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ABSTRACT 

 

A common indicator of speech production 

disorders in children is a reduced ability to 

articulate complex syllables. Clinical studies of 

syllabic complexity of child speech have 

traditionally relied on phonetic transcription by 

trained listeners to characterize deviations in 

phonotatic structure. The labor-intensive nature 

of transcribing, segmenting, labeling, and hand-

counting syllables has limited clinical analysis 

of large samples o f  continuous speech. In this 

paper, we discuss the use of a computer-assisted 

method, Automatic Syllabic Cluster Analysis, 

for broad transcription, segmentation, and 

counting syllabic units as a means for fast 

analysis of differences in speech precision when 

comparing children with and without speech-

related disorders.   Findings show that the 

number of syllabic clusters per utterance is 

a significant indicator of speech disorder. 

 

Keywords: continuous speech, automated 

analysis, syllables, chi ld speech 

  

1. INTRODUCTION 

 
In the course of development, children become 

more and more facile at voluntary coordination 

of the motoric movements necessary for 

utterance of complex syllables [14,15,35]. The 

mastery of complex syllables has been shown to 

be a powerful predictor of later communication 

skills [10,23,25]. Children with delayed speech 

acquisition do not show this same developmental 

trend and deviations in syllable acquisition may 

serve as diagnostic marker of future speech 

delay [7,8,20] 

 

Historically researchers have been challenged to 

find ways to quantify maturation of speech 

production in young children, particularly in 

continuous speech [18,30]. Conventional 

approaches have typically involved careful 

transcription of child speech by researchers 

with specialized training. The time and labor 

intensive nature of such studies has necessarily 

limited the number and comprehensiveness of 

research  studies  [9,24].  This  is a particular 

problem in studies of children with speech 

disorders that affect intelligibility [9].  

Further, the acknowledged best way to 

characterize child speech is from longer, 

spontaneous productions, but the need for 

transcription and analysis of this large  volume  

of  data typically limits standardized testing to 

shorter, more controlled utterances [20,25]. To 

address this limitation, researchers have turned 

to automatized methods to quantify patterns in 

child vocalizations [6,17,24,33,35,36].  

 

Automated approaches using acoustic features 

have been used in a number of studies [1-5, 

24, 32, 35]. Another common approach is to 

employ ASR (automatic speech recognition) as 

an alternative to hand transcription [6, 36, 37]. 

ASR however, requires training of a large 

database of words and has been challenged by 

child speech [26].  In the case of very young 

children and children with speech impairments 

that affect intelligibility, although speech may 

be perceptually difficult to understand by 

humans, phonotatic patterns are still able to be 

detected [9-10].   

 

To characterize difference in syllable 

complexity in children with and without speech 

disorders, we utilize an automated approach that 

is designed to detect syllabic units without 

reliance on word identification. The 

SpeechMark® landmark analysis system 

segments syllables using acoustic landmarks.   

Acoustic landmarks do not depend on the 

intelligibility of phonemes to characterize 

speech but focus on detecting change in 

acoustic patterns based on articulatory 

movements in the vocal tract and articulatory 

timing [2,3] These acoustic events that occur 

based on changes of the articulatory shape of 

the oral cavity are called landmarks. Unlike 

approaches based on ASR, this method does 

not depend on identification of specific words 

or speech sounds in the signal. Instead, the 

pattern of landmarks provides a method for 
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predict disordered group status. Mixed models 

are useful for analyzing multiple observations 

within subjects, providing flexibility in 

modeling expected values, as well as between-

subject differences simultaneously [11]. The 

mixed-effect and standard models yielded 

equivalent results.  

 
Table 1: Logistic regression model fits for 

landmarks per syllable (top row) and syllable 

clusters per utterance (bottom row). Slope 

estimates (first column), standard errors (second 

column), z values (third column), and p values 

(fourth column). 

 

 Estimate SE z value Pr(>|z|) 

LM/SC 0.01 0.05 0.17      0.85 

SC/Utts -0.21 0.031 -6.85 <.001 

 

The slope estimate and standard error for LM/SC 

indicates that LM/SC is a very poor predictor of 

disordered group status. On the other hand, the 

slope estimate and standard error for SC/Utts 

indicates that SC/Utts is a useful predictor of 

disordered group status. The slope estimate of -

0.21 indicates that for each unit increase in one 

SC/Utts, the probability of being in the TD 

group decreases by approximately 0.05. 

Figure 2. Landmarks per syllable cluster 

(LM/SC) and disordered group status. The x-

axis indicates group status (TD = Typically 

Developing; D = Disordered), and the y-axis 

indicates LM/SC. The boxplots indicate the 

median (thick horizontal line) and 

interquartile region (lower and upper box 

limits), with the notch indicating an 

approximate 95% confidence interval for the 

median. The whiskers indicate 1.5 times the 

interquartile range, with dots indicating data 

outside this range. 

 

Figure 3. Syllable clusters per utterance 

(SC/Utts) and disordered group status. The x-

axis indicates group status (TD 

= Typically Developing; D = Disordered), and 

the y-axis indicates SC/Utts. The boxplots 

indicate the median (thick horizontal line) and 

interquartile region (lower and upper box 

limits), with the notch indicating an 

approximate 95% confidence interval for the 

median. The whiskers indicate 1.5 times the 

interquartile range, with dots indicating data 

outside this range. 

 

4. DISCUSSION 

In this study, we applied the Automatic Syllabic 

Cluster Analysis approach as a computerized 

method for analyzing continuous speech 

samples recorded by preschool aged children.  

Syllabic complexity was measured as a means 

of detecting differences between talkers who 

were identified to have typically developing 

speech production and those with speech 

production disorders. Syllabic clusters per 

utterance was found to be a significant predictor 

of  disordered speech in running speech 

samples. One of the challenges in measuring the 

speech of older children with speech disorders is 

that errors may overlap with typical 

developmental speech errors in younger 

children.   

5. CONCLUSIONS 

Automated Syllabic Cluster detection is 

useful for detecting differences in speech 

production utilizing a landmark-based 

technology. This approach could serve 1) as a 

computer-assisted approach to measuring 

syllable complexity when analyzing speech 

spoken by preschool-age children and 

particularly those with decreased intelligibility 

due to speech disorders and, 2) a means for early 

identification of children who are developing on 

abnormal trajectories using continuous speech 

samples.  
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