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Abstract 
This paper describes preliminary results from an ongoing 
study designed to characterize acoustic-phonetic traits in 
children with speech delay (SD) of unknown origin. Here we 
present data on 13 SD children and their siblings (26 children 
in all) from two speech perception tasks: a two-alternative 
forced choice categorical perception (ID) task, and an error 
monitoring (EM) task. In the ID task, minimally differing 
words (e.g., cage – gauge) were used to create 9-step 
synthetic continua. For the EM task, children heard both 
correctly and incorrectly articulated words and indicated 
whether the word was correct or not. Some word tokens in 
this task were produced by the SD children identified as 
probands in this study. On both tasks, SD children performed 
more poorly than their non-SD siblings, showing more 
gradual slopes in their ID functions, and less accuracy in 
identifying correct versus error productions. 
Index Terms: speech perception, speech disorders, speech 
development, genetics. 

1. Introduction 
A number of studies over the past two decades or more have 
shown that children with speech production disorders such as 
articulation disorder, phonological disorder, specific language 
impairment, and even dyslexia perform more poorly than their 
typically developing (TD) peers on speech perception tasks[1-
6]. Work within the last several years has begun to tie at least 
some of these various classifications into a cluster of 
developmental delays that are apparently genetic in origin[7-
11]. Specifically, genetic linkage has been suggested for 
children with articulation delays to chromosomal regions 
associated with dyslexia.  

Of course most speech production errors such as 
producing a segment that sounds like [w] for [r] or [l], 
substituting [s] for [∫], or [f] for [θ], etc., are developmentally 
appropriate for very young children. However, children who 
carry one or more of those errors on to grade school age 
without apparent reasons such as missing teeth or craniofacial 
malformation are said to have SD. 

The perceptually obvious speech errors associated with 
SD typically resolve by the time a child reaches adolescence, 
but other speech and language deficits, notably dyslexia, may 
not.  It would be valuable to be able to identify children who 
are likely to be dyslexic before they start (and fail) to learn to 
read. However, it is unlikely that all children who present SD 
at a young age will turn out to be dyslexic. 

The current study is part of a larger project intended to 
identify patterns in the production and perception of children 
with SD that have strong linkage to chromosomal regions 
known to be associated with dyslexia and other language 
impairments. By identifying subgroups of SD children who 
do and do not have strong linkage to these chromosomal 

regions, it may be possible to develop acoustic and perceptual 
markers for disorders like dyslexia that will allow us to 
identify early on which children are most at risk. 

The present report describes two perception tasks that are 
part of the battery of tests used to characterize children with 
SD. It does not describe the larger project’s current methods 
for chromosomal linkage studies. 

2. Experiment I – Categorical Perception 

2.1. Methods 

2.1.1. Subjects 

The subjects were 13 children between 5 and 9 years of age 
(average age 6.9 years) identified as SD (probands) and their 
siblings in the same age range (average age 7.9 years). As is 
typical of children with SD, there was a strong gender bias 
toward males being affected: 11 of the thirteen probands were 
males while eight of the 13 siblings were female. Siblings of 
two probands in this group of subjects were also identified as 
SD, and consequently were treated as SD children for the 
purposes of the identification study. There were thus 15 SD 
children (average age 6.7 years) and 11 TD children (average 
age 8.3 years) for the identification task. 

2.1.2. Stimuli 

Four sets of nine-step continua were generated to assess 
phonetic boundaries on voicing (cage – gauge), place (sack – 
shack), and manner (bake – wake; rip – whip) contrasts. The 
words chosen to represent these contrasts were chosen to have 
similar frequencies of occurrence, be familiar to children at 
the lowest end of the subject age range, and to explore 
specific contrasts of interest in SD children. 

To generate the continua, a female speaker recorded 
several tokens of each word. These were then parameterized 
using pitch-synchronous LPC analyses and converted to 
residual plus line-spectral frequency parameters. Tokens of 
contrasting pairs of words were then selected based on 
similarity in their overall duration and intonation for 
interpolation of the seven intermediate steps of each 
continuum. The seven intermediate stimuli were interpolated 
from the endpoints to span the parameter space in equal linear 
steps. Because segments with paired words differed in 
duration as well as in spectral characteristics (compare the the 
/k/ in coat with the /g/ in goat), each token was segmented 
into regions corresponding to the phonetic segments. The 
interpolation program then linearly compressed or expanded 
segment durations as well as spectral parameters and 
associated residuals to form the intermediate steps of the 
continua. Finally, continua were synthesized from all 
interpolated tokens using residual excited LPC synthesis. 
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The resulting waveform continua were then screened by 
lab staff to select a single continuum of each type based on 
the perceived naturalness of the synthesized tokens and on 
having a phoneme boundary approximately in the middle of 
the continuum. For final screening, these selected continua 
were then presented for both identification and two-step 
discrimination to 20 undergraduate students at the University 
of Delaware. 

2.1.3. Procedure 

The experiment began with a practice session to familiarize 
children with the procedure. The practice did not use stimuli 
or contrasts that were part of the actual experiment. Children 
were seated next to the experimenter in a sound attenuated 
IAC chamber facing a 19” touch screen LCD display. The 
screen showed large buttons on which pictures depicting the 
stimulus words were shown. On each trial, the subject would 
hear one token from the continuum and was allowed to either 
use the mouse, or touch the screen to select the button 
corresponding to the word they heard.  All stimuli were 
presented and responses collected using Alvin software [12]. 

After completing the practice trials, children listened to 
and identified stimuli in all four continua. The order of 
stimulus presentation was random within each continuum and 
the order in which continua were presented was also random 
across children. If possible, children completed two continua 
(72 trials – eight repetitions of each token), took a short break, 
and then completed the second two continua. For some 
children, more frequent breaks were necessary. 
 
 

 

2.2. Results 

Identification functions are plotted as the percentage of 
responses for one endpoint word for each of the four continua 
in Figures 1 to 4.  Error bars in this figure represent plus and 
minus one standard error. As these figures show, SD children 
on average have more gradual phoneme boundaries than their 
TD siblings.  There is also more variability among the SD 
children’s responses compared to the TD children. 

Another interesting feature of these figures is that the 
boundaries did not generally show large shifts for SD children 
compared to the boundary locations for TD children, but SD 
children showed considerably greater uncertainty in 
identifying all tokens. Thus, stimuli that appear to lie well 
within one category, including even end-point stimuli in some 
cases, are more frequently identified as belonging to the other 
category by SD children. 

 
 Figure 2. Percentage of responses identifying tokens in each task (Rip-Whip; Wake-Bake; Sack-Shack; Cage-Gauge). 

 

Figure 1. Interface of the Sack-Shack identification task. 
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Figure 3. Interface of the Error Monitoring task. 

Figure 4. Proportion of correct pronunciation identification for words 
produced by probands and by other children (error and correct). 

3. Experiment 2 – Error Monitoring 

3.1. Methods 

3.1.1. Subjects 

The subjects were the same as for Experiment I. 15 children 
were classified as SD and 11 were classified as TD. 

3.1.2. Stimuli 

The stimuli presented to each subject were 38 words recorded 
from children in the same age range as the subjects. Of these, 
16 were words verified to have been correctly produced, six 
were words selected because they represented common 
misarticulations for children in this age group, and 16 were 
words recorded by a proband in an earlier task that was also 
part of the present study. Lab staff screened each of the 16 
proband’s words to determine if they were produced 
correctly. Each proband’s recordings were presented only to 
the proband and his or her sibling. Thus, all children in the 
study heard the same 16 correct words and six error 
productions, and familial pairs of children heard an additional 
16 words recorded from the child identified as the proband. 
Even when both siblings were identified as SD, only the one 
child originally identified as the proband recorded words for 
this task. 

3.1.3. Procedure 

Subjects were seated in front of a touch screen monitor that 
displayed images and recorded responses for the task.  On 
each trial, the monitor displayed an image depicting the word 
to be presented and after a brief pause, the word was 
presented over headphones. Below the picture depicting the 
word were two buttons, one showed a “smiley face” with a 
check-mark and the other showed a “frowny face” with a 
large X mark. Children selected the smiley button if the word 
they heard (presented over headphones) sounded correct and 
the frowny button if the word sounded like it was 
mispronounced. 

Children were given a practice session to become familiar 
with the task. All children quickly learned the task and most 
seemed to enjoy it. 

The full set of 38 stimuli was presented twice to each 
child with an intervening task between the presentations. 

 
 

3.2. Results 

Table 1 shows responses (columns) to both correct and error 
stimuli (rows) separately for both SD and TD children. 
Overall, children correctly classified the error status of the 
stimulus items about 77.5 percent of the time, however, SD 
children did not perform this task as accurately as TD 
children. Children with SD classified 75.9 percent of the 
items correctly while TD children classified 79.7 percent of 
the words correctly. It is noteworthy that SD children were 
more likely than their TD siblings to classify a correctly 
produced token as an error. This type of response error 
occurred on almost 17% of the correct stimulus trials for SD 
children, but only about 7.7% of the time for TD children.  

Table 1. Confusion matrices for SD and TD children in the 
error monitoring task (total number.  

SD TD  
Correct Error Correct Error 

Correct 596 122 482 40 
Error 153 269 130 184 

 
Since probands were also presented with words they 

recorded, we were particularly interested in seeing how 
accurately they classified their own productions. Table 2 
shows the confusion matrix representing only responses of 
probands to their own recordings. 

Table 2. Confusion matrix for SD children classifying their 
own recordings of correctly and incorrectly articulated items 

 Correct Error 
Correct 197 41 
Error 105 137 

 
 As Table 2 illustrates, probands were especially 

inaccurate in identifying their own error productions, doing so 
correctly only 69.6 percent of the time. Moreover, SD 
children were less likely to classify one of their own error 
productions as an error than they were overall.  

 

 
 
 

4. Discussion 
Consistent with previous reports, SD children in the 

present study performed more poorly than their TD peers on 
both categorical perception tasks and an error-monitoring 
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task. Unlike many previous studies that have employed 
stylistic synthetic stimuli (e.g., [2, 4-6]), the four continua in 
the present study were carefully constructed to represent an 
interpolation of virtually all acoustic cues that might 
distinguish the end-point classes. That is, essentially all 
spectral and temporal cues were varied in parallel resulting in 
stimuli that were not notably artificial sounding. 

Possibly as a result of these stimuli, there was little 
tendency to observe phonemic boundary shifts between SD 
and TD children. Instead, boundaries tended to be closely 
aligned for both groups of children. However, SD children 
were generally more variable in their identification of words, 
even for words close to the end-points that were presumably 
well within a perceptual category. As a result of this, the 
identification functions for SD children evidenced more 
gradual slopes than those of TD children. 

The similarity of the category boundaries for SD and TD 
children may also suggest that phonological memory rather 
than a sensory/perceptual process is responsible for the 
differences between SD and TD children on the ID task. 
Overall, SD children are just somewhat less likely than TD 
children to retrieve the encoded stimulus correctly, resulting 
in a tendency to make more errors throughout the continuum, 
and not only on more ambiguous tokens near the category 
boundary. 

One cautionary note related to these data is due to the fact 
that the SD children were, as a group, about 1 year younger 
than their TD siblings [this might change when the mean ages 
are recalculated]. Others have reported a tendency for 
younger children to perform more poorly than older children 
on tasks similar to these. Consequently, we cannot rule out the 
possibility that at least some of the differences observed are 
due to age differences and not SD/TD status. Since subjects 
are still being recruited for this study, we may ultimately 
achieve a more age-matched division of subjects. If not, 
future analyses may subsample the total pool of subjects to 
artificially obtain SD and TD groups that are more closely 
age-matched.  

Turning to the error monitoring task, these results are 
again consistent with previously reported work. These 
preliminary results reveal one interesting pattern in that SD 
children appear to be both more likely than their TD siblings 
to classify tokens produced by other children as being errors 
and at the same time, less likely than their TD siblings to 
classify their own error productions as errors. This may 
suggest a tendency for SD children to mark phonetic 
distinctions in idiosyncratic ways that only they recognize. 

5. Conclusions 
In general, these are preliminary results based on a small 
subset of the total planned subject sample. However, they 
provide a pattern that is largely consistent with previous 
reports while extending previous work, particularly in terms 
of the stimuli used in the identification tasks. 
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