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Individuals with DS often have less 
intelligible speech and efforts have 
been made to discover the acoustic 
and articulatory correlates of the 
intelligibility reduction (Kent & 
Vorperian 2013).   

An articulatory and acoustic working 
space of the tongue during vowel 
production is defined by an analysis of 
the four extreme vowels, as in the 
words ‘heat’, ‘hoot’, ‘hat’, and ‘hot’.  
These vowels have, respectively, high-
front, high-back, low-front, and low-
back tongue positions (see Figure 2).   
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OBJECTIVE:   
To better understand the phonetic basis of reduced intelligibility in Down 
syndrome by measuring error rates in listeners’ perception of words, 
consonants, and vowels produced by speakers with Down syndrome.  

METHODS: 
 Participants:  Word recordings were obtained from 53 speakers with 

Down syndrome between ages 4 and 36 years (some speakers had multiple 
recordings at different ages) and from TD children ages 4 and 5 years.  
Then 25 adult listeners, ages 19 years and older, heard and transcribed 
recordings from multiple speakers with DS and 10 adult listeners did the 
same for the TD children’s recordings.  Each speaker was heard and 
transcribed by five different listeners. 

 Stimuli:  The 22 words were randomly presented aurally and 
pictorially using an in house software program and the speakers repeated 
them.  These words included the four extreme vowels identified earlier, and 
each vowel appeared in 5-7 words.  During listening sessions, the 
presentation order of both speakers and words produced by the speakers 
were randomized. 

 Procedure:  At the beginning of the first session, listeners passed a 
hearing screening and were briefly shown the list of words the speakers 
produced.  Then, a computer program played each word once through 
headphones and the listeners were instructed to type what they heard and 
not what they thought the speaker was attempting to say.    
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  DATA ANALYSIS: 

Figure 1. Photo of a young girl 
with Down syndrome* 

RESULTS - WORDS: 

 Figures 5 & 6 show the percentages of initial and final consonants perceived correctly. 

• Note the developmental trend in which accuracy increases with age for both male and female speakers. 
• Findings reveal persistent difficulties with consonant production.   Although the initial and final consonants 
of TD children ages 4 and 5 are 80-100% intelligible, more than half of the consonants produced by 
speakers with DS are less than 80% intelligible. 

  

Findings revealed that: 
•  Listeners correctly identified the high vowels of DS speakers about 60% of the time and TD 4-5 year old 

speakers 80-100% of the time. See figures 7 & 8. 
•  However, listeners correctly identified the low vowels /a/ and /ae/ of DS speakers only about 30% of the time or 

more. See Figures 9 & 10. The majority of speakers with DS were less intelligible than TD 4 and 5 year olds. 
•  Findings also show a developmental trend. Percent correct identification  of low vowels (/a/ and /ae/) and high 

vowels (/i/ and /u/), improves as age increases. 

Figure 2. Vowel quadrilateral overlaid on a 
mid-sagittal MRI view of the oral cavity. 

Figure 3. Average vowel 
space areas (VSA) of TD 
(darker color shades) and DS 
(lighter color shades) male (blue 
shades) and female (red/pink 
shades) speakers divided into 
four age groups: Group I ages 
4 to 9 years; II= 10 to 14 
years; III= 15 to 19 years; and 
IV= 20-40 years *.  

Figure 4. Percent  words 
adults listeners heard/ 
transcribed correctly for  
male DS speakers (blue), 
female DS speakers (red) 
and TD speakers ages 4-5 
years (shaded gray). 

Figure 6. Percent final consonants perceived correctly for 
male and female DS speakers, and 4-5 year old TD speakers 
(shaded box). 

Figure 5. Percent initial consonants perceived correctly for 
male and female DS speakers, and 4-5 year old TD speakers 
(shaded box). 

Figure 8 

Figure 10 

Figure 7 

•  All five listeners’ responses were consolidated into one spreadsheet per 
speaker. 

•  For each target word, analysis spreadsheets included: 
o  Listeners’ transcription . 
o  Listeners’ percentages of initial consonants, final consonants, and 

vowels  correct. 
•  Responses were organized by production. 

o All listeners’ responses to each word were grouped together. 
§ Average initial consonants, final consonants, and vowels correct were 

calculated. 
o Words containing  the same vowel were grouped together. 

§ Average words, initial consonants, final consonants, and vowels 
correct were calculated. 

o  For a summary of all listeners’ responses per speaker, average words, 
initial consonants, final consonants, and vowels correct were calculated. 

CONCLUSIONS:    
The intelligibility data reveal that the speakers with DS had: 
v Generally reduced intelligibility of words, vowels, and consonants, often persisting 
into adolescence and beyond. 
v An overall pattern of improved intelligibility with age, but considerable individual 
variability. 
v Lower percentages correct identification for the low vowels /a/ and /ae/ than for 
the high vowels /i/ and /u/. 
v Similar percentages correct identification for initial and final consonants, with 
errors persisting into adulthood for some individuals. 

DISCUSSION/IMPLICATIONS: 

v These data confirm that individuals with DS often have serious and persistent 
problems with speech intelligibility. Both vowel and consonant errors contribute to 
reduced intelligibility. 
v The low vowels /a/ and /ae/ present special difficulties for speakers with DS, 
perhaps because of the tongue-jaw coordination needed for precise production and 
because these vowels afford little in the way of tactile feedback between the tongue 
and the maxilla. 
v Acoustic and perceptual studies converge for an improved understanding of 
speech difficulties in DS. 
v Understanding the basis of the speech intelligibility problems in DS may lead to 
improved interventions that will enhance quality of life. 

BACKGROUND:   
What is Down syndrome? 
Approximately 1 in 800 infants are born with 
Down syndrome (DS), making it the most 
common genetic disorder.  It’s caused by an 
extra copy of chromosome 21 and is one of 
the major causes of intellectual disability. 

Recent work from this laboratory compared the vowel acoustic spaces of 
speakers with DS and those of typically developing (TD) individuals (see 
Figure 3).  Results showed that younger speakers with DS have smaller 
vowel acoustic spaces than younger TD individuals and also have reduced 
contrast between the front and back vowels.   
Our hypothesis is that this reduced acoustic contrast will be evident in 
vowel perception errors, and that there also will be consonant perception 
errors that contribute to reduced intelligibility. 

* Figure 1 photo from: http://www.redorbit.com/news/health/1112939974/down-syndrome-like-learning-reversed-mice-090513/ 

* Figure 3 from: http://www.waisman.wisc.edu/vocal/MSC-2014-Feb-27-Vorperian-Kent-TD-DS-Vowels-Poster-v13-FINAL.pdf 

General findings are 
displayed in Figure 4.  

•  Percentages of words correctly identified show a developmental trend 
where percentage correct increases as speaker age increases. 

•  The overall trend is similar for males and females, and the majority of 
speakers with DS were less intelligible than TD children ages 4 and 5 
years. 

•  Additional analyses to determine if word errors were due to consonant or 
vowel errors are summarized in Figures 5 to 10.  Figures 5 & 6 show 
findings for initial and final consonants and figures 7 to 10 show findings for 
the four extreme vowels. 

RESULTS - CONSONANTS: 

RESULTS - VOWELS: 
Figures 7 & 8  display percent high vowels /i/ and /u/ listeners identified correctly for DS and TD speakers. 

TD, ages 4-5 

DS Males 
DS Females 

Figures 9 & 10 display percent low vowels /a/ and /ae/ listeners identified correctly for DS and TD speakers. 

Figure 9 


