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Although infants have the ability to discriminate a variety of speech contrasts, young children can-
not always use this ability in the service of spoken-word recognition. The research reported here
asked whether the reason young children sometimes fail to discriminate minimal word pairs is that
they are less efficient at word recognition than adults, or whether it is that they employ different lex-
ical representations. In particular, the research evaluated the proposal that young children’s lexical
representations are more “holistic” than those of adults, and are based on overall acoustic-phonetic
properties, as opposed to phonetic segments. Three- and four-year-olds were exposed initially to an
invariant target word and were subsequently asked to determine whether a series of auditory stim-
uli matched or did not match the target. The critical test stimuli were nonwords that varied in their
degree of phonetic featural overlap with the target, as well as in terms of the position(s) within the
stimuli at which they differed from the target, and whether they differed from the target on one or
two segments. Data from four experiments demonstrated that the frequency with which children
mistook a nonword stimulus for the target was influenced by extent of featural overlap, but not by
word position. The data also showed that, contrary to the predictions of the holistic hypothesis, stim-
uli differing from the target by two features on a single segment were confused with the target more
often than were stimuli differing by a single feature on each of two segments. This finding suggests
that children use both phonetic features and segments in accessing their mental lexicons, and that

they are therefore much more similar to adults than is suggested by the holistic hypothesis.

Since the pioneering work of Eimas, Siqueland, Jus-
czyk, and Vigorito (1971), it has been demonstrated that
infants as young as two months of age have sufficient
perceptual abilities to distinguish a variety of speech
contrasts (see Aslin, Pisoni, & Jusczyk, 1983; Best,
McRoberts, & Sithole, 1988; Eimas, Miller, & Jusczyk,
1987; Jusczyk, 1985; Kuhl, 1987; Werker, 1991). In con-
trast, studies with young children suggest that they can-
not always apply these perceptual abilities directly to the
problem of spoken-word recognition (Barton, 1976a,
1976b, 1980; Edwards, 1974, Eilers & Oller, 1976; Gar-
nica, 1971; Graham & House, 1971; Shvachkin, 1948/
1973). In one study, Eilers and Oller (1976) taught 22- to
26-month-olds to refer to a toy with a nonsense word (tig)
that created a minimal pair with a familiar word (pig).
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They found that, on average, children made perceptual
discrimination errors 36% of the time, in a situation in
which adults would presumably make no errors. Thus,
although the literature on infant speech perception sug-
gests that children have the auditory capabilities to per-
ceptually distinguish such contrasts as /p/ versus /t/, they
nevertheless perform much worse than adults in word dis-
crimination. What is the nature of children’s relatively
poor ability to discriminate among spoken words?
Perhaps young children fail to consistently perceive
phonetic differences that they discriminated in infancy
because the tasks used to test discrimination ability in
children are more demanding than the tasks used with
infants (e.g., Jusczyk, 1992; Locke, 1988). For infants to
be credited with discrimination of a particular speech
contrast, they need only distinguish a new stimulus from
an old one; in contrast, speech-perception experiments
with young children typically require them to match an
acoustic string with its referent (but see Graham &
House, 1971), and children’s performance on these tasks
therefore reflects not only their perceptual abilities, but
also their ability to recall the referent of an auditory stim-
ulus. The fact that children perform significantly better
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on discrimination tasks when both words of a test pair
are in their expressive vocabulary suggests that general
cognitive demands of the referent identification task
contribute to poor performance (Barton, 1976a). A sim-
ilar explanation might account, in part, for differences in
word-discrimination performance between children and
adults. Children’s performance might be poorer because
of developmental differences in memory, attention, and
information-processing capacity, independent of speech-
perception abilities per se. Such an explanation for child/
adult differences leaves open the possibility that both
groups of listeners employ the same perceptual repre-
sentations in spoken-word recognition.

Alternatively, however, children’s relatively poor per-
formance in word-recognition tasks might reflect their
use of different lexical representations from those used
by adults. Several researchers have suggested that when
they are learning language, children’s primary goal is to
recognize and produce whole words, not to learn phone-
mic contrasts per se (e.g., Chiat, 1979; Fey & Gandour,
1982; Jusczyk, 1992). These researchers have further
suggested that, in keeping with this goal, children rep-
resent early words in terms of holistic properties, such as
prosodic structure and acoustic shape, or in terms of
phonetic features that are not bundled into individual
segments (e.g., Charles-Luce & Luce, 1990; Ferguson &
Farwell, 1975; Jusczyk, 1982, 1986; Logan, 1992;
Macken, 1979; Menyuk & Menn, 1979; Studdert-
Kennedy, 1986; Treiman & Baron, 1981; Treiman &
Breaux, 1982; Vihman & Velleman, 1989; Walley, 1993;
Waterson, 1971). According to this view, children dis-
criminate spoken words on the basis not of particular
phonemic contrasts, but of overall acoustic or phonetic
featural differences.

While some researchers have suggested that lexical
representations are holistic only until the vocabulary
growth spurt begins, at about two years of age (Fergu-
son, 1986; Menyuk & Menn, 1979; Studdert-Kennedy,
1987), others have proposed a developmentally pro-
tracted holistic hypothesis—namely, that children’s lex-
ical representations are different from those of adults
until the early school years (Treiman & Baron, 1981; Trei-
man & Breaux, 1982; Walley, 1987, 1988, 1993; Walley,
Smith, & Jusczyk, 1986). It is this hypothesis that will be
addressed in our studies. According to this account, chil-
dren decrease their use of holistic word representations
(either acoustic/prosodic word shapes or phonetic fea-
tures not bundled into segments) in favor of segmental
representations as a result of one or more of the follow-
ing developmental changes: maturation; exposure to
segmental representations in learning to read (Treiman
& Baron, 1981; Treiman & Breaux, 1982; Walley, 1993);
increased familiarity with, or frequency of exposure to,
individual words (Walley, 1993; Walley & Metsala,
1990); or acquisition of pairs or sets of lexical items that
differ by only a single phonetic segment (Charles-Luce
& Luce, 1990; Walley, 1993; also see Dollaghan, 1994).

One form of evidence that has been taken to support
the developmentally protracted holistic hypothesis is the

finding that children are less able than adults to employ
segmental representations of words in similarity judg-
ments or phonetic manipulation tasks (Stanovich, Cun-
ningham, & Cramer, 1984; Treiman & Breaux, 1982).
Further evidence is that children show greater use of
coarticulation than adults in both production and per-
ception, indicating that their lexical representations may
comprise larger units than those of adults (Nittrouer &
Studdert-Kennedy, 1987; Nittrouer, Studdert-Kennedy,
& McGowan, 1989). Still more evidence comes from a
task in which noise either replaces a segment in a word
or is added to it. Walley (1988) asked five-year-olds and
adults to listen to such stimuli and found that adults, but
not children, rated stimuli as “noisier” when noise re-
placed the initial segment. According to the holistic hy-
pothesis, adults find word-initial noise more disruptive
because they accord a special status to word-initial seg-
ments in their lexical representations. In contrast, chil-
dren fail to accord a special status to word-initial seg-
ments, either because their early word representations
are not based on segments at all, or because they do not
employ segmental representations during lexical access.
Yet another source of evidence supporting the develop-
mentally protracted holistic hypothesis comes from gat-
ing studies in which listeners are presented, across trials,
with larger and larger acoustic “slices” of a word (Gros-
jean, 1980). Research using this technique has demon-
strated that five- to six-year-old children require signif-
icantly more acoustic information than adults to identify
even highly familiar words (Elliott, Hammer, & Evan,
1987; Walley, 1988). This finding has been taken to sug-
gest that, in children’s lexical representations, crucial
distinguishing information is distributed across the
whole word, while in adults’ representations, this infor-
mation is more localized to the beginning segment or
segments (also see Treiman & Baron, 1981; Treiman &
Breaux, 1982).

There are several problems with the developmentally
protracted holistic hypothesis. The first concerns chil-
dren’s ability to explicitly access word segments for pur-
poses of similarity judgments or other metalinguistic
tasks. Although this ability is almost certainly an im-
portant underpinning of literacy (Stanovich et al., 1984;
Treiman & Breaux, 1982), the lack of such an ability by
no means implies the lack of a segmental representation
(e.g., Walley, 1993).

The second problem with the developmentally pro-
tracted holistic hypothesis concerns children’s early lan-
guage productions, which suggest that they employ seg-
mental representations quite similar to those posited for
adults. In particular, like those of adults, children’s slips
of the tongue involve whole segments (Gerken, in press;
Jaeger, 1992; Stemberger, 1989; Wijnen, 1992). For ex-
ample, a child who attempts to say “big dog” and makes
the slip “dig dog” has anticipated the segment /d/ and
substituted it for the segment /b/. Such slips have been
found in children as young as 17 months (Jaeger, 1992)
and indicate that although children may coarticulate an
initial consonant with a following vowel more than adults



do (Nittrouer et al., 1989), the consonant and vowel are
represented separately, and not as parts of diphones or
other larger-than-segment units. However, the lexical rep-
resentations or processes that children use to produce
speech may be different in important ways from the ones
they initially use for spoken-word recognition (Anisfeld,
1984; Gerken, 1994; Menn, 1978, 1980, 1983; Spencer,
1986; Straight, 1980; Vihman, 1993). Also, by defini-
tion, children make slips on words that they know at least
well enough to produce, and word familiarity has been
proposed as a factor that encourages the use of segmental
representations (Walley, 1993; Walley & Metsala, 1990).
Therefore, by themselves, the slip data do not necessar-
ily rule out a holistic account of early word recognition.

Another problem with the developmentally protracted
holistic hypothesis is that the primary supporting evi-
dence involves differences between adults’ and chil-
dren’s attention to word-initial segments (Treiman &
Baron, 1981; Treiman & Breaux, 1982; Walley, 1987,
1988; Walley et al., 1986). These differences are impor-
tant in the context of theories of adult word recognition,
whereby candidate words are proposed and eliminated
as information arrives in a “left-to-right” fashion (e.g.,
Marslen-Wilson, 1989; Marslen-Wilson & Welsh, 1978).
According to this view, the first one or two segments of
a word are crucial for identifying a cohort of candidate
words from which the correct word is eventually chosen.
Children’s failure to accord special status to word-initial
segments has therefore been taken to suggest that they
do not identify words in a left-to-right, segment-by-
segment fashion.

However, other recent accounts do not view adult
spoken-word recognition as a strictly left-to-right pro-
cess in which initial segments necessarily play the pri-
mary role (e.g., Luce, 1986; Luce, Pisoni, & Goldinger,
1990). Rather, these accounts construe the listener’s job
as one of distinguishing a word from phonetically simi-
lar neighbors. Within the neighborhood framework, the
question becomes one of which acoustic/phonetic prop-
erties make a word more or less distinguishable from all
others, and not segment position in the word per se (e.g.,
Goldinger, Luce, & Pisoni, 1989; Luce, Goldinger, &
Auer, in press). Evidence favoring the neighborhood ap-
proach over left-to-right accounts comes from the fact that
not all listening tasks with adults demonstrate a special
status for word-initial segments (Grosjean, 1985; Luce,
1986; Luce et al., 1990). For example, adults who are pre-
sented with two words and asked to determine whether
they are the same or different do not accord special sta-
tus to word-initial segments in their decision, but are in-
fluenced by overall featural similarity (Goldinger et al.,
1989; Luce et al., in press). These varied findings raise
the possibility that in some experimental tasks adults may
adopt strategies that emphasize word-initial segments,
whereas in others they may not. Thus, apparent differences
between children’s and adults’ attention to word-initial seg-
ments may not reflect differences in their use of segmen-
tal representations, but, rather, they may reflect develop-
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mental differences in the extent to which the two groups
spontaneously adopt such strategies on a given task.

In summary, the most clear and robust differences be-
tween early childhood and adulthood, in terms of spoken-
word recognition, are that over development there is, on
the one hand, a general improvement in the ability to ac-
curately distinguish minimal word pairs, and on the other
hand, a greater reliance on the information carried by
word-initial segments for certain tasks. We have sug-
gested that the former difference may reflect develop-
mental changes in general cognitive abilities demanded
by the referent identification task, and not changes in
spoken-word representation per se, and similarly, that the
latter child/adult difference may reflect differential use of
task-specific strategies (e.g., Cole & Perfetti, 1980).

To resolve some of the problems with previous stud-
ies of spoken-word recognition in children, and to pro-
vide further information about their lexical representa-
tions, we need a task that does not require children to
associate words with referents and that does not differ-
entially encourage the use of task-specific strategies by
children and adults. A two-stimulus comparison task,
such as the one used by Luce (1986; Luce et al., 1990),
might meet these criteria, because it has no explicit ref-
erential component, and because adults appear to base
their responses on overall similarity and do not seem to
accord special status to word-initial segments. However,
this task requires listeners to remember the first stimu-
lus and compare it with the second on each trial, and
therefore demands considerable attention and memory.
Furthermore, a listener could perform the task simply by
gauging the physical similarity of the two stimuli, and
not necessarily by using lexical representations at all.

Therefore, all of our experiments employed a modi-
fied version of the two-stimulus comparison task, in
which three- and four-year-old children were asked to
distinguish an invariant target word from phonetically
similar nonword foils (i.e., an AX-like task). Children
were required to remember only a single word through-
out the experiment in order to reduce attention and mem-
ory demands in comparison with the requirements of the
normal two-stimulus comparison procedure. Addition-
ally, because children always compare a stimulus to a
mental representation of the target, the task was intended
to discourage comparisons of the target and foils that
were based on physical similarity (since in this task, the
target is not physically present), and to increase the
likelihood that children’s performance will reflect their
lexical representations. This task allowed us to ask
which phonetic properties of a foil would make it more
or less confusable with the target. Experiment 1 ex-
plored whether the properties of the foils that influence
adults’ responses are different from those that influence
children’s responses; the results suggest that both groups
of listeners are influenced by the featural overlap of tar-
get and foils. Experiment 2 further confirmed the influ-
ence of featural overlap on children’s performance by
ruling out several alternative accounts. Experiment 3
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employed a new stimulus set to test the generalizability
of the featural-overlap hypothesis and to further exam-
ine the discriminability of consonant features versus vowel
features. Finally, Experiment 4 asked whether children’s
lexical representations consist of phonetic features that are
bundled into segments. The results from these studies in-
dicate that although children’s spoken-word recognition
may be less efficient than that of adults, their lexical
representations are closer to those of adults than is sug-
gested by the holistic account of early word recognition.

EXPERIMENT 1

In Experiment 1, the target was the word /ittle, and the
foils differed from the target on either the first, the sec-
ond, or the third segment (i.e., the onset, the vowel, or
the coda, respectively). Thus, the foils were /nltl/, /IEtl/,
and /lIgl/. We reasoned that a listener might approach
our task in at least two ways, thereby yielding two dis-
tinct patterns of reaction-time and false-alarm data. One
such approach might be to maintain a memory repre-
sentation of the target word in terms of segments and, as
a stimulus is presented, determine in a left-to-right fash-
ion whether each incoming segment matches the one in
memory. The segment-matching approach is consistent
with proposals in which initial segments have a special
status in lexical access (Marslen-Wilson & Welsh, 1978;
Walley, 1993). It would lead to rejections of stimuli dif-
fering from the target on early segments being faster
than rejections of those differing on later segments, be-
cause early segments appear earlier in time. Thus, the
pattern of reaction times for correctly judging that the
foils are different from the target should be: /nltl/ <
/IEtl/ < /lIgl/. The segment-matching approach might
also lead a listener to make a target response incorrectly
(false alarm) when one or more segments from the be-
ginning of the foil matched the target; foils differing
from the target on a later segment might therefore elicit
more target responses (false alarms) than foils differing
on an earlier segment, and the pattern of false alarms
should be the same as the pattern of reaction times.

A second approach to the task might be to maintain a
memory representation of the target in terms of phonetic
features and compare the overall featural similarity of
the stimulus on each trial with that of the target. The
featural-overlap approach is consistent with data from
the two-stimulus comparison task used by Luce (1986;
Luce et al., 1990). It would lead to rejections of stimuli
differing from the target on a greater number of features
being faster than rejections of those differing on fewer
features. Consider the featural similarity of the target /it-
tle and the three foils (see Table 1). The /n/ in /nitl/ dif-
fers from the initial /1/ in litfle by only a single feature.
In contrast, the /t/ in little and the /g/ in /lIgl/ differ by
two features. The /I/ in little and the /E/ in /IEtV/ also dif-
fer by only a single feature; however, there is no empir-
ical evidence that vowel and consonant features can be
equated in adult listeners.! If we consider only conso-
nant features, the pattern of reaction times should be

Table 1
Featural and Segmental Relations of Targets and Foils
in Experiments 14

Foil
Differences from Target

Features Segments
Target Number Type Number Type
Experiments 1 and 2
little
/mltl/ 1 Manner 1 Onset
/1EtY 1 Vowel height 1 Vowel
/gl 2 Place, voice i Coda
/gltl/ 2 Place, manner 1 Onset
/Mtn/ 2 Manner, glottal stop 1 Coda
Experiments 3 and 4
lick
/nlk/ 1 Manner 1 Onset
/1EK/ 1 Vowel height 1 Vowel
/11g/ 1 Voice 1 Coda
/glk/* 2 Place, manner 1 Onset
/11£/* 2 Place, manner 1 Coda
/zlg/* 2 Manner of onset, 2 Onset, coda
voice of coda
/ZEK/* 2 Manner of onset, 2 Onset, vowel

vowel height

*Crucial test cases for the features-and-segments hypothesis (see text).

/Mgl/ < /nltl/. The featural-overlap approach would also
lead to more false alarms for foils that share more fea-
tures with the target, and the pattern of false alarms
should be the same as the pattern of reaction times. Note
that both the reaction-time and the false-alarm predic-
tions of the featural-overlap hypothesis are in the oppo-
site direction to the predictions of the segment-matching
{left-to-right) hypothesis.

On the basis of these two hypotheses about how lis-
teners approach our task, the strongest evidence favor-
ing the holistic hypothesis would be provided by adults
producing the pattern of data predicted by the segment-
matching hypothesis and by children producing the pat-
tern predicted by the featural-overlap hypothesis. Such
an outcome would indicate that adults employ segmen-
tal representations, while children do not. In contrast,
the strongest evidence against the holistic hypothesis
would be if both adults and children were to produce the
pattern of data predicted by the segment-matching hy-
pothesis. This outcome would indicate that both groups
of listeners employ segmental representations. A third
outcome is also possible—namely, one in which both
adults and children produce the pattern of data predicted
by the featural-overlap hypothesis. In order to assess the
implications of such an outcome for the holistic hypoth-
esis, further experiments would be needed to determine
whether the similarity in the two groups’ performance
reflected similar lexical representations.

Method

Subjects. The subjects for all experiments were recruited from
birth announcements in Rochester newspapers and were reported
by their parents to have normal hearing. Different groups of sub-



jects were tested in the four experiments. Seventeen 3- to 4-year-
old children (10 males and 7 females, age range = 47-56 months,
mean = 50) participated in Experiment 1. An additional seven
children were tested but not included in the study because they
failed to meet the inclusion criterion (see below). Nine college stu-
dents also participated to provide an adult comparison group.

Materials. The target word little was chosen because it is fa-
miliar to children and likely to be easily remembered in our task.
Also, when it is produced in its citation form, Jittle has no mini-
mal pairs in English; therefore, according to the view that children
come to use segmental representations on a piecemeal basis as
they acquire pairs or sets of phonetically similar words (e.g.,
Charles-Luce & Luce, 1990; Walley, 1993), little should still be
represented holistically by children of the ages we tested.2 As
noted in the Introduction, three nonword foils to little were created
by changing either the onset, the vowel, or the coda of the first syl-
lable of this word, yielding /nltV/, /1Etl/, and /llgl/, respectively.
Nonword foils were used (as opposed to words) in order to avoid
having sets of stimuli that created minimal word pairs and that
might thereby have increased the likelihood that children would
have a segmental representation of the words in the set (see above).
In addition to the target and foils, four other English words and two
nonwords, each of which was phonetically dissimilar from either
the target word or the foils, were included as control stimuli. These
were cookie, teacher, water, Mickey, /gaeldn/, and /garbn/. The
target word, foils, and control stimuli in this and subsequent ex-
periments were recorded by a female talker and digitized at 10 kHz
with a 4.8-kHz lowpass filter for computer presentation.

Procedure. Children were brought by their parents to the De-
velopmental Speech Perception Laboratory at the University of
Rochester. They were taken into an IAC sound-attenuated booth
containing a child-sized desk, a loud speaker placed directly in
front of the desk, and a “talking” dog. Parents were allowed to sit
in a chair three feet behind the child in the booth, and were asked
to refrain from speaking during the experiment. The desk top con-
tained two pressure-sensitive plates that could detect a “press”
from the child’s hand. This allowed us to collect children’s re-
sponses, as well as their response latency, automatically. On either
side of the desk top were stickers, one showing a smiling face and
the other showing a frowning face; the positions were counter-
balanced across subjects. The children were told that the dog was
going to say some “things,” and that sometimes it would say the
word Jittle. If 1t did, the child should press the smiling face as fast
as he or she could, but if the dog said anything else, the child was
to press the frowning face.

The children were then taken through ten practice trials in
which the stimuli consisted of the target word and the control stim-
uli. None of the three foils was presented during the practice tri-
als. Children who did not correctly respond to at least 90% of the
practice stimuli were not included in the study; those who met the
criterion participated in the three blocks of test trials. Each 12-trial
block consisted of 3 trials of the target, interspersed among 3 trials
using the foils (i.e., 1 trial for each of the foils) and 6 trials using
the control stimuli (i.e., 1 trial for each of the control stimuli). The
stimuli were presented at 70 dB (SPL), both in practice and in ex-
perimental trials. Each trial consisted of a single presentation of
the word or nonword. The same procedure was followed in all
four experiments, although the number of trials per block varied
between experiments, depending on the number of foils and con-
trol stimuli used.

Results and Discussion

Two dependent variables were examined—namely,
reaction times for correct responses (see Table 2) and
percentage of target responses (see Table 3}. For the
reaction-time measure, a ¢ test demonstrated that adults
responded significantly faster than children [1,056 msec
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Table 2
Reaction Times (in Milliseconds) for Correct Responses
in Experiments 1 and 3

Reaction Time

__ Children _ Adults
Stimulus M SD M SD
Experiment 1
little 2,250 455 944 160
/nltl/ 2,844 583 1,154 493
/1EtV 2,543 750 1,127 207
/gl/ 2,607 1,104 1,092 169
Controls 2,231 324 962 178
M 2,495 726 1,056 274
Experiment 3
lick 1,674 288 953 189
/nlk/ 2,146 563 1,027 142
/glk/ 2,071 432 977 121
/1EK/ 2,504 690 1,332 367
/1If 2,186 537 1,063 131
Controls 2,346 781 977 145
M 2,154 612 1,055 228

Note—AM, mean; SD, standard deviation.

vs. 2,495 msec, #24) = 5.69, p <.0001]. Unfortunately,
it was not possible to perform an analysis comparing
children’s reaction times with the different types of stim-
uli. This was because there was a large number of miss-
ing data points (26%), largely due to the failure of 11
children to produce any correct responses for one or
more of the foils.

A one-way analysis of variance (ANOVA) was per-
formed on the adults’ reaction-time data, comparing their
responses to the target word, to the three foils, and to the
control stimuli. The ANOVA showed a significant effect
of stimulus type [F(4,32) = 3.20, p < .05]. Pairwise
comparisons (Newman-Keuls, p = .05) showed that

Table 3
Percentage of Target Responses in Experiments 1 and 2

Target Responses (%)

Children Adults*
Stimulus M SD M SD
Experiment 1
little 91 15 100 0
/nltV 65 45 8 15
/1EtV 45 42 0 0
/gl 29 44 4 12
Controls 6 9 0 0
M 47 45 23 40
Experiment 2
little 90 13
/mltl/ 47 37
/IEtV/ 27 34
/igl/ 24 29
/gltl/ 29 38
/tn/ 24 29
Controls 3 4
M 35 38

Note—AM, mean; SD, standard deviation. *Adult subjects were not

used in Experiment 2.
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adults responded more slowly to the foils than they did
to the target. Not surprisingly, they also responded to the
three foils more slowly than they did to the phonetically
dissimilar control words. The latter result suggests that
adults found the target to be more confusable with the
foils than with the control stimuli. Although adults did
not demonstrate significant differences in their reaction
times to the three foils, it is important to note that the
pattern of times (/lIgl/ </nltl/) is the opposite of that pre-
dicted by the segment-matching hypothesis, whereas it
is exactly the one predicted if listeners respond on the
basis of the featural overlap of the target and foils.?

For the percentage of target responses, a two-way
ANOVA, with age (child vs. adult) as a between-subjects
factor and stimulus (target vs. foil vs. control) as a
within-subjects factor, showed that, across all stimuli,
adults made fewer target responses than children {23%
vs. 47%, F(1,24) = 8.96, p < .01]. The analysis also
showed a significant effect of stimulus [F(4,96) =
45.48, p <.0001] and a significant age X stimulus in-
teraction [F(4,96) = 6.42, p < .001]. Not surprisingly,
pairwise comparisons (Newman-Keuls, p = .05) of the
adult data showed that they made more target responses
to the actual target word than to the other stimuli; there
was no difference, however, between their responses to
the foils and their responses to the control stimuli.

Pairwise comparisons of children’s target-response
data provide a more telling picture of their target—foil
confusions. Like adults, children made more target re-
sponses to the target word than to the other stimuli. In
addition, however, children made more target responses
to the foils than to the control stimuli, and among the
foils, they made more target responses to /nltl/ than to
the other two foils (/1Etl/ and /1Igl/). Thus, the pattern of
children’s target responses is the one predicted if listen-
ers respond on the basis of the number of overlapping
consonant features between the target and the foils.

Consistent with other developmental research on the
relation between speed and accuracy in adults and chil-
dren (e.g., Kail, 1991), the following two aspects of chil-
dren’s target responses correspond to the reaction times
of the adults: (1) children made more target responses
(false alarms), and adults made slower responses, to
foils than to control stimuli, which suggests that both
groups of listeners were affected by the phonetic simi-
larity of the stimuli and found it more difficult to distin-
guish foils than to distinguish control stimuli from the
target; and (2) the children’s pattern of responses to the
three foils was similar to the adults’; in particular, chil-
dren reliably produced more target responses to the foil
/nltl/ than to the other two foils. Although there were no
significant differences among adults’ reaction times to
the three foils, their pattern of responding was similar to
the children’s pattern of false alarms, with /nltl/ receiv-
ing longer responses than the other foils. Thus, the pat-
tern of responses across age is most consistent with the
featural-overlap account. Beforc we can assess the im-
plications for the holistic hypothesis, we must determine

whether the similar response patterns of adults and chil-
dren reflect the use of similar lexical representations.

There are several possible explanations of the chil-
dren’s target—foil confusions, and in particular of why
they made more target responses to /nltl/ than to the
other foils. One explanation already discussed is that
/nltl/ shares more consonant features with the target than
do the other foils; the fact that /nltl/, which differed from
the target by a single consonant feature, received more
target responses than /IEtl/, which differed by a single
vowel feature, might be taken to indicate that consonants
differing by a single feature are more confusable than
vowels differing by a single feature. Another explanation
concerns the number of segments shared by the target
and individual foils: The foil /nltl/ contains the longest
uninterrupted string of segments (/Itl/) matching the tar-
get. Finally, there is the explanation that /nlt)/ shares the
rime (vowel and coda) of the first syllable of the target.

Of these three possible accounts—featural overlap,
longest uninterrupted string of segments, and matching
rime—the first is closest to representational models that
have been proposed for adult listeners. For example,
Miller and Nicely (1955) showed that the degree of fea-
tural overlap between two phonetic segments largely de-
termined how perceptually confusable they were. More
recent research on adult spoken-word recognition also
supports the important role of features (e.g., Cole, 1973,
1981; Luce et al.,, in press; Milberg, Blumstein, &
Dworetzky, 1988). Therefore, if children’s performance
on our task proves to have been based on featural overlap
between the foils and the target, we would have evidence
that adults and children employ similar lexical repre-
sentations. Importantly, we would also have evidence
against one form of the developmentally protracted
holistic hypothesis, which proposes that children’s lexi-
cal representations are based on overall acoustic/pro-
sodic (as opposed to featural) properties of words.* Ex-
periment 2 was therefore designed to determine whether
the featural-overlap hypothesis provides the best account
of children’s performance in Experiment 1.

EXPERIMENT 2

This experiment was designed to contrast the featural-
overlap hypothesis, the longest-uninterrupted-string-of-
segments hypothesis, and the matching-rime hypothesis.
To accomplish this, we included the same three foils that
were used in Experiment 1 (/nltl/, /IEtl/, and /1Igl/), as
well as two new foils, /glt}/ and /lItn/. The featural-overlap
hypothesis predicts that children should make the great-
est number of incorrect target responses (false alarms) to
/nltl/. Crucially, they should make more target responses
to /nltl/ than to /gltl/, because /n/ differs from /l/ by a sin-
gle feature, whereas /g/ differs from /1/ by two features
(see Table 1). In contrast, the longest-uninterrupted-
string-of-matching-segments hypothesis predicts that
children should make the greatest number of target re-
sponses (false alarms} to /nltl/, /gltl/, and /lltn/, because



all three foils share an uninterrupted string of three seg-
ments with little.5 Finally, the matching-rime hypothesis
predicts that children should make the greatest number
of target responses (false alarms) to both /nltl/ and /gltl/,
because both share the target’s rime.

Method

Subjects. Fifteen 3- to 4-year-old children (10 males and 5 fe-
males, age range = 49-53 months, mean = 51) participated in Ex-
periment 2. Four additional children were tested, but failed to meet
the inclusion criterion (see Experiment 1).

Materials. The control stimuli in Experiment 2 were teacher,
monkey, /hodn/, and /saki/ (some of the control stimuli were
changed from those used in the previous experiment to avoid pho-
netic similarity with the new foils, /gltl/ and /1Itn/).

Results and Discussion

Because the children’s reaction times in Experiment 1
were relatively uninformative, in Experiment 2, we
focused on the percentage of target responses (see
Table 3). A one-way ANOVA, with stimulus (target vs.
foil vs. control) as a within-subjects variable, revealed a
significant effect of stimulus [F(6,84) = 19.46, p <
.0001]. Planned, one-tailed ¢ tests were used to test the
predictions of the three hypotheses under investigation.
Consistent with the featural-overlap hypothesis, children
made more target responses to the foil /nltl/ (47%) than
to /gltl/ [29%, ¢(14) = 2.00, p <.05], Ngl/ [24%; t(14) =
2.67, p < .01], or /litn/ [24%, t(14) = 2.67, p < .01].
They also made more target responses to /nltl/ than to
NEtY [27%, t(14) = 2.33, p < .025]. The fact that the
false-alarm rates were larger for /nltl/ than for /gltl/ is con-
sistent with neither the longest-uninterrupted-string-of-
segments hypothesis nor the matching-rime hypothesis.

The data from Experiments 1 and 2 suggest that chil-
dren represent spoken words in terms of phonetic features,
just as has been proposed for adults (e.g., Goldinger
et al., 1989; Luce et al., in press; Milberg et al., 1988).
Our results are similar to those of Graham and House
(1971), who asked three- and four-year-olds to make
same—different judgments for pairs of three-syllable
nonsense words. They found that children were most
likely to make incorrect “same” judgments when the two
stimuli differed by only a single feature. However, our
findings further indicate that phonetic features are im-
portant in predicting children’s discrimination ability
when one of the items in a minimal pair is a real word
that is not presented on each trial and must be repre-
sented in memory. This situation is more similar to the
one found in actual lexical access. Furthermore, our task
made it unlikely that children’s performance was based
only on the physical similarity of the stimuli, and thereby
increases the likelihood that we were tapping children’s
lexical representations. The fact that both adults and
children appear to be influenced by featural overlap in
their discrimination performance suggests that they may
employ approaches to spoken-word recognition that are
more similar than has been proposed by some support-
ers of the holistic hypothesis.
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The data from Experiments 1 and 2 raise two ques-
tions about the generalizability of the featural-overlap
account. The first concerns whether children are also in-
fluenced by the featural overlap of target and foils when
faced with monosyllabic stimuli, or with a target that
forms many minimal pairs with real English words. The
second question concerns the status of vowel features in
children’s and adults’ lexical representations; recall that
the foil /IEtl/ differed from the target by a single vowel
feature, but that it nevertheless received fewer target re-
sponses than did /nltl/, which differed by one consonant
feature. Was the relative discriminability of consonant
and vowel features that was observed in these experi-
ments specific to our stimuli? These questions were ad-
dressed in Experiment 3.

EXPERIMENT 3

Experiment 3 employed only monosyllabic stimuli.
The target word was Jick, and foils differed from the tar-
get by either a single consonant feature (/nlk/),6 a single
vowel feature (/IEk/), or two consonant features (/glk/
and /1If/; see Table 1). Unlike the target used in Experi-
ments 1 and 2, the new target forms minimal pairs with
many words that young children are likely to know (e.g.,
“kick,” “lock,” “lip,” etc.). The first question addressed
in Experiment 3 was therefore whether, with these new
stimuli, children and adults would continue to show ev-
idence in support of the featural-overlap hypothesis.
This hypothesis predicts that listeners should respond
more slowly and make more target responses (false
alarms) to /nlk/ than to either /glk/ or /lIf/. This is be-
cause /n/ and /I/ differ by only a single phonetic feature,
while /g/ differs from /I/ and /f/ differs from /k/ by two
features. The second question addressed in Experi-
ment 3 concerned children’s and adults’ responses to
/IEk/: Would they produce more target responses to foils
that differ from the target by a single consonant feature
(/nlk/) than to those that differ by a single vowel feature
(/IEK/), as they did in Experiments 1 and 2?

Method

Subjects. The subjects were fourteen 3- to 4-year-old children
(8 males and 6 females, age range = 49-54 months, mean = 51).
Six adults also participated as control subjects.

Materials. In addition to the target and foils noted above, two
words (teach and car) and two nonword controls (/hod/ and
/faem/) were used.

Results and Discussion

As in Experiment 1, we examined adults’ and chil-
dren’s reaction times for correct responses (see Table 2)
and examined their percentage of target responses (see
Table 4). Turning first to the reaction times, a two-way
ANOVA, with age (child vs. adult) as a between-subjects
factor and stimulus (target vs. foils vs. control) as a within-
subjects factor, revealed a significant effect of age
[F(1,18) = 33.94, p < .00001], with adults responding
more quickly than children (1,055 msec vs. 2,154 msec).
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Table 4
Percentage of Target Responses in Experiments 3 and 4

Target Responses (%)

__ Children _ Adults*

Stimulus M SD M SD
Experiment 3
lick 99 3 100 0
/nlk/ 38 41 0 0
/EK/ 38 41 0 0
/glk/ 21 31 0 0
iisij 24 40 0 0
Controls 5 7 0 0
M 38 43 17 38
Experiment 4

lick 98 2
/nlk/ 44 47
NEK/ 56 47
Mg/ 51 45
/glk/ 49 43
i 40 40
/zlg/ 29 40
/zEk/ 13 30
Controls 3 4
M 43 44

Note—AM, mean; SD, standard deviation. *Adult subjects were not

used in Experiment 4.

There was also a significant effect of stimulus [F(5,90) =
5.55, p <.001]. Planned ¢ tests were used to address two
specific questions: (1) With respect to whether foils dif-
fering from the target by one consonant feature elicited
slower reaction times than those differing by two con-
sonant features, ¢ tests revealed no significant differ-
ences between /nlk/ (children = 2,146 msec, adults =
1,027 msec) and either /glk/ (children = 2,071 msec,
adults = 977 msec) or /1If/ (children = 2,186 msec,
adults = 1,063 msec); and (2) with respect to the dis-
criminability of consonant versus vowel features, one-
tailed ¢ tests revealed that both children and adults actu-
ally responded faster to /nlk/ than they did to /IEk/
[children = 2,504 msec, #(13) = 3.31, p <.005; adults =
1,332 msec, #5) = 2.82, p < .025]. Before interpreting
these data, let us consider target responses.

Because adults did not make any false alarms, we dis-
cuss only children’s target-response percentages. A one-
way ANOVA, with stimulus (target vs. foils vs. control)
as a within-subjects variable, demonstrated a significant
effect of stimulus [F(6,78) = 24.93, p <.0001]. Planned,
one-tailed ¢ tests were again used to address the two
main questions: (1) With respect to the featural-overlap
hypothesis, children behaved as predicted and made sig-
nificantly more target responses to /nlk/ (38%) than they
did to /gIk/ [21%; #(13) = 1.89, p <.05]. They also made
marginally more target responses to /nlk/ than they did
to /11f/ [24%; 1(13) = 1.59, p <.10]; and (2) with respect
to the discriminability of single consonant versus vowel
features, children made as many target responses to foils
that differed from the target by a single vowel feature
(/IEK/, 38%) as they did to those differing by a single
consonant feature (/nlk/), a pattern different from the

one seen in Experiments ! and 2. The latter finding is
consistent with the reaction-time data, which suggested
that /IEk/ was highly confusable with the target for both
adults and children.

In summary, the target-response data from Experi-
ments 1-3 demonstrate that the degree of featural over-
lap, at least for consonant features, is a consistent deter-
minant of children’s target—foil confusions (also see
Graham & House, 1971). Because featural overlap has
proven to be important in studies of adult spoken-word
recognition (Goldinger et al., 1989; Luce et al., in press;
Milberg et al., 1988), our findings suggest that adults
and children may engage in similar lexical recognition
processes. However, the data do not reveal as consistent
a picture of the relative discriminability of consonant and
vowel features. In the first two experiments, foils differ-
ing by a single consonant feature were more confusable
with the target than were those differing by a single
vowel feature. In contrast, the reaction-time and target-
response data from Experiment 3 suggest that items dif-
fering by a single vowel feature are at least as confusable
as those differing by a single consonant feature. Because
there were differences in the stimuli across the experi-
ments, including in number of syllables and whether the
target formed minimal pairs with other familiar words,
these factors should be examined in future research on the
discriminability of consonant versus vowel features.

Although the featural-overlap hypothesis appears to
provide a good account of the data from Experiments
1-3, two important questions remain, one of which con-
cerns whether the degree of featural overlap between a
foil and a target is a determinant of children’s target—foil
confusions, regardless of the syllable position in which
the distinguishing phonetic segments appears. Across
all three experiments, foils differing from the target by a
single feature on a word-initial segment received more
target responses than foils differing by more than one
feature. That is, /nltl/ and /nlk/, which each differed
from the target by a single feature on the first segment,
consistently received more target responses than did
foils differing from the targets by two features. Given the
inconsistency across the experiments concerning the im-
portance of vowel features, we cannot say whether the
featural-overlap account extends to the vowel position in
a syllable. Therefore, to test the generalizability of the
featural-overlap hypothesis, it would be desirable to de-
termine whether the degree of featural overlap between
foil and target in coda position also affects children’s
target—foil confusions. For example, is /1Ig/, which dif-
fers from lick by one feature on the coda, more confus-
able with the target than /}if/, which differs by two fea-
tures on the coda? This question is important because
studies testing children on other tasks have shown that
children are better able to detect changes in word-initial
segments than in word-final segments (Cole, 1981;
Stanovich et al., 1984; Walley, 1987).7 We addressed this
issue in Experiment 4.

The second question left unresolved by Experiments
1-3 concerns the implication of the featural-overlap ac-



count for all versions of the holistic hypothesis. The fact
that children appear to be influenced by the featural sim-
ilarity of target and foils rules out those holistic accounts
in which children represent words in terms of overall
acoustic or prosodic shape. However, recall that one ver-
sion of the holistic hypothesis posits that children em-
ploy lexical representations composed of phonetic features
that are not bundled into segments (e.g., Charles-Luce &
Luce, 1990; Logan, 1992); in contrast, adults appear to
have access to both featural and segmental representa-
tions, as evidenced by their ability to read and spell (see
Logan, 1992). The data from Experiments 1-3 do not
allow us to determine whether, in addition to featural
overlap, segmental overlap also has an effect on children’s
performance. One way of determining experimentally
whether children’s lexical representations include fea-
tures bundled into segments is to test whether changes to
more than a single segment are more perceptible than the
same aggregate of featural change to a single segment.
We also addressed this issue in Experiment 4.

EXPERIMENT 4

Experiment 4 had two purposes. First, it sought to de-
termine whether single-feature differences have an equal
perceptual effect, regardless of syllable position. To this
end, a new foil (/1Ig/) was added, that differed from the
target lick by a single feature on the coda. According to
the featural-overlap hypothesis, both foils that differ
from the target by a single consonant feature (i.e., /nlk/
and /11g/) should receive more target responses than the
foils differing by more than one feature.

Second, Experiment 4 tested the features-and-
segments hypothesis, according to which, children’s per-
formance in our task is based not only on the number of
features that are different between a foil and target, but
also on the number of segments that are different. In par-
ticular, we asked whether a foil that differs from the tar-
get by two features on one segment would receive more
target responses (false alarms) than a foil that differs by
one feature on each of two segments. For example, given
the target lick, will /glk/, which differs by two features
on the onset, be heard as more similar to the target than
/z1g/, which differs by one feature on the onset and one
feature on the coda? If so, we have reason to claim that,
contrary to all versions of the holistic hypothesis, both
features and segments play a role in children’s spoken-
word representations. To test the features-and-segments
hypothesis, two additional foils were created that dif-
fered from the target word lick by a single feature on
each of two segments (see Table 1). The features-and-
segments hypothesis predicts that children will make
more target responses to the two foils differing from the
target by two features on one segment (i.e., /glk/ and
/11f/) than they will to the two foils differing from the tar-
get by one feature on each of two segments (i.e., /zlg/
and /zEK/). In contrast, the version of the holistic hy-
pothesis in which children represent features that are not

PERCEPTUAL CONFUSIONS 483

bundled into segments predicts that these four stimuli
will receive an equal number of target responses.

Method

Subjects. The subjects were 15 three- to four-year-old children
(8 males and 7 females, age range = 45-53 months, mean = 51).
Four additional children were tested, but failed to meet the pretest
criterion.

Materials. The target word was lick, as in Experiment 3. The
seven foils and their featural relation to the target are shown in
Table 1. The same four control stimuli that were used in Experi-
ment 3 were used.

Results and Discussion

Because the number of target-responses was the most
informative measure in Experiments 1-3, we focused on
it in Experiment 4 (see Table 4). A one-way ANOVA, with
stimulus (target vs. foil vs. control) as a within-subjects
variable, demonstrated a significant effect of stimulus
[F(8,112) = 14.10, p < .0001]. This analysis was fol-
lowed up with two sets of planned comparisons, one test-
ing the predictions of the featural-overlap hypothesis,
and the other testing the predictions of the features-and-
segments hypothesis.

The featural-overlap hypothesis predicts that children
should make more target responses to foils differing
from the target by a single feature than to foils differing
by two features. Planned ¢ tests compared responses to
the three foils that differed from the target by a single
feature with responses to the four foils that differed by
two features. The difference was not significant [#(14) =
1.21, p < .15]. A planned ¢ test also compared /1Ig/ and
/If/, to test the more specific prediction of the featural-
overlap hypothesis, that foils differing by a single feature
in coda position would receive more target responses
than foils differing by two features in coda position. Again,
the difference was not significant [#(14) = 1.10,p <.15].
Unfortunately, the lack of a significant effect of one as
opposed to two coda features, taken together with a lack
of effect for onset features, makes it impossible to com-
pare the results from Experiment 4 with those from pre-
vious studies in which children were better able to detect
changes to initial segments than to final segments (Cole,
1981; Stanovich et al., 1984).

Although the predictions of the featural-overlap hy-
pothesis were not supported in the statistical analyses,
the ordering of children’s target responses generally fol-
lowed the predicted pattern. Thus, two of the three foils
that differed from the target by a single feature (/IEk/ and
/1ig/) received more target responses than the four foils
that differed by two features (/glk/, /11f/, /zIg/, and
/zEK/). The one exception to the predicted ordering of
target responses was that /nlk/, which differed from the
target by a single feature, received fewer target re-
sponses than /glk/, which differed by two features. This
is puzzling, given that in Experiment 3, children made
more target responses to /nlk/ than they did to /glk/ for
the same acoustic strings. It is also puzzling that the dif-
ferences in target responses predicted by the featural-
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overlap hypothesis did not reach significance, whereas
they did in the previous experiments. Experiment 4 used
more types and tokens of foils than the other experi-
ments (7 types and 21 tokens vs. 3-5 types and 9-15 to-
kens, respectively), as well as a larger ratio of controls
to foils (21:12 vs. 9:18-12:12). Both of these factors
might have biased children to make target responses to
the foils, thereby obscuring their sensitivity to particular
phonetic contrasts. Perhaps the fact that foils in Experi-
ment 4 differed from the target in all three syllable posi-
tions also made the task more difficult.

Turning to a consideration of the data in terms of the
features-and-segments hypothesis, this hypothesis pre-
dicts that those foils differing from the target by two fea-
tures on one segment (i.e., /glk/ and /11f/) should be more
often confused with the target than should the foils dif-
fering from the target by one feature on each of two seg-
ments (i.e., /zIg/ and /zEk/). To test this prediction,
planned, one-tailed ¢ tests were performed comparing
the target responses made to /glk/ and /IIf/ with those
made to /zlg/ and /zEk/. The results showed that /glk/
was confused with the target significantly more fre-
quently than either /zIg/ [#(14) = 2.00, p <.05] or /zEK/
[t(14) = 3.60, p < .01]. The foil /1If/ was more fre-
quently confused with the target than was /zEk/ [#(14) =
2.70, p < .01}, but responses to it did not differ signifi-
cantly from those to /zlg/ [t(14) = 1.10, p < .20]. These
data are consistent with the view that, as well as fea-
tures, segments are important in children’s spoken-word
recognition. They are not consistent with the version of
the holistic hypothesis in which children represent fea-
tures that are not bundled into segments.

GENERAL DISCUSSION AND CONCLUSION

The data from all four experiments are consistent with
the view that degree of featural overlap between two
acoustic strings is a major determinant of children’s
spoken-word discrimination. This view is consistent
with adult spoken-word recognition (Goldinger et al.,
1989; Luce et al., in press; Milberg et al., 1988), as well
as with one previous study using a different methodol-
ogy with children (Graham & House, 1971). In Experi-
ments 1-3, children made significantly more target re-
sponses (false alarms) to foils differing from the target
by a single consonant feature than they did to those dif-
fering by two features. Although the data from Experi-
ment 4 did not demonstrate this pattern in a statistically
reliable way, the data were, for the most part, in the pre-
dicted direction. The relatively large number of foil
types and tokens and the large ratio of foils to control
stimuli in Experiment 4 may have obscured children’s
sensitivity to some phonetic contrasts. Therefore, future
experiments employing this method might restrict the
number of foil types and tokens, while still examining
theoretically important contrasts.

The most important finding of our research is that
children made more target responses to foils that dif-

fered from the target by two features on a single segment
than they did to foils that differed by one feature on each
of two segments. This pattern of responses is consistent
with the view that children not only have a representa-
tion of phonetic features, but associate these features with
segmental positions in the word. Such a finding is at
odds with the holistic hypothesis, and suggests that the
representations that children use in spoken-word recog-
nition are more similar to those of adults than the data
from other tasks, such as gating, have led us to believe.
Unfortunately, the predictions of the features-and-
segments hypothesis were not completely supported by
the data, in that the difference between /1If/ and /zlg/ in
Experiment 4 was not a reliable one. Furthermore, the
overall pattern of results in Experiment 4 failed to show
strong evidence for the featural-overlap hypothesis,
which is an integral part of the features-and-segments
account. Thus, our conclusions at this point must remain
tentative.

Importantly, the task introduced in the present study
offers a potentially more fruitful way to examine chil-
dren’s spoken-word representations than have many pre-
vious paradigms. Since it does not require children to
associate phonetic strings with referents, the task may be
less demanding of their memory and information-
processing abilities. Furthermore, the fact that children
compare stimuli with a remembered target increases the
likelihood that their performance is based on a lexical
representation of the target in memory, and not only on
the physical similarity between stimuli.

Future research using this technique might address a
number of other issues, one of which concerns the im-
portance in word recognition of vowel features versus
consonant features. In Experiments 1 and 2, which used
bisyllabic words, foils differing from the target by a sin-
gle consonant feature received more target responses
than did foils differing by a single vowel feature. In Ex-
periments 3 and 4, which used monosyllabic words,
vowel and consonant features appeared to have similar
perceptual effects. To determine whether the degree of
featural overlap among vowels has an effect similar to
the featural overlap among consonants, new studies
should use monosyllabic and bisyllabic foils that differ
from the target by one or two vowel features. Future
research using this task should also ask how much of
children’s performance is determined by the lexical sta-
tus of the target and foils. The crucial cases in Experi-
ments 1—4 required children to contrast a nonword foil
with a remembered target word. Would children’s per-
formance differ in theoretically interesting ways if the
foils were also words, or if both target and foils were
nonwords?

In summary, our results suggest that, while children’s
spoken-word recognition becomes more efficient over
the course of development, the recognition process and
the representations involved may be quite similar to
those of adults. Although a great deal of research re-
mains to be done, we believe that the task employed here



provides a useful tool for examining children’s spoken-
word recognition.
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NOTES

1. Different fypes of consonant features (e.g., place vs. manner of ar-
ticulation) might also result in different degrees of similarity (e.g.,
Cole, 1981); however, we do not address that issue in the current re-
search.

2. If the likelihood that children form a segmental representation of
a word increases with their knowledge of the word (Walley, 1993; Wal-
ley & Metsala, 1990), little might well be given a segmental represen-
tation. However, the mechanism by which knowledge of a single word
(as opposed to knowledge of several phonetically similar words) could
lead to a change in lexical representation has not been well specified.

3. We thank an anonymous reviewer for pointing out that the pattern
of adult reaction times is consistent with data from mispronunciation-
detection tasks (MP tasks), in which listeners respond more slowly to
word-initial mispronunciations than they do to word-internal mispro-
nunciations (Cole, 1973). Such data have been taken as evidence for
the special status of word-initial segments in lexical access. However,
there are four reasons why our data should not be interpreted in this
way. First, MP tasks typically conflate word-initial segments with first
syllables (e.g., Cole, 1973); therefore, they can be interpreted as indi-
cating that information in the first syllable of a word (but not neces-
sarily its first segment) is crucial for lexical access. Second, the MP
task is conceptually very different from our task, in which listeners had
to maintain a single word in memory and compare stimulus items to it,
and thus certainly could have performed the task without attempting
lexical access of the stimuli. In contrast, listeners in the MP task prob-
ably attempt lexical access for a stimulus and decide that a word has
been mispronounced either when access fails or when a candidate word
is found that differs minimally from the stimulus. Third, the reaction-
time data from Experiment 3 are not consistent with this view; rather,
they are longest for foils differing from the target on word-internal
segments. Finally, subjects in the MP task typically make fewer false
alarms to items with mispronunciations on the initial segment—ex-
actly the opposite pattern to that seen in adults and children in our
study. In sum, therefore, it seems unlikely that the adult reaction-time
data in Experiment 1 reflect listeners’ special attention to word-initial
segments.

4. Showing that children’s lexical representations are based on fea-
tures leaves open the possibility that these features are not bundled into
segments. We address this point in Experiment 4.

5. Note that while /lItn/ shares its first three segments with little,
there is a glottal stop before the final /n/, thereby making this foil dif-
ferent from the target by at least two features.

6. We thank an anonymous reviewer for pointing out that “nick” is
a verb and a name in English. Although we believe that the verb is
sufficiently unfamiliar to 3- to 4-year-olds for it to be counted as a non-
word for them, it is possible that some of the children had siblings or
friends named “Nick.” Even if this were the case, it is important to note
that children’s performance on this item is generally consistent with
the overall pattern of data for foils that differed from the target by a sin-
gle feature.

7. Note that children’s special attention to word-initial segments in
these studies, but not in others, is consistent with our proposal that dif-
ferences between children and adults do not necessarily reflect differ-
ences in lexical representation, but, rather, they may reflect different
approaches to particular experimental tasks.
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