
Edwards et al.: Final Consonant Discrimination in Children     231

Jan Edwards
Robert A. Fox

Ohio State University
Columbus

Catherine L. Rogers
University of South Florida

Tampa

Final Consonant Discrimination in
Children: Effects of Phonological
Disorder, Vocabulary Size, and
Articulatory Accuracy

Journal of Speech, Language, and Hearing Research  •  Vol. 45  •  231–242  •  April 2002  •  ©American Speech-Language-Hearing Association
1092-4388/02/4502-0231

Preschool-age children with phonological disorders were compared to their
typically developing age peers on their ability to discriminate CVC words that
differed only in the identity of the final consonant in whole-word and gated
conditions. The performance of three age groups of typically developing children
and adults was also assessed on the same task. Children with phonological
disorders performed more poorly than age-matched peers, and younger typically
developing children performed more poorly than older children and adults, even
when the entire CVC word was presented. Performance in the whole-word
condition was correlated with receptive vocabulary size and a measure of
articulatory accuracy across all children. These results suggest that there is a
complex relationship among word learning skills, the ability to attend to fine
phonetic detail, and the acquisition of articulatory-acoustic and acoustic-auditory
representations.
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The speech-perception abilities of children with phonological disor-
ders have been of interest to researchers for the last several decades,
stimulated by Locke’s (1980) proposal that perceptual deficits may

be a causal factor in phonological disorder. Even earlier, researchers
such as Kronvall and Diehl (1954), Prins (1963), and Cohen and Diehl
(1963) had reported that children with functional misarticulation dis-
orders have more difficulty in speech sound discrimination, relative to
their typically developing age peers. For example, Prins (1963) exam-
ined the relationship between type and frequency of articulation er-
rors and number of errors in a standard discrimination test across
different classes of sound pairs. There was no significant relationship
overall, and there was also no relationship for children whose articu-
lation errors involved sound omission or substitution of sounds differ-
ing in gross manner feature. However, there was a highly significant
correlation on those discrimination test pairs that differed only in place
of articulation just for those children whose substitution errors involved
place of articulation. Along this same line, more recent studies on speech
sound discrimination have focused specifically on discrimination of par-
ticular contrasts that the child does not produce. For example, Rvachew
and Jamieson (1989) found that a subgroup of children with functional
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articulation disorders were unable to discriminate be-
tween initial /s/ and /S/ in CVC words. In a later study,
Jamieson and Rvachew (1992) found that perception
training to discriminate synthetic /S/ from other
sounds improved production of /S/ in a small group of
misarticulating children with perceptual problems, al-
though perceptual training had no effect on /S/ pro-
duction in another child without problems in /S/ dis-
crimination (see also Rvachew, 1994). Similarly, both
Hoffman, Daniloff, Bengoa, and Schuckers (1985) and
Ohde and Sharf (1988) found that children who
misarticulated /r/ had difficulty discriminating be-
tween synthetic /r/ and /w/. In another study that iden-
tified a link between perception and production,
Raaymakers and Crul (1988) found that children with
phonological disorders who did not produce the Dutch
affricate /ts/ in final position could not distinguish be-
tween final /s/ and /ts/, whereas another group of chil-
dren with phonological disorders who did produce fi-
nal /ts/ could distinguish this contrast. Thus, there is
consistent evidence across a range of contrasts that
children with phonological disorders have difficulty
discriminating contrasts involving sounds that they
produce in error.

Because the focus of speech perception research for
children with phonological disorders has been on the
discrimination of a particular contrast that the child
does not produce, these studies do not address the ques-
tion of whether children with phonological disorders
also have a more generalized deficit in speech percep-
tion. If a child has difficulty only in perceiving a con-
trast that she does not produce, then it is difficult to
establish causation: Does the child fail to perceive the
contrast because she does not produce it, or does she
fail to produce the contrast because she does not per-
ceive it? In either case, it may be that the perceptual
system is intact, with the exception of the perception
of particular contrasts that the child does not produce.
On the other hand, it might be the case, as Forrest,
Chin, Pisoni, and Barlow (1995) proposed, that an un-
derlying cause of phonological disorder is a more gen-
eralized difficulty with speech perception. In order to
produce the contrasts in the phonological system of the
ambient language, the young child must learn the per-
ceptual cues of that language. That is, he must learn
to attend to just those dimensions and patterns in the
acoustic signal relevant for distinguishing the contrast-
ing consonants and vowels of the ambient language and
for parsing the language-specific rhythmic structures
that make particular temporal sequences of contras-
tive sounds phonotactically well-formed or ill-formed.
Difficulty with this complex task might be one under-
lying cause of phonological disorder.

There is evidence that younger typically develop-
ing children, relative to older children and adults,

have difficulty attending to fine phonetic detail in the
acoustic signal. Numerous studies of children with
typical phonological development have shown that
younger children perform more poorly than older chil-
dren and adults on perception tasks when the signal
is distorted or degraded in some way (e.g., Elliott,
Hammer, & Evan, 1987; Fox, Wall, & Gokcen, 1992;
Munson, 2001; Murphy, Shea, & Aslin, 1989;
Nittrouer, 1992; Ryalls & Pisoni, 1997; Walley, 1988).
For example, both Elliott et al. (1987) and Walley
(1988) found that younger children, relative to older
children and adults, needed more acoustic informa-
tion to recognize familiar words.

There is some evidence that children with phono-
logical disorders, like younger typically developing chil-
dren, also have difficulty in attending to fine phonetic
detail, even when the task does not focus on the dis-
crimination of a particular contrast that the child does
not produce. Forrest et al. (1995) suggested that chil-
dren with phonological disorders have difficulty in dis-
tinguishing between linguistically relevant variability
in the acoustic signal and linguistically irrelevant vari-
ability (such as speaker characteristics). Ryalls and
Pisoni (1997) found that distinguishing between lin-
guistically relevant and irrelevant information is diffi-
cult even for typically developing children. In their
study, the inclusion of multiple talkers resulted in a
significantly larger decrement in performance for typi-
cally developing preschool-age children than for adults.
Forrest et al. (1995) found that children with phono-
logical disorders performed more poorly than their typi-
cally developing age peers in a picture-identification
task, with the differences between the groups being
more pronounced in a multiple-speaker condition as
compared to a single-speaker condition; these differ-
ences were not significant because of small sample size,
but they were in the predicted direction. These find-
ings are in keeping with earlier work on much younger
typically developing children, in which Jusczyk, Pisoni,
and Mullennix (1992) showed that increasing stimu-
lus variability by using multiple talkers decreased in-
fants’ ability to discriminate sound contrasts that had
been demonstrated earlier to be within the discrimi-
nation ability of even nonhuman listeners (Kuhl &
Padden, 1983).

Edwards, Fourakis, Beckman, and Fox (1999a) also
found evidence of more generalized deficits in speech
perception for children with phonological disorders. In
that study, children with phonological disorders were
significantly less accurate than their typically devel-
oping age peers in identifying backward-gated CVC
words, in which portions of the final consonant had been
deleted, and in identifying noise-center CVC words, in
which portions of the medial vowel had been deleted.
However, much individual variability was observed,
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with at least one child with a phonological disorder per-
forming at the same level of accuracy as the typically
developing control subjects, whereas another child with
a phonological disorder did not identify any gated words
accurately. Edwards et al. (1999a) could not identify the
sources of this variability because the number of par-
ticipants was so small (only 6 children with phonologi-
cal disorders and 6 typically developing control subjects).

The purpose of the current study was to examine
further the ability of children with phonological disor-
ders to recognize familiar words when the redundancy
in the speech signal has been reduced, with a larger
number of participants and with more than a single
token of each stimulus type. In this study, as in the
previous one, we chose to use a gating task in which a
portion of a real word is “gated” for presentation and
subjects are asked to identify the word on the basis of
the incomplete acoustic information in that gated por-
tion. A gating task has a number of advantages. First,
much previous research has shown that young typi-
cally developing children are able to identify back-
ward-gated words (e.g., Elliott et al., 1987; Walley,
1988). Second, backwards gating masks some of the
subtle natural cues to place of articulation that Prins’s
(1963) results suggest are the most likely acoustic
properties to be implicated if the misarticulating child
has a subtle deficit in perceptual phonological knowl-
edge. Third, the gated stimuli can be created easily
using digitized natural speech instead of synthetic
speech. This is important because the unfamiliar deg-
radations inherent to synthetic speech may introduce
artifacts into the observed response patterns that are
unrelated to natural speech perception, even in ideal
listening conditions (e.g., Logan, Greene, & Pisoni,
1989). Finally, the processing load in gating tasks is
relatively low because the subjects are asked only to
identify familiar words. This means that observed
differences between groups can be attributed to dif-
ferences in perception-related phonological represen-
tations and processes, rather than to differences in
phonological working memory or other aspects of
nonperceptual cognitive processing (which are possible
confounds in such tasks as same/different discrimi-
nation, where the child must hold both items in work-
ing memory while deciding on a response).

Two experiments were included in this study. The
first experiment examined the performance of typically
developing children at different ages, whereas the sec-
ond experiment compared the performance of children
with phonological disorders to that of their typically
developing age peers. Given previous research, we ex-
pected that younger children would perform more
poorly than older children and adults. The first experi-
ment was included to address the question of whether
the poorer performance of children with phonological

disorders relative to age peers was similar to that of
younger typically developing children relative to older
children. We also predicted that children with phono-
logical disorders would perform significantly more
poorly than their typically developing age peers on a
backwards-gating task, given our previous results
(Edwards et al., 1999a). We were particularly inter-
ested in determining what factors influenced the indi-
vidual variability that we had observed in the previ-
ous study. We chose to examine four possible predictors:
expressive vocabulary size, receptive vocabulary size,
articulatory accuracy, and specific error patterns. Vo-
cabulary size has been found to be related to speech
perception in several studies. For example, Munson
(2001) as well as Edwards, Fox, and Rogers (1999b)
found that both expressive and receptive vocabulary
size were significantly correlated with word-discrimi-
nation scores in several conditions on a gating task.
Werker, Corcoran, Fennell, and Stager (2000) also ob-
served a relationship between speech perception and
vocabulary size in a study with much younger children.
Werker et al. (2000) found that ability to perceive a
contrast between two minimally contrastive novel
words (/bI/ versus /dI/) in a word-learning task was cor-
related with both receptive and expressive vocabulary
size at 14 months. Although this ability was not corre-
lated with absolute vocabulary size at 20 months, it
was correlated with expressive vocabulary percentile
ranking (that is, an age-normalized vocabulary score)
throughout the age range of 14 to 20 months. Werker
et al. suggested that younger children who know more
words are better able to attend to the fine phonetic
detail within words; conversely, at all ages studied,
children who are better able to attend to this fine pho-
netic detail are better word learners. At a later age, we
might expect a similar relationship between vocabu-
lary size and a more complex speech-perception task,
such as the ability to identify or discriminate backward-
gated CVC words. We also chose to include articula-
tory accuracy as a possible predictor. We might expect
that children with better speech perception skills would
have higher articulatory accuracy or, conversely, higher
articulatory accuracy might result in better speech-per-
ception skills. Finally, we chose to look at one specific
error pattern in relation to performance on the speech-
perception task. Because the task involved discrimi-
nation of backward-gated CVC words, the children
were, in effect, asked to identify final consonants on
the basis of incomplete acoustic information. Given
results of previous researchers indicating that children
with phonological disorders have difficulty perceiving
contrasts that they do not produce (e.g., Prins, 1963;
Raaymakers & Crul, 1988), we wondered whether chil-
dren who did not produce final consonants would have
the most difficulty with this task.
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Experiment I

Method
Participants

The participants were 105 children with typical
phonological development and 22 adults. All participants
were part of a larger study on phonological knowledge
deficits in phonological disorder. All of the typically de-
veloping children met the following four criteria: (1)
normal articulatory development, as evidenced by a score
no more than one standard deviation below the mean
on the Goldman-Fristoe Test of Articulation (GFTA;
Goldman & Fristoe, 1986); (2) normal hearing, as evi-
denced by passing a hearing screening at 20 dB HL at
500, 1000, 2000, and 4000 Hz; (3) normal structure and
function of the peripheral speech mechanism, as evi-
denced by a standard score no more than one standard
deviation below the mean on the oral movement subtest
of the Kaufman Speech Praxis Test for Children (KSPT;
Kaufman, 1995); (4) normal nonverbal IQ, as evidenced
by a standard score no more than one standard devia-
tion below the mean on the Columbia Mental Maturity
Scale (CMMS; Burgemeister, Blum, & Lorge, 1972). The
children were divided into three age groups: 3- to 4-year-
olds, 5- to 6-year-olds, and 7- to 8-year-olds. The adult
participants passed a hearing screening and had no re-
ported history of speech, language, or hearing problems.
Expressive and receptive vocabulary size were measured
by the Expressive Vocabulary Test (EVT; Williams, 1997)
and the Peabody Picture Vocabulary Test–III (PPVT-III;
Dunn & Dunn, 1997), respectively. Table 1 gives descrip-
tive information on all subjects by age group. One-way
ANOVAs and Scheffé post hoc comparisons on children’s
standardized test scores showed that GFTA percentile
rankings were significantly higher for the 7- to 8-year-
old children than for the 3- to 4-year-old children. Also,

EVT standard scores were significantly lower for the 7-
to 8-year-olds than for the 3- to 4-year-olds, and were
significantly higher for the adults than for all three
groups of children. However, all test scores on the GFTA
and EVT were within the normal range (no more than
one SD below the mean). No other significant differences
in test scores were noted.

Stimuli
The stimuli were two sets of minimally contrastive

words that we expected to be familiar to children and
that could be represented by pictures: tap versus tack
and cap versus cat. The low vowel /œ/ was chosen to en-
sure substantial formant transitions from the medial
vowel to the final consonant. Multiple repetitions of each
word were spoken by an adult male speaker of Standard
American English who was instructed to release the fi-
nal stop consonant. These repetitions were recorded onto
digital audiotape and digitized at 20 kHz for subsequent
analysis. For each word type, we selected five tokens that
were similar in measured acoustic durations (including
whole word duration, vowel duration, and closure dura-
tion of the final consonant) and overall quality (both
within and across members of the two minimal pairs) as
judged by two experienced listeners. Backward-gated
versions of these tokens were then made by deleting suc-
cessive 5 ms portions from the onset of closure for the
second consonant. A whole-word version of each token
was also used; this token included the entire CVC word
through the closure and release of the final consonant.
To avoid artifactual clicks, all token onsets and offsets
were ramped over the initial or final 3 ms, respectively,
using a cosine-squared function. Several pilot experi-
ments with adults were used to select the words for each
contrast (several /t/ versus /k/ and /p/ versus /k/ word
pairs were tested), the appropriate gates for each stimu-
lus pair, and the tokens for each type. For the final pilot

Table 1. Age, gender, and test scores for all age groups. Means are given for all measures (except gender),
with standard deviations in parentheses.

Age group

3- to 4-year-olds 5- to 6-year-olds 7- to 8-year-olds Adults

Sample size 44 38 23 22
Age in months 49 (6) 66 (5) 97 (6) 303 (42)
Gender 28 male 23 male 13 male 10 male
GFTA percentile rankinga 62 (25) 69 (23) 79 (19)
CMMS standard scorea,b 108 (10) 111 (13) 109 (10)
EVT standard score b 111 (9) 110 (13) 103 (7) 120 (11)
PPVT-III standard score b 113 (11) 114 (13) 114 (15) 119 (12)

aGFTA and CMMS are not normed for adults. bStandard scores have a mean of 100 and a standard deviation of
15.

Group characteristics
and test scores
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experiment, we created five gated versions of each of
the five tokens for the cap/cat contrast (–10 ms, –20 ms,
–30 ms, –40 ms, –60 ms) and five gated versions of each
of the five tokens for the tap/tack contrast (–20 ms,
–30 ms, –40 ms, –50 ms, –60 ms).

Fourteen adult listeners with no reported history of
speech, language, or hearing problems participated in a
two-alternative forced-choice discrimination task in
which a single stimulus word was presented, and they
were asked to choose one of the two words for each con-
trast. Stimuli were presented in a block, with half of the
adults receiving the cap/cat contrast first and half of
the adults receiving the tap/tack contrast first. We then
chose two gates for each contrast (in addition to the
whole-word versions) to provide a range of discrimina-
tion results. The mean d-primes for the two contrasts
and the three conditions chosen for each contrast are
given in Table 2. For each stimulus type, the four to-
kens with the highest percent correct scores were cho-
sen for the experimental tokens, and the remaining to-
ken was used for the training trials. The type and
amount of acoustic information eliminated during the
gating is illustrated in Figure 1, which shows spectro-
grams of both a whole-word exemplar and a –30 ms gated
exemplar of tack. As can be seen, the gating eliminates
the final consonant burst, all information about the fi-
nal consonant closure (including its duration), and a
portion of the VC formant transitions.

Procedure
All children were tested in a quiet room, either at

their school, after-school program, clinic, home, or the
Ohio State University Speech-Language-Hearing Clinic.
On each trial, a single token was presented by computer
over headphones. Two experimenters were present dur-
ing this task; one of the two experimenters also wore
headphones to make sure that there were no problems
in stimulus presentation.

For each contrast, two pictures were presented in 7
cm by 10 cm boxes in the middle of the computer screen,
representing either cap and cat or tap and tack.  After
the child had selected the response (by pointing to one of
the two pictures), the experimenter (who was not wear-
ing headphones) entered the child’s choice by clicking

either the left or the right mouse button. The correct
response then lit up in green. Further reinforcement
came from the background view following each response.
After the correct response lit up, the two pictures disap-
peared and the child saw a background view, which be-
gan as a blank screen and ended as a completed jigsaw
puzzle image, chosen by the child (choices included im-
ages from popular movies and TV shows of interest to
young children). After each response, one piece of the
jigsaw puzzle was added. Thus, the puzzle gave visual
reinforcement on each trial and cued the child to the
number of remaining trials. After the puzzle picture
appeared, the experimenter said, “Here’s the next one”
(to make sure the child was attending) and clicked the
mouse to present the next stimulus item

For each of the two contrasts, there were 48 stimuli
(2 types × 4 tokens × 2 repetitions × 3 gates), which were
presented in two blocks of 24 tokens. Ten different ran-
domizations were created for these 24-token blocks, and
each child received two of these randomized blocks for
each contrast. The children completed the two blocks
for a single contrast consecutively, with a small break
in between the blocks. The two contrasts were presented
on separate days, within a period of several weeks.

Pre-experiment training consisted of two phases:
picture-name identification training and training of the
discrimination task. For picture-name identification
training, the two pictures were named for the child and
then the child was asked “What is this?” and asked to
name both pictures. If the child did not answer sponta-
neously, then the pictures were named again and the
child was asked to repeat the picture names. Because
some of the children had difficulty with naming the pic-
tures of tap and tack, we did not continue with this task
until the child had named both of these pictures cor-
rectly two times in a row. None of the children had diffi-
culty naming the pictures of cap and cat. For task train-
ing, a training trial block of 8 stimulus items was
administered before the two experimental blocks. The
child was instructed that the computer was going to say
the names of the pictures and that she should point to
the picture that the computer named. A whole-word ver-
sion of each of the picture-names was then presented
over the headphones and the child pointed to a picture.
The experimenter entered the child’s response (by click-
ing the left or right mouse button) and then the correct
item lit up. After the two whole-word versions of the
two words were presented, the child was instructed that
“the computer is still going to say the words, but some-
times part of the word will be cut off and I still want you
to tell me whether you hear cap or cat (or tap or tack).”
The third training trial presented a token that included
the whole word up to the consonant closure; the fourth
and fifth training items presented both words at –20 ms
for cap/cat or at –30 ms for tap/tack; the sixth item

Table 2. D-primes for adult discrimination pilot experiment.

Word pairs and conditions

cap/cat contrast tap/tack contrast

2.95 (whole word condition) 3.22 (whole word condition)
2.42 (–20 ms) 1.45 (–30 ms)
1.37 (–40 ms) 0.45 (–60 ms)
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Figure 1. Spectrograms of a whole-whole exemplar (top) and a –30 ms gated exemplar (bottom)of tack.

presented one word at –40 ms for cap/cat or at –60 ms
for tap/tack; and then the seventh and eighth items
presented both of the words in the whole-word condi-
tion again. The two experimental blocks immediately
followed the training trials. Before each experimental
block, the child was reinstructed as follows: “I want you
to listen really hard and point to which word you hear.
Remember sometimes part of the word will be cut off.”

Analysis
The computer program automatically scored each

child’s responses. Signal detection analysis (Macmillan
& Creelman, 1991) was used to calculate d-prime, a
measure of response sensitivity for each child for each
condition. D-prime is a measure of how much the sub-
ject is responding based on the stimulus (e.g., pointing
to cat when she hears cat and pointing to cap when she
hears cap) versus using a response strategy that does
not mirror the stimulus differences (e.g., simply point-
ing to a picture without regard to the stimulus). A d-
prime of 0.0 indicates that the subject is performing com-
pletely at chance (such as, for example, when both hit
and false alarm rates are .5). A d-prime of 1.0 means that

the subject’s sensitivity (his ability to discriminate be-
tween cap and cat) is one standard deviation above chance
level. This level of one standard deviation above chance
level is often used as evidence for detection by the lis-
tener in psychoacoustic experiments (e.g., Green & Swets,
1966). The d-prime values were used as the dependent
variables in all subsequent statistical analyses.

Results
Shown in Figures 2 and 3 are the mean d-prime

values for the four age groups for the contrasts tap/tack
and cap/cat, respectively. The data were combined
across the two contrasts and analyzed using a three-
way ANOVA with contrast (tap/tack and cap/cat) and
gating condition (whole-word and gated) as the within-
subject factors and age group (3- to 4-year-olds, 5- to 6-
year-olds, 7- to 8-year-olds, and adults) as the between-
subjects factor. Data from the more extreme gate for each
condition (the 40 and 60 ms gates) were excluded from
this analysis because mean performance, measured in
d-prime, was less than 1.0, indicating relatively poor
sensitivity to the tap/tack contrast at this gate for the
two youngest age groups. In general, these more extreme
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gates provided less acoustic information and lowered
scores across all groups, especially for the younger sub-
jects. A separate analysis of the 40- and 60-ms gates
showed no significant difference among the three young-
est groups [F(2, 102) = 2.58, p > .08].

Results from the three-way ANOVA showed signifi-
cant main effects of contrast [F(1, 123) = 8.65, p < .004,
η2 = 0.066], gating condition [F(1, 123) = 181.4, p < .001,
η2 = 0.596], and age group [F(3, 123) = 42.26, p < .001, η2

= 0.508]. Post hoc analysis (Scheffé) of the age group
effect indicated that of all possible paired comparisons,
only the difference between the 5- to 6-year-olds and
the 7- to 8-year-olds was not significant at the .05 level
or beyond.

Two of the interaction effects were significant. There
was a significant contrast by age group interaction [F(3,
123) = 2.736, p < .05, η2 = 0.63]. As shown in Figure 4,
the mean d-prime for the youngest group was signifi-
cantly smaller for the tap/tack contrast than for the cap/
cat contrast—a larger decrease than for the other young
subjects. The trend was in the opposite direction for the
adults.

There was also a significant gating-condition-by-age-
group interaction [F(3, 123) = 8.31, p < .001, η2 = 0.168].
As shown in Figure 5, in the whole-word condition, the
data from the 5- to 6-year-olds and 7- to 8-year-olds were
similar to those of the adult subjects. However, this was
not true in the gated condition, where there was a more
apparent graded difference in mean d-primes as a func-
tion of age group.

Summary and Discussion
In this first experiment, younger children needed

more acoustic information to accurately discriminate
between two similar-sounding words that differed only
in the identity of the final consonant. These results are
similar to those of earlier research showing that younger
children needed longer gates than older children and
adults in open-set word identification tasks (Elliott et
al., 1987; Walley, 1988). In the ungated condition, the
performance of the two older groups of children was simi-
lar to that of the adults, but in the gated condition there
were significant differences in performance across all
age groups. This result suggests that even over this rela-
tively narrow age range studied (3 to 8 years old), there
is a gradual improvement in word discrimination under
difficult listening conditions.

Figure 2. Mean d-primes (with standard errors) for Experiment 1
by age group and gating condition for the contrast tap/tack.

Figure 3. Mean d-primes (with standard errors) for Experiment 1
by age group and gating condition for the contrast cap/cat.

Figure 4. Mean d-primes (with standard errors) for Experiment 1
by contrast and age group.
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Experiment 2

Method
Participants and Procedure

The participants were 35 children with phonologi-
cal disorders (PD) and 35 children with typical phono-
logical development (TD). All children were participat-
ing in a larger study on phonological knowledge deficits,
and the 35 children with typical phonological develop-
ment were a subset of the children whose results were
described in Experiment 1, above. All of the children with
phonological disorders met the same criteria as the typi-
cally developing children, as described in the first experi-
ment, with the one difference being that all children with
phonological disorders scored at or below the 10th per-
centile on the Goldman-Fristoe Test of Articulation
(GFTA; Goldman & Fristoe, 1986). Two children with
phonological disorders had standard scores below 85 on
the KSPT but were still included in the project because
their low scores were not related to problems with neuro-
motor control. (One child received a 78, with errors re-
lated to a minor structural deviation [a short lingual fre-
num], and the other child received an 81, with errors
related to his refusal to touch his tongue to his lips be-
cause of severely chapped lips.) Two children with pho-
nological disorders also had standard scores below 85 on
one (but not both) of the vocabulary measures. Typically
developing children were individually matched to the
children with phonological disorders on the basis of age
(within 6 months), gender, and nonverbal IQ score on
the CMMS (within two standard error of measurement

or 10 points). Table 3 gives descriptive information for
both groups of participants. The children with phono-
logical disorders had significantly lower GFTA, PPVT-
III, and EVT standard scores than their typically devel-
oping age peers. It should be noted, however, that
differences in vocabulary scores were much smaller than
the differences in percentile ranking on the GFTA. The
procedure was the same as in the first experiment.

Results
Shown in Figures 6 and 7 are the mean d-prime val-

ues for the two groups of children (TD and PD) for the
contrasts tap/tack and cap/cat, respectively. As in Ex-
periment 1, the data were combined across the two con-
trasts and analyzed using a three-way ANOVA, with con-
trast (tap/tack and cap/cat) and gating condition
(whole-word and gated) as the within-subject factors and
group (TD and PD) as the between-subjects factor. Data
from the more extreme gate for each condition (the 40
and 60 ms gates) were again excluded from the analysis.

The ANOVA revealed significant main effects of con-
dition [F(1, 68) = 94.0, p < .001, η2 = 0.58], contrast [F(1,
68) = 9.53, p < .003, η2 = 0.123], and group [F(1, 68) =
5.52, p < .03, η2 = 0.639]. None of the interaction effects
were significant.

We were also interested in whether a specific error
pattern was related to performance on the speech per-
ception tasks. To address this question, we identified
all children with phonological disorders who had con-
sistently omitted final consonants on the GFTA. There
were a total of 9 children in this category. We then com-
pared these children to another group of 9 children with

Figure 5. Mean d-primes (with standard errors) for Experiment 1
by gating condition and age group.

Table 3. Age, gender, and test scores for both participant groups.
Means are given for all measures (except gender) with standard
deviations in parentheses.

Participant groups

Children with PDa  Children with TDb

Sample size 35 35
Age in months 56 (9) 56 (10)
Gender 24 male 24 male
GFTA percentile rankingc, d 4 (3) 68 (20)*
CMMS standard score e 106 (10) 108 (8)
EVT standard score d, e 105 (13) 111 (10)*
PPVT-III standard score d, e 106 (12) 114 (11)*

aPD is phonological disorder. bTD is typical phonological development.
cGFTA percentile rankings below the first percentile were assumed to be
.5 for purposes of computing mean and standard deviation. d * indicates
that scores were significantly different between the two groups, p <
.05. e Standard scores have a mean of 100 and a standard deviation
of 15.

Group characteristics
and test scores
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phonological disorders who did not omit final consonants
but had a similar percentile ranking on the GFTA (M =
1.3, SD = 1.8 for children with final consonant deletion;
M = 2.5, SD = 1.7 for children with phonological disor-
ders without final consonant deletion) and were of simi-
lar age (M = 57 months, SD = 11 for children with final
consonant deletion; M = 56 months, SD = 9 for children
with phonological disorders without final consonant
deletion). Means and standard deviations for both groups
in all conditions are given in Table 4.

These data were analyzed using a three-way ANOVA,
with contrast (tap/tack and cap/cat) and gating condi-
tion (whole-word and gated) as the within-subject fac-
tors and group (PD with final consonant deletion and
PD without final consonant deletion) as the between-
subjects factor. Data from the most extreme gate was
again eliminated from the analysis. There was a signifi-
cant main effect of gating condition [F(1, 16) = 27.7, p <

.001, η2 = 0.634] but not of contrast [F(1, 16) = 1.7, p >

.21] or group [F(1, 16) = 0.31, p > .5]. None of the inter-
action effects were significant.

Summary and Discussion
Children with phonological disorders performed

more poorly than typically developing children matched
for age, gender, and nonverbal IQ on a speech percep-
tion task that required children to discriminate between
CVC words that differed only in the identity of the final
consonant. Performance was not related to error pat-
tern: Children with final consonant deletion did not per-
form significantly more poorly on the speech-perception
task than other children with phonological disorders of
a similar severity level and age who did not have final
consonant deletion. These results are similar to results
of a previous study (Edwards et al., 1999a), in which a

Figure 6. Mean d-primes (with standard errors) for Experiment 2 by
group (typically developing children and children with phonological
disorders) and gating condition for the contrast tap/tack.

Figure 7. Mean d-primes (with standard errors) for Experiment 2 by
group (typically developing children and children with phonological
disorders) and gating condition for the contrast cap/cat.

Table 4. D-prime values for children with phonological disorders with and without final consonant deletion for all conditions (standard
deviations in parentheses).

Conditions

cap versus cat tap versus tack

           Groups whole word –20 ms –40 ms whole word –30 ms –60 ms

Children with PD with
final consonant deletiona 2.24 (1.05) 1.05 (1.05) 1.18 (0.96) 1.34 (1.04) 0.72 (0.80) 0.48 (0.86)

Children with PD without
final consonant deletiona 1.84 (0.84) 1.18 (0.78) 0.92 (0.83) 2.00 (0.90) 1.05 (1.01) 0.49 (0.44)

aPD is phonological disorder.
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smaller group of children with phonological disorders
performed more poorly than their typically developing
peers on a word-identification task with gated and
nongated stimuli.

General Discussion
Children with phonological disorders were less able

than their typically developing age peers to discrimi-
nate between CVC words that differed only in the iden-
tity of the final consonant. Young children with typical
phonological development also performed more poorly
on this task, relative to older children and adults. The
limitations of this study should be noted. Only a small
number of stimuli were studied, and only a small num-
ber of conditions were used. Nevertheless, the study has
a number of strengths, including the relatively large
number of subjects and the fact that there were four
tokens of each stimulus item in each condition, so that
we can be fairly sure that effects were not related to the
anomalous nature of a single token of a particular type.
Furthermore, differences between groups could not be
attributed to task demands, as they were very low (sim-
ply pointing to a picture), nor could these differences be
attributed to the use of synthetic speech because the
stimuli were digitized natural speech. Group differences
also could not be attributed to a particular error pat-
tern, because children with final consonant deletion did
not perform more poorly than children without final con-
sonant deletion.

Children with phonological disorders were less able
than their typically developing age peers to discrimi-
nate final consonants in CVC words even in the whole-
word condition when the final consonant had been re-
leased and no acoustic information had been deleted.
The youngest group of typically developing children also
differed from older children and adults for this condi-
tion. What factors might cause this difficulty? First, it
is the case that digitized speech provides less redun-
dant information than live speech. Given our digitizing
rate of 20,000 kHz, no information was available above
10 kHz. Probably more important is the fact that visual
information is absent. Children with phonological dis-
orders and younger typically developing children may
be more reliant on redundant cues, such as the combi-
nation of visual and auditory information. Second, the
task itself was difficult. The children were asked to dis-
criminate between two very similar words, either cap
versus cat or tap versus tack. The task itself called at-
tention to the similarities between the two words. It
might have been more difficult for the child to distin-
guish between two CVC words differing only in the iden-
tify of the final consonant in a discrimination task than
it would be for the child to identify the same two words

in an open-set identification task. However, because
some of the participants in the study had phonological
disorders, we couldn’t use an open-set identification task
because we couldn’t rely on spoken responses. Never-
theless, the fact that children with phonological disor-
ders had significantly more difficulty than their typi-
cally developing age peers is of interest. Like the work
of Forrest et al. (1995), it suggests that at least some
children with phonological disorders have generalized
difficulties with speech perception.

In this experiment, as in our previous one (Edwards
et al., 1999a), we observed a wide range of performance,
especially for the children with phonological disorders
and for the youngest group of typically developing chil-
dren. Because we had a larger number of subjects in
this study, we were able to systematically examine what
factors influenced performance. We performed a regres-
sion analysis to determine whether this variability was
systematically related to such factors as age, vocabu-
lary size, or articulatory accuracy. We combined the data
across the two experiments for this analysis rather than
completing two separate analyses. This was done so that
results would not be influenced by differences in range
in one experiment as compared to the other. (For ex-
ample, range was greater for age in Experiment 1 and
greater for GFTA raw score in Experiment 2.) The de-
pendent variable was the d-prime value averaged across
the two whole-word conditions for all child participants.
This variable was chosen because all groups demon-
strated moderate-to-strong sensitivity to the stimulus
differences (i.e., d-prime values well above 1.0) in the
whole-word conditions; this meant that few children
were performing at chance level. We averaged across
the two contrasts so that discrimination of final /p/ ver-
sus both /t/ and /k/ would be included in the measure.
The independent variables were age, raw scores on the
PPVT-III and EVT (as measures of vocabulary size), and
GFTA raw score (as a measure of articulatory accuracy).
Raw score on the PPVT-III and EVT is the number of
correct responses, whereas raw score on the GFTA is
the number of errors. A stepwise multiple regression was
performed. The R2 was .392, and there were two signifi-
cant predictors: PPVT-III raw score, which accounted
for 31% of the variance, and GFTA raw score, which ac-
counted for an additional 8.2% of the variance.

Interestingly, age was not a significant predictor in
the model, in spite of the wide range of ages tested (39
to 106 months). Receptive vocabulary size was the stron-
gest predictor in this model. That is, the children with
the larger receptive vocabularies (regardless of age)
tended to perform more accurately on the speech-per-
ception task. This result is in keeping with previous re-
ports in the literature of a relationship between vocabu-
lary size and speech perception (e.g., Edwards et al.,
1999b; Munson, 2001; Werker et al., 2000). This finding
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supports the proposal of Werker et al. (2000) and
Beckman and Edwards (2000) that the best word-learn-
ers are those children who pay attention to fine pho-
netic detail. However, as Werker et al. (2000) point out,
the directionality of this relationship is not clear. It might
be that children with larger vocabularies are the best
word learners because they are able to pay attention to
fine phonetic detail. Alternatively, it might be that hav-
ing a large vocabulary results in an attention to fine
phonetic detail.

Articulatory accuracy, as measured by GFTA raw
score, was also a small but significant predictor to the
model, accounting for 8% of the variance. The children
who produced more sounds correctly in more word posi-
tions had better word-discrimination scores. This find-
ing suggests that there is a close relationship between
the goodness of the articulatory-acoustic representation
and the goodness of the acoustic-auditory relationship,
over and above the relationship of each of these to vo-
cabulary size. The directionality of this relationship is
unclear; it might be that better speech-perception skills
help children to learn to produce particular sounds. Con-
versely, it might be that being able to produce particu-
lar sounds results in better speech-perception skills.
Most likely, the relationship between the acquisition of
the mapping between the acoustic and the auditory rep-
resentations and of the mapping between the motor and
the acoustic representations is symbiotic, with each
building on the other.
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