
In the present experiment, although MP detections or

hits increased with age and were lowest for late words,
additional measures proved more sensitive to both age and
AOA and provided a more accurate representation of sub
jects' abilities at noticing errors in words. First, an age
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x AOA interaction for false alarms was observed, such
that children, especially younger ones, responded "mis
pronounced" to intact words with higher AOA ratings
(as was also indicated by correlational analyses). This
finding suggests that MP detections do not provide a sim
ple measure of recognition; rather, listeners (children, in
particular) may use the "mispronounced" response when
a word is unfamiliar. Second, the children were indeed
more biased, as indexed by {3, toward identifying late
words as mispronounced (whether the words contained
errors or not). Third, across age, the subjects were equally
sensitive, as indexed by d', to errors in early words; the
young children were less sensitive to errors in current
words and less sensitive, in turn, to errors in late words,
but this differential sensitivitydecreased with age, as over
all sensitivity increased. At least this was the case for
words that, overall, have a rather low frequency of oc
currence, according to both juvenile and adult frequency
counts. Consistent with the sensitivity of even young chil
dren to these relatively low-frequency words and the de
velopmental trend that we observed, Charles-Luce and
Luce (in press) have found evidence for the faster acqui
sition of low- as opposed to medium- and high-frequency
words in their structural analyses of the lexicons of 5- and
7-year-olds. Fourth, not only older children's, but also
adults' RTs to detect mispronunciations increased with
AOA. Taken together, then, the results of Experiment 1
indicate that, according to several measures, adults' sub
jective AOA ratings categorically predict age-related
differences in performance on the mispronunciation
detection task, or on spoken word recognition more gener
ally; these ratings may thus serve as an estimate of how
familiar words that are within a relatively restricted fre
quency range will be to listeners at different ages, and
they may even be superior to estimates based on juvenile
or adult frequency counts (see also Carroll & White,
1973a; Cirrin, 1984; Lachman et al., 1974; Milianti &
Cullinan, 1974; Winters et al., 1978).

Despite the systematic age and AOA variations in per
formance noted above, the subjects' MP detection hit
rates, sensitivity to MPs, and response criteria were all
uninfluenced by the position in a word of an error. Even
for early words in the picture condition, there was no evi
dence for differential attention to initial as opposed to non
initial acoustic-phonetic input, according to these mea
sures (see also Cole & Perfetti's, 1980, results for
children). These results conflict with other research in
volving both children and adults (e.g., Cole, 1973, 1981;
Cole et al., 1978; Cole & Perfetti, 1980; Walley, 1987),
a discrepancy that may be due to differences in stimulus
materials-specifically, in the stress of the syllable con
taining a mispronunciation and/or in the position of an
error within the syllable (see Note 3). There was, how
ever, some indirect evidence in the RT data for the in
fluence of sequential lexical constraints on recognition.
Both older children and adults were especially fast to de
tect initial errors in early words accompanied by a pic
ture. (There was also some suggestion that whereas the



Table 4
Examples of Constraining and Unconstraining Sentence Contexts

for Target Words at Each Age-of-Acquisition Level

tence before responding and that they would not fail to respond be
cause they were waiting for the rest of the sentence. Finally,
sentence-final location should have provided results comparable to
those of Experiment 1 (because words in this position are most simi
lar acoustically to isolated words).

To verify the constraint manipulation, 20 adults participated in
a cloze task (see Cole & Perfetti, 1980). An assistant read the
96 constraining carrier sentences (in different random orders) to
10 of the subjects and the 96 unconstraining carriers to the other
10 subjects, thus omitting the final, target word of each sentence
on this first trial. For each sentence, the subject was asked to
guess the missing word aloud, and the response was recorded by
the assistant. If the subject failed to guess the target, the assistant
provided the first (correct) syllable of the word, and the subject
made another guess.

After Trial 1 (with no acoustic-phonetic input corresponding to
the target), early, current, and late targets were identified for con
straining carriers 88%, 85%, and 63% of the time, and for uncon
straining carriers 9%, 10%, and 2% of the time. A two-way com
pletely randomized ANDVA for items revealed main effects of
context [F(l, 186) = 782.02] and ADA [F(2,186) = 16.66] and a
significant context x ADA interaction [F(2,186) = 4.61], such that
early and current targets were identified more often than late ones
in constraining carriers, whereas these target words were identi
fied equally often in the unconstraining carriers. All constraining
versus unconstraining comparisons were significant. Thus, without
any acoustic-phonetic information about the targets, the constrain
ing carriers did constrain the adults' productions, although more
so for early and current targets than for late ones. After Trial 2
(with the correct first syllable), early, current, and late targets were
correctly identified 99%, 100%, and 94% of the time for constrain
ing carriers, and 90%,89%, and 75% of the time for unconstraining
carriers. An ANDVA revealed main effects of context [F(l, 186) =
36.54] and age [F(2,186) = 9.10]; targets were identified more
often for constraining than for unconstraining carriers, and late tar
gets were identified less often than early and current ones. How
ever, identifications of late targets for constraining carriers appears
to have improved substantially over Trial 1 and approached the ceil
ing level of performance for early and current targets.

Two audiotapes (based on Lists A and B of Experiment 1) were
prepared for each context condition (constraining and unconstrain
ing sentences) in a manner similar to that described for Experi
ment 1. Across the four tapes, there were 4% disagreements (of
less than 5 msec) regarding target phoneme onset and these were
resolved in a collaborative judgment session. Accuracy of tone lo
cation was estimated to be within 5 msec. The mean duration of
the target words across the four tapes was estimated to be 697 msec.

Procedure. Fourteen of the subjects in each age group were ran
domly assigned to Tape 1 or 2 in the constrained context condi-

Early Unconstraining

Current Constraining

Current Unconstraining
Late Constraining

Late Unconstraining
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children's performance may have benefited the most from
greater lexical familiarity and extralexical context, it also
suffered the most for late words accompanied by pictures,
perhaps because the pictures made relatively unfamiliar
words seem more familiar. See the General Discussion.)
In contrast, the speed of detecting noninitial errors was
influenced only by lexical familiarity, such that responses
to both early and current words were very fast." These
results suggest that a first syllable may constrain word
identity for listeners, and that given such word-initial in
formation, the influenceof additional sources of constraint
(lexical familiarity, extralexical context) is reduced (see
also Marslen-Wilson, 1987). However, it is unlikely that
the present results reflect the on-line use of partial
acoustic-phonetic input in recognition; overall, RTs were
quite long, and even those of adults were substantially
longer than the duration of the stimuli (745 msec). Fur
thennore, in contrast to Cole and Perfetti's (1980) results,
there were no qualitativedifferences in the patterns of chil
dren's and adults' RTs in Experiment 1 that reached
significance.

EXPERIMENT 2

It is possible that the context manipulation (presence
or absence of a picture referent) in Experiment 1 was not
strong enough to induce differential attention to word
initial as opposed to noninitial acoustic-phonetic input in
our youngest subjects or to reveal developmental differ
ences in this aspect of word recognition. Therefore, in
Experiment 2, we examined children's and adults' detec
tions of initial and noninitial errors in words that varied
in familiarity and that were presented in constraining or
unconstraining sentences.

Method
Subjects. The subjects were 28 5-year-olds (mean age = 4,9;

range = 3,5-5,9), 28 8-year-olds (7,8; 6,7-9,9), and 28 adults.
The subjects were solicited in the same manner as for Experiment I,
and all were native speakers of English with no reported speech
or hearing disorder. Two additional younger subjects were not
tested, because they failed to give 6/8 correct responses to the
familiarization stimuli.

Stimuli. The 96 test words used in Experiment I served as the
target words for the sentences in Experiment 2. Two carrier sen
tences (one constraining and one unconstraining) of approximately
equal length (mean numbers of words = 9.6 and 7.8) were created
for each test word. The same word or a word with a similar word
final phonetic segment preceded the target in each sentence pair.
Table 4 contains examples of constraining and unconstraining sen
tence contexts for target words at each ADA level.

The results of Experiment 1 pointed to the importance of assess
ing children's false alarms in the MP detection task. However, such
assessment is problematic in the case of fluent speech, because it
may be difficult to determine to what precisely in a sentence a child
(or any listener) is responding. Target words were therefore always
located sentence-finally in Experiment 2, to allow us to conclude
with some certainty that when a subject made a false alarm, it was
to the control word, rather than to some other word in the sentence
(see also Walley, 1987). We felt as well that the sentence-final 10
cation would ensure that children were presented with all of a sen-

AOA

Early

Context

Constraining

Carrier Sentence

A man who has a badge
and a gun is called a

One man who sometimes
works at night is a

Sherry rode the Ferris
wheel at the

Sherry rode her bike to the
The hunters in the jungle

went on a
It can be dangerous to go

on a

Target
Word

policeman

policeman

carnival
carnival

safari

safari
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tion, the other 14 to Tape I or 2 in the unconstrained context con
dition. Following several familiarization sentences, the subjects were
asked to judge whether any of the words in the test sentences were
mispronounced or whether all were said correctly. Otherwise, the
procedure was virtually identical to that of Experiment I.

AOA

Adults

j

Note-AOA = age of acquisition. I = initial mispronunciation, j =
noninitial mispronunciation. Hits and FAs are in proportions. The high
est possible d' score was 3.43; (j scores could range from .04 to
5.86.

to words with initial rather than noninitial MPs (M = .88
vs. 1.12), whereas this comparison was not significant
for the older children (1.47 and 1.35) or for adults (1.60
and I.81). The young children's scores for words with
initial MPs were also lower than the older children's and
adults'; {3 scores for words with noninitial MPs increased
with age.

Reaction times for hits. The older children's and
adult's median RTs for detecting initial and noninitialMPs
were submitted to separate 2 (age) x 2 (context) X 3
(AOA) ANOVAs (see Table 6, which also shows miss
rates). The analysis for initial hits revealed a main effect
of age [F(I,52) = 49.16] and significant interactions for
age x context [F(l,52) = 5.43] and context x AOA
[F(2,104) = 4.49]. Post hoc comparisons conducted to
examine the nature of the age x context interaction indi
cated that although the adults tended to detect initial MPs
more slowly in the unconstrained than in the constrained
context (MRT = 1.001 vs..881 sec), this comparison was
not significant; in contrast, the older children were actu
ally faster to detect MPs in the unconstrained rather than
the constrained context (1.410 vs. I.698). Both age com
parisons were significant. Examination of the context x

Results
Hits and false alarms. Preliminary analyses indicated

that both the children's and the adults' hit rates were
generally high. Also, the pattern of false alarms was vir
tually identical to that in Experiment I (i.e., younger chil
dren were particularly likely to make false alarms as AOA
increased), as were the correlations between the numbers
of subjects making false alarms in response to intact words
and the AOA ratings for the words (with either juvenile
or adult frequency partialed out). Accordingly, we again
used signaldetection analysis to examine the subjects' sen
sitivity to MPs and their response biases.

MP sensitivity and response bias (d' and fJ). As in
Experiment I, d' scores were first calculated for each sub
ject on the basis of hits and false alarms (to intact, matched
items) and then submitted to a 3 (age) x 2 (context) X

3 (AOA) x 2 (position) ANOVA, which revealed main
effects of age [F(2,78) = 137.14] andAOA [F(2,156) =
217.15], as well as a significant interactionof age x AOA
[F(4,156) = 47.36]. Table 5 shows each age group's
mean d' scores as a function of context, AOA, and posi
tion, together with the hit and false alarm rate data. Post
hoc comparisons indicated that the young children's sen
sitivity to MPs decreased with increasing AOA (Md' =
2.38, 1.47, and .34, for early, current, and late words),
as did the older children's (2.98, 2.66, 1.32), but again
the adults' performances did not vary with AOA (3.30,
3.28, 3.17). All age comparisons were significant (in con
trast to Experiment I, where performance for early words
was equivalent across age).

Each subject's {3 scores were submitted to a 3 (age) x
2 (context) X 3 (AOA) x 2 (position) ANOVA (see also
Table 5), which revealed a main effect of age [F(2,78) =
27.00], as well as significant interactions for age x AOA
[F(4,156) = 6.99], age x position [F(2,78) = 3.34], and
age x AOA x position [F(4,156) = 2.73]. Post hoc
comparisons conducted to examine the nature of the age
x AOA x position interaction indicated that within each
age group, none of the unconfounded initial versus non
initial comparisons were significant, except that the adults
were especially biased to identify late words with initial
rather than noninitial MPs as mispronounced (MfJ = 1.46
vs. 2.22). We therefore considered the two-way inter
actions further. Examination of {3 as a function of age and
AOA revealed that the young children's scores did not
vary with AOA (1.11, .90, and 1.00, for early, current,
and late words), nor did the adults' (1.58, 1.68, and 1.84);
in contrast, the older children were particularly likely to
respond to late rather than early and current words as mis
pronounced (.88 vs. 1.64 and 1.70). Examination of the
age x position interaction indicated that the young chil
dren exhibiteda bias toward responding" mispronounced' ,

Early

Current

Late

Early

Current

Late

Unconstraining Sentences

Hits .96 .95 .99 .95 .99 1.00
FAs .09 .10 .01 .03 .01 .03

d' 2.47 2.39 3.16 2.82 3.30 3.16
(j .92 .99 1.49 1.36 1.62 1.34

Hits .89 .91 .94 .91 .98 .98
FAs .17 .17 .05 .04 .00 .00

d' 1.65 1.73 2.75 2.80 3.32 3.32
(j .70 .91 1.64 2.04 1.84 1.79

Hits .86 .83 .87 .88 1.00 .93
FAs .36 .35 .22 .17 .03 .02

d' .42 .42 1.30 1.64 3.18 3.11
(j .99 .89 .63 .59 1.41 2.20

Constraining Sentences

Hits .94 .88 .93 .95 .99 1.00
FAs .10 .08 .03 .01 .01 .00

d' 2.32 2.35 2.87 3.04 3.35 3.38
(j 1.00 1.51 1.77 1.96 1.70 1.68

Hits .79 .76 .88 .92 1.00 .98
FAs .20 .16 .05 .05 .02 .01

d' 1.13 1.36 2.48 2.59 3.24 3.22
(j .81 1.17 1.84 1.28 1.49 1.59

Hits .64 .74 .82 .75 1.00 .93
FAs .31 .29 .22 .19 .01 .02

d' .11 .42 1.21 1.13 3.27 3.10
(j .87 1.22 1.45 .86 1.51 2.24
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Table 6
Mean Median Reaction Times for Hits

(and Mean Proportions of Misses) in Experiment 2

Age Group

8-year-olds Adults

AOA j j

Unconstraining Sentences

Early 1.457 1.195 1.038 .731
(.01) (.05) (.01) (.00)

Current 1.391 1.292 .965 .766
(.06) (.09) (.02) (.02)

Late 1.382 1.259 .999 .759
(.13) (.12) (.00) (.07)

Constraining Sentences

Early 1.493 l.281 .860 .643
(.05) (.07) (.01) (.00)

Current 1.612 1.303 .844 .703
(.12) (.08) (.00) (.02)

Late 1.988 1.638 .940 .670
(.18) (.25) (.00) (.07)

Note-AOA = age of acquisition. I = initial mispronunciation, j =
noninitial mispronunciation. Reaction times are in seconds and miss rates
are shown in parentheses.

AOA interaction indicated that RTs to errors in early, cur
rent, and late words did not differ significantly in the un
constrained context (1.248, 1.178, and 1.191); however,
in the constrained context, RTs to errors in late words
were longer than those to errors in early and current words
(1.464 vs. 1.177 and 1.228), and RTs were longer to er
rors in late constrained rather than late unconstrained
words. These effects were due mainly to the children's
performance (as is evident from their generally higher RTs
in the constrained than in the unconstrained context),
although the 3-way age X context X AOA interaction was
not significant.

The analysis for noninitial hits (see also Table 6) did
reveal a significant age X context X AOA interaction
[F(2,104) = 4.45], as well as significant age X AOA
[F(2,104) = 4.39] and context X AOA [F(2, 104) = 3.61]
interactions. There were main effects of age [F(I,52) =
42.42] and AOA [F(2,104) = 6.03]. Similar to the pat
tern of results for initial hits, the children responded more
slowly to noninitial MPs in late, constrained words than
did the adults (MRT = 1.638 vs..759), and more slowly
to these errors than to those in either late, unconstrained
words (1.638 vs. 1.259) or current, constrained words
(1.638 vs. 1.303). No other unconfounded comparisons
were significant.

Discussion
As in Experiment 1, we found systematic age- and

AOA-related variations in sensitivity to MPs. However,
the observed pattern of response biases was somewhat
different, in that only the older children (not the young
children) were biased toward identifying late words as
mispronounced, perhaps because it was only these words
that were not very well known to them. In contrast, the
sentences (whether constraining or unconstraining) may
have discouraged the young children, who knew relatively

fewer of the words, from making a "mispronounced"
response. (For example, the more discourse-like context
may have prompted the young children to expect that more
of the words were correct, even though they did not ac
tually know them.) The adults presumably knew all of
the words quite well. However, the older children were
quite slow at detecting word-initial MPs, particularly in
constraining sentences, whereas the adults showed at least
a trend toward faster detections in constraining than in
unconstraining sentences. Furthermore, it was primarily
the children's responses to initial errors that were slow
for late words in constraining sentences, an effect which
became more apparent for the detection of noninitial er
rors. (A similar trend was noted in Experiment 1.) The
constraining context may have made what were to the chil
dren relatively unfamiliar words seem more familiar and
thereby slowed their responses; in contrast, the children
responded "mispronounced" quickly to late words in the
unconstraining context, not because they recognized the
words, but often because the words were unfamiliar (wit
ness their false alarm rates). These results do not neces
sarily conflict, then, with previous studies in which various
types of constraining contexts have been found to facili
tate children's responses to relatively more familiar words
(Cole & Perfetti, 1980; Goodman & Huttenlocher, 1987;
Perfetti, Goldman, & Hogaboam, 1979; Schvaneveldt,
Ackerman, & Semlear, 1977; Stanovich, 1981; Tyler &
Marslen-Wilson, 1981).

We again found little evidence for more detections of
or greater sensitivity to word-initial as opposed to non
initial MPs, even for early words presented in constrain
ing sentences. However, the young children were partic
ularly biased toward identifying words with initial rather
than noninitial errors as mispronounced, regardless of
AOA level; the adults exhibited a similar positional bias,
but only for late words. The older children's and adults'
RTs for detecting initial and noninitial errors were also
influenced to a different extent by lexical familiarity and
extralexical context. Given an incorrect first syllable, the
children's responses were slower in context across AOA,
and the subjects' responses, across age, were slower for
late words in context; in contrast, given a correct first syl
lable, only the children's responses to late words in con
straining sentences were very slow. 6 Thus, the influence
of lexical familiarity and extralexical context on the de
tection ofnoninitialas opposed to initialerrors was reduced
more in the case of adults' responses than in children's-a
pattern of results that points to developmental increases
in sequential lexical constraints on recognition. Again
however, it should be noted that the subjects' responses
were generally longer than the duration of the stimuli
(697 msec) and thus presumably do not reflect the on-line
use of acoustic-phonetic information in recognition.

GENERAL DISCUSSION

The most conspicuous finding in the present study was
the variation in subjects" performance, according to



several measures, with adults' subjective AOA estimates.
Although lexical familiarity was pre-experimentally de
fined on the basis of these ratings, certainly familiarity
is not an inherent characteristic of words (see also Chi,
1977; Grosjean, 1985), but rather one that also reflects
listener characteristics. Consistent with this view, we ob
served age x AOA interactions, or the growth of lexical
familiarity with age, in subjects' false alarms, sensitiv
ity, and response biases toward MPs, as well as in their
RTs. These results extend those of Cirrin (1984), who
found that AOA contributes to lexical decision times for
spoken words (MAoA = 3.21, range = 5.35, according
to Carroll and White's [1973a] AOA scale) in children
as young as 6 years of age, to several dependent mea
sures in a different task, to a wider stimulus AOA range,
and to a slightly younger age group (see also Gilhooly
& Gilhooly, 1980; Lyons et al., 1978; Winters et al.,
1978). In their review of the effects of AOA on adult word
recognition and production, Gilhooly and Watson (1981)
conclude that such effects are only apparent in tasks where
words must be overtly produced in response to cues, not
simply recognized. Our results do not contradict this con
clusion to the extent that the MP detection task may in
volve not only pattern recognition (finding a word in
memory that is similar to a test item), but also the produc
tion of a response that is based on the outcome of a fairly
explicit similarity comparison.

The relation we observed between subjective AOA es
timates and performance in the MP detection task also
points to the validity of using these estimates as an index
of lexical familiarity for listeners of different ages. That
is, when adults say that they learned a given word at a
certain age, then children at that age are likely to know
the word and all subjects are likely to know it better than
a word with a later AOA rating. The practical implica
tion of this relation, then, is that these estimates can serve
as a basis for selecting materials for developmental in
vestigations and, thus, as an alternative both to the sort
of norm-based measures described earlier and to prior em
pirical determinations of familiarity (e.g., Elliott et al.,
1979). This approach may be advantageous when, for ex
ample, the test items of interest are from a restricted fre
quency range, or when normative information about the
words is not available.

At a theoretical level, it is not entirely clear what under
lies adults' AOA estimates or why these subjective esti
mates should accurately reflect children's or their own
lexical knowledge. Previously, it has been suggested that
AOA estimates may reflect residence time of lexical items
in memory and thus, for example, the cumulative or
lifespan experienced frequency of words (e.g., Carroll
& White, 1973a; Cirrin, 1984). However, the cumula
tive experienced frequency account, according to which
a multiplicative function of frequency and AOA might be
expected to be a better predictor of performance than
either variable alone, has not been supported in studies
of picture naming and word completion by adults (Carroll
& White, 1973b; Gilhooly & Gilhooly, 1979). As Gilhooly
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(1984) points out, length of residence might be impor
tant in other ways, such as by allowing implicit priming
effects or lifespan frequency-of-production effects to de
velop, but assessment of these alternate hypotheses is
complicated by the fact that actual AOA and length of resi
dence for words are perfectly correlated for any indi
vidual. Therefore, Gilhooly conducted a study in which
20- to 58-year-olds were visually presented with words
that varied in their recency of introduction into English,
such that AOA or residence time varied with subject age,
as the other factor remained relatively constant. AOA
(based on subjective estimates, the validity of which were
confirmed), not length of residence, proved to be the more
important factor for predicting the speed of word naming.
Thus, subjective AOA estimates may somehow reflect age
of acquisition per se. This is not to suggest that adults
possess literal, autobiographical information concerning
their own language-learning histories (information about
the actual age at which they acquired particular words),
but that their estimates are nevertheless substantially in
fluenced by the relative AOA of words during develop
ment, perhaps because early learned words are somehow
better consolidated than later ones (Carroll & White,
1973b; Gilhooly, 1984). (Consistent with this, we found
performance in the MP detection task to be best and most
similar across age for words with early AOA ratings, even
though for adults there has presumably been greater op
portunity for the development ofpriming, experienced fre
quency, or lifespan production effects). It is also possi
ble that AOA estimates reflect explicit knowledge (or
metalexical knowledge) on the part of adults as to what
are "age-appropriate" words or what words children are
likely to be learning at various ages (see also Gilhooly
& Watson, 1981)-knowledge that is in accord with their
own experience for many words. As a step toward fur
ther illumination of the basis for subjective AOA esti
mates, information concerning whether or not children
could themselves make AOA estimates would be useful,
as well as information about how such estimates change
with age and/or experience and how they relate to chil
dren's own performance in word-recognition tasks. In
addition, future research might seek to differentiate be
tween the perceptual/structural and semantic aspects of
children's and adults' lexical knowledge that are tapped
by subjective measures-for example, by varying instruc
tions for making AOA estimates, task comparisons, and
so forth."

In the present study, hit rates did not prove to be a very
sensitive measure of children's mispronunciation detec
tions and thus of recognition for words varying in familiar
ity; rather, this measure was qualified by the false alarm
data. Although the importance of employing intact con
trols may seem obvious, not much attention has in fact
been given to false alarms or other errors in previous im
plementations of the mispronunciation-detection task.
Given an assessment of false alarms however, this task
would seem to constitute a valid paradigm for studying
word recognition, and it is one that children generally un-



278 WALLEY AND METSALA

derstand quite well and enjoy performing. It also has con
siderable ••ecological validity, " inasmuch as listeners, in
cluding children, do encounter production errors, for
which they are often expected to compensate, in the course
of listening to speech, and it is therefore important to know
what factors influence their ability to do so. More interest
ing theoretically was the children's tendency in the present
study to respond "mispronounced" to unfamiliar, mis
pronounced, and intact words, given that they did have
the opportunity to label such items as intact. Such a result
would have been consistent with Cole and Perfetti's (1980)
suggestion that in learning a language, children may toler
ate (or actively ignore) unfamiliar words in order to pre
vent disruptions in the comprehension process and there
fore often fail to detect mispronunciations, especially in
unconstraining or unpredictable contexts. However, in
their study (see also Cole, 1981), children did not make
overt "correct" (intact)responses, only "mispronounced"
ones. In comparison, our version of the task seems to have
encouraged children to make "mispronounced" responses
for unfamiliar words; apparently, they were unwilling
to explicitly maintain that these words were correct.
Their responses might then reflect the knowledge that cer
tain words were indeed unfamiliar (see also Anderson &
Freebody, 1981; Wellman, 1977)-knowledge that is im
portant if such words are to be assimilated into one's
vocabulary and that appears to be a developmentally
primary component of comprehension monitoring (e.g.,
see Baker, 1985a). Alternatively, children's high rate of
mispronounced responses for unfamiliar words might
reflect the (incorrect) conviction that they actually knew
these words, but that the words were mispronounced; this
would be consistent with observations that children are
overconfident about their identification responses (e.g.,
Elliot et al., 1987; see also Walley, 1988), which may
be yet another strategy children use to avoid disruptions
in the comprehension process. These two accounts could
be evaluated by asking children to give explicit judgments
about whether or not they know mispronounced and in
tact words varying in AOA.

A major expectation in the present study had been to
observe age-related increases in sequential constraints on
spoken word recognition. However, neither hits nor d'
varied substantially with the position in a word of an error,
and the position factor did not interact with age, AOA,
and/or context in the manner expected. Perhaps this was
because there was no real time pressure on subjects to
identify words and make a response. Or perhaps the test
words (from a restricted, low frequency range) were not
familiar enough to support primary reliance on word
initial input for recognition. One argument against the lat
ter account is that all subjects did (according to one or
more of the dependent measures employed) respond
differentially to the AOA categories. Furthermore, in Ex
periment 2, adults exhibited a greater bias toward respond
ing "mispronounced" to initial rather than noninitial MPs
in late words (see also Samuel, 1981); they appear to have

devoted greater attention to the least constrained parts of
the words that, according to other adults' AOA estimates
and to the empirical data from children in the present
study, should have been least familiar. In contrast, young
children's response criterion was influenced only by posi
tional information; older children's, only by lexical
familiarity. Perhaps because the young children encoun
tered a substantial proportion of unfamiliar words, they
attended to and anticipated errors at the beginnings of all
words. (Put another way, the beginnings of even familiar
words may not be very constraining in such a high
uncertainty context.) The older children may have been
especially concerned with detecting any errors in the
smaller proportion of words that were unfamiliar to them.

We also observed evidence for differential responding
to word-initial and noninitial information in the RT results
of both experiments. Furthermore, lexical context (a cor
rect first syllable), as well as sentence context, appeared
to exert greater constraints on adults' responses than chil
dren's, such that the influence of other potential sources
of constraint was reduced (see also Marslen-Wilson,
1987). Thus, children's detections of both initial and non
initial MPs in late words presented in constraining sen
tences were slow. It was suggested that these sentences
may have made what were to children relatively unfamiliar
words (ones to which they would otherwise have quickly
responded "mispronounced," without having actually
recognized the intended words) seem more familiar and
thus slowed their responses. (This explanation is consis
tent with the two-step assumption of the task-namely,
that in order to detect an error, the listener first finds a
word in his or her lexicon that is roughly similar to the
input and then notes the discrepancy. Indeed, RTs for de
tecting errors were generally longer than those for cor
rectly identifying words as intact.) The observation of
more dramatic developmental changes in sequential word
recognition may depend on achieving more rigorous con
trol over the acoustic-phonetic input that is available to
listeners at any given point during the recognition process.
Although this might be accomplished in valid, on-line im
plementations of the present task, the gating paradigm (see
Grosjean, 1980), in which listeners are presented only
with partial acoustic-phonetic information about words,
may be·particularly well suited for such developmental
investigations (see, e.g., Elliott et al., 1987; Walley,
1988).
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NOTES

I. Thus, in a familiarization session of his study of 4- and 5-year
olds' mispronunciation detections, Cole (1981) presented children with
passages containing to-be-mispronounced words; this was done in order
to ensure that even if children did not know the test words (i.e., they
had not heard the words pre-experimentally and/or did not know their
meanings), they would nevertheless be familiar with the correct forms
of the words.

2. It is not immediately clear how or whether the measurement problem
might be solved: On the one hand, measurement from stimulus offset
for words with either initial or noninitial errors might not be sensitive
to actual differences in processing speed; measurement from stimulus
onset, on the other hand, would presumably put detections of noninitial
errors at a disadvantage and likely result in no reaction time difference
also. However, additional stimulus manipulations in the standard ver
sion of the task can preclude interpretative problems. For example, Cole
(1973) found that although adults' detections of both second- and third
syllable errors were faster than first-syllable detections, detections of
errors at the ends of words were no faster than in the middles of words;
reaction times did not simply decrease, the later in a word an error oc
curred (or the later in a word reaction time measurement began). As
another example, Cole, Jakimik, and Cooper (1980) found that reaction
times were faster for detecting second-syllable rather than first-syllable
errors, especially when the second syllable was in the same word as
the first syllable (e.g., cargo vs. car go, both mispronounced as carko).

However, without examination of absolute reaction times relative to
stimulus durations, such results do not necessarily support claims con
cerning on-line sequential recognition.

3. It should also be noted that, in their study, word-initial and second
syllable mispronunciations were always located in stressed syllables,
whereas the stress of syllables containing errors does not appear to have
been controlled in Cole's (1981) study, nor was it in Walley's (1987).
Yet previous research has shown that although adults detect errors in
stressed syllables equally accurately across position and more accurately
thanin unstressed syllables, positional effects do obtain in adults' reaction
times, regardless of the stress of the syllable containing a mispronuncia
tion (Cole & Jakimik, 1978). Also, in Walley's (1987) study, the superior
detection of word-initial as opposed to word-final errors does not appear
to have been the simple result of any stress confound, because the posi
tion effect was largest for one-syllable words. Furthermore, as Marslen
Wilson and Welsh (1978, p. 41) point out, syllabic stress effects do not
invalidate claims concerning lexical constraint; to the extent that "syllabic
stress location generally coincides with the inforrnationally critical part
of a word, then it follows directly that mispronunciations in stressed
[first and second] syllables should be more detectable," and "it is perhaps
no accident that very few tri-syllabic words in the language do have
primary stress on the third syllable." Finally, although in Walley's study
(and apparently in Cole's 1981 study), noninitial mispronunciations were
located at the end, rather than at the beginning, of a syllable and may,
therefore, have been less salient than word- and syllable-initial mis
pronunciations (Cole et al., 1978; Nooteboom, 1981), the detectability
of noninitial errors was not simply less than that of initial errors; it was
influenced by word length, and thus presumably by lexical constraint.

4. Cirrin found that adults' age-of-acquisition estimates were significant
predictors of kindergarteners', first-graders' and adults' lexical deci
sion latencies for auditorily presented words. In a previous study, this
measure did not contribute significantly to children's repetition-naming
latencies for spoken words (Cirrin, 1983); however, Cirrin notes that
values from the Rinsland (1945) juvenile frequency count, which reflect
when certain words are acquired or mastered chronologically and which
did predict children's naming latencies, were highly correlated with
adults' age-of-acquisition estimates, and, that the two measures may not
exhibit a large amount of independent variation.

5. Similarly, in subsidiary analyses, we found that RTs for correct
rejections of intact early and current words with noninitial targets were
equally fast, whereas RTs for intact words with initial targets increased
for each AOA level.

6. The speed of the children's correct rejections of intact words with
initial targets increased with AOA, and, across age, identifications of
late words in context were particularly slow; but only the children's
correct rejections of late words (across context) with noninitial targets
were slow. Nevertheless, given a (correct) first syllable, the children's
correct rejections of current words with noninitial targets were more
similar to early words.

7. For example, Eukel (1980) found that adults could make frequency
estimates for spoken nonwords and that these estimates were in sub
stantial agreement with objective measures of distance from English.
This finding indicates that subjective measures for words may be based
in part on phonotactic properties of words, as well as such factors as
experienced frequency.
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