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Abstract: Introduction: Studies have highlighted the sensitivity of Formant centralization ratio (FCR) in the identification
of vowel centralization. Since children with Downs Syndrome (DS) are found to exhibit imprecise articulation, the present
study aimed at evaluating whether children with DS exhibit vowel centralization using FCR.

Method: The study included 30 children with Downs syndrome and 30 healthy age and gender matched controls in the
age range of 6-8 years. Materials consisted of 9 words with three vowels (/i/, /u/, and /a/) in the initial, medial, and the
final word positions respectively. First and second formant frequency values were extracted using PRAAT software. The
vowel-formant data (e.g., frequency of F1, F2 etc.) were separately averaged for each child and then the FCR was
constructed from these averages using the formula (F2u+F2a+F1i+F1u) / (F2i+F1a). Independent t-test was employed to
find out the significance of difference between the means of the two groups.

Results: The results of Independent t-test revealed significant difference between the mean FCR of both the groups at
t= 8.535, p < 0.00 indicating higher FCR values in children with Downs syndrome in comparison to typically developing
peers.

Conclusion: The results of the present study indicated that FCR obtained from both the groups vary significantly, thereby
indicating that the vowel production in children with Downs syndrome may be subjected to vowel centralization. The
present findings suggest the potential abilities of FCR metric in identifying vowel errors without characterizing the nature
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of vowel abnormalities and hence this metric should be used in the clinical population with caution.
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INTRODUCTION

Down syndrome (DS) is the most frequently
occurring genetic disorder [1]. Several studies have
documented the speech characteristics in children with
Down's syndrome, with the major emphasis on
consonant production [2-13]. However, very few
studies have documented the vowel characteristics in
children with Down’s syndrome [14,15]. These studies
on vowel characteristics have reported that vowel
errors were within the top six articulatory errors in
children with Down’s syndrome.

Conventionally, articulation tests have been used to
represent the articulatory abnormalities in the
production of vowels. However, Vowel space area
(VSA) has been objectively used to signify vowel errors
[16,17]. VSA is based on the formant frequencies of
different corner vowels and is reported to be extremely
reliable. Few studies have used the formant frequency
data to compare individuals with DS and normal
controls. One such study is by Moran who compared
adults with and without DS. Results revealed that there
were no significant differences in the formant
frequencies between the groups and there were no
indications of resonance differences [18]. Moura et al.
used the F2i/F2u ratio to compare voice of DS children
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with that of controls and found that the ratio could
differentiate the speech motor control abilities of
children with DS from that of controls™.

Bunton & Leddy evaluated acoustic vowel space
area and articulatory working space for two adults with
DS who had reduced speech intelligibility (mean= 56%)
based on single words. They collected data using a
real-time flesh-point tracking method using X-ray
microbeam. Their results showed smaller F1-F2
acoustic vowel space area for both speakers with DS
when compared to the controls. The study also
reported reduced articulatory working space area and
slower movement speed for three of the four tongue
points analysed. These tools have reported abnormal
vowel articulations but could not reliably indicate vowel
centralization. Also these tools have the disadvantage
of inter and intra speaker variability [19].

In this regard, Sapir et al. gave a metric known as
FCR, which has been designed to decrease the
sensitivity to inter and intra-speaker variability and
enhance sensitivity to vowel centralization [20]. Sapir,
Ramig, Spielman, and Fox compared the FCR values
of men, women and children from the formant data
given by Hillenbrand, Getty, Clark, & Wheeler [21], and
concluded the normal FCR value to be approximately
1.0 at least for speakers of American English.These
investigators have further verified the utility of FCR by
comparing healthy speakers to the speakers with the
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diagnosis of either Parkinson's disease, traumatic brain
injury or muscle tension dysphonia. The results
indicated greater sensitivity of the FCR to abnormal
vowel articulation than the VSA [22]. The presence of
vowel errors in children with Downs syndrome
represents the speech motor control deficits in this
population. These speech motor control deficits
pertaining to vowel errors are least investigated in the
literature. In the present study, the same was
investigated using a sensitive metric FCR. Since FCR
relates to the identification of vowel centralization,
speech motor control deficits pertaining to vowel
production can be identified. Hence, the present study
was planned in this direction.

Aim of the Study

To investigate the speech motor control abilities in
the production of vowels in children with Downs
syndrome using Formant Centralization Ratio.

METHOD

The study followed the case control design and was
approved by the Institutional review committee and
Institutional human research ethics committee at
Kasturba Medical College, Mangalore, India.

Participants

The study included 30 children with Downs
syndrome (16 males, 14 females) and 30 healthy age
and gender matched controls in the age range of 6-8
years. The diagnosis of Downs syndrome was made by
an experienced paediatrician based on the observable
physical symptoms. All the children with Downs
syndrome were verbal and their mean language age
was 3.0 years as assessed through Assessment of
Language Development (ALD) [23] by an experienced
speech language pathologists. The exclusion criteria
considered for the control group children were those
with the speech language and neurological disabilities.
Children with hearing impairment was excluded in both
the group of participants through Hearing screening at
25 dB HL for the frequencies of 500Hz, 1 KHz, 2 KHz,
and 4KHz. There were no dysfluencies observed in
both group of participants. All the participants in both
group were native speakers of Kannada language.
Informed consent was obtained from the parents of
children in both the groups.

Materials

Materials consisted of 9 bisyllabic words with three
vowels (/i/, /ul, and /a/) in the initial, medial, and the

final word positions respectively. These words were
selected on the basis of vocabulary familiar to all the
participants. These nine words were presented through
pictures and the participants were expected to repeat
the carrier phrase (idu ..... ) and name the picture. The
words used were amma, kannu, u:ta, ili, gini, topi, u:ta,
huli and ka:lu.

Instrumentation

Recording was done through a sensitive Peltor
microphone connected to the acer laptop in a quiet
room. Praat software (version 5.1.43) was used for the
recording and sampling frequency was set at 44100
Hz.

Procedure

Participants were seated on a comfortable chair.
They were instructed to identify the picture and name
using carrier phrase. Each phrase was repeated by the
participant 3 times. The recordings were obtained using
a head mounted condenser microphone positioned 10
cm from the lips connected to the laptop provided with
the PRAAT software for formant analysis. These
recordings were obtained within the home premises in
a relatively noise free environment.

Analysis

Regardless of the number of trials, all the targeted
vowels were extracted and F1 and F2 values were
measured. The vowel-formant data were separately
averaged for each child. The FCR was then
constructed from these averages using the formula
(F2u+F2a+F1li+F1lu) / (F2i+Fla). Independent t-test
was employed to find out the significance of difference
between the means of the two groups.

RESULTS

The present study investigated the speech motor
control abilities in children with Downs syndrome using
formant centralization ratio. Descriptive statistics was
employed to find out the mean and standard deviation
and the results are shown in Table 1.

Table 1: Mean and Standard Deviation of FCR in Clinical
& Control Group
Groups Mean Standard Deviation
Clinical group 1.5413 0.178
Control group 1.2037 0.123
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From the table, it is observed that FCR is higher in
children with Downs syndrome in comparison to normal
controls indicating the vowel abnormalities in children
with DS.

The results of Independent t-test also revealed
significant difference between the mean FCR of both
the groups at t= 8.535, p < 0.00 indicating significantly
higher FCR values in children with DS in comparison to
typically developing peers. These higher FCR values
suggest the deviated vowel production in children with
DS.

DISCUSSION

As children with Downs syndrome exhibit
articulation errors, there is a need to investigate
specific aspects of speech motor control in them. In the
present study, speech motor control required for vowel
production is targeted. In the past, vowel space area
and F2i/F2u ratio have been used as a tool in the
investigation of vowel abnormalities of children with
Downs syndrome. However, each of these metric had
limitations in terms of inter and intra subject variability.
Hence, Sapir et al. (2008) proposed a metric known as
the FCR, and reported this ratio to reduce sensitivity to
inter-speaker variability and enhance sensitivity to
vowel centralization [20]. Hence, the present study
used FCR to determine if vowel production in children
with Downs syndrome matched the controls. The
results of the present study revealed that there was a
significant difference between the means of both the
groups indicating that the vowels produced by children
with Downs syndrome were deviant from that of
typically developing children.

These deviated formant centralization ratio presents
as vowel reduction in children with Downs syndrome.
Factors contributing to the deviated formant
centralization ratio could be the differences in the
anatomical structures (Midface hypoplasia, reduced
bone growth in the regions of heand and face etc). This
would affect the placement of articulation during vowel
production thereby preventing them from making
précise articulatory movements [24]. Variations in the
oral, and pharyngeal cavities (reduced oral cavity size,
high palatal arch) in these children with Downs
syndrome also affects the way in which the sound
travels through these resonating cavities [25-27]. All
these reasons would have affected the formant
frequencies and hence the results of the present study.

In addition, physiological differences might have
also contributed to the deviations in the formant

centralization ratio. These physiological differences
include abnormal oromotor skills and/or oromotor
planning and programming abilities [15]. In this regard,
Sapir et al. also claims that reduced anterior to
posterior direction and restricted movement of the lips
can increase the formant centralization ratio [22] and
hence the results of the present study. These findings
reflect reduced speech motor control abilities in
children with Downs syndrome when compared to
normal controls. These findings are in consonance with
the previous studies indicating reduced articulatory
working space area and slower movement speed in
children with Downs syndrome when compared to
normals [15,19].

The performance of these two groups suggests that
they reflected different articulatory patterns indicating
speech motor control deficits in children with Downs
syndrome. It is also observed that vowel distortions
were predominant in many of these children with
downs syndrome. Some of these distortions take the
form of central shwua vowel. However, it is not
observed in all the children with Downs syndrome.
Hence, it is not clear what exactly are represented by
the FCR, and how those can be related to perceptual
speech deviancies in particularly vowel errors. This
raises the reliability of formant centralization ratio in the
identification of vowel centralization. It is therefore
necessary to correlate the values of FCR with
perceptual, physiological and kinematic measurements
of vowel articulation in the future studies which would
shed some light on the nature of vowel errors depicted
by FCR. Moreover, in this study, FCR was tested with
the vowels /i/, /u/, and /a/. It is also recommended to
check the reliability of this metric with different vowels
and with different speech tasks, phonetic environment
and severity of abnormal articulation. Further gender
issues should be taken into consideration in the future
studies.

CONCLUSION

The present study investigated the FCR in children
with Downs syndrome and typically developing children
in the age range 6-8 years. The results indicated that
the FCR obtained from both the groups vary
significantly, thereby indicating that the vowel
production in children with Downs syndrome may be
subjected to vowel centralization suggesting speech
motor control deficits in children with Downs syndrome.
The present findings suggest the potential abilities of
FCR metric in identifying vowel errors without
characterizing the nature of vowel abnormalities and
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hence this metric should be used

in the clinical

population with caution.
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