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ABSTRACT 

The occurrence of voice disorder and of non-modal 
phonation were measured in the speech of 53 children. 
Thirty seven monolingual English speaking children with 
developmental speech disorder and compared with that in 
16 age-matched children with normal speech development. 
The children’s ages ranged from 4 to 6 years. The speech 
disordered children were further assigned to 3 subgroups 
according to Dodd’s [1] classification of developmental 
speech disorder: delayed, deviant consistent and deviant 
inconsistent. There was no difference in the prevalence of 
voice disorder between the normal and speech disordered 
children. There were, however, significant differences in 
the presence of non-modal phonation patterns between the 
normal and disordered speakers. Amongst the subgroups of 
speech disordered children the deviant inconsistent group 
significantly used higher amounts of non-modal phonation 
patterns compared to the other 2 subgroups. These results 
suggest that poorer speech motor control underlies the 
speech production of children classified as having a deviant 
inconsistent speech disorder. 

 

1. INTRODUCTION 

Amarosa, von Benda & Wagner [2] found a high number of 
unusual phonatory patterns in a group of 40 “unintelligible” 
German speaking children compared to age-matched 
controls. These unusual phonatory patterns predominantly 
consisted of pre-phonatory vocal fold adjustments and 
fluctuations in modal voice quality during phonation. These 
results were surprising because the clinical speech 
literature had been tending since the mid-70s to view 
developmental speech disorders as predominantly 
cognitive-linguistic in nature, yet here was evidence of an 
associated sub-phonemic disturbance. Amarosa et al. 

hypot
arose 
with s
report
contro
gener
speec

 

Subje
Fifty 
the Br
years 
hearin
by a s
signs 
classi
Dodd
delaye
classi
produ
phone
the sa
the pe
differe
norma
develo
Peabo
were n
of the
expre
 
Proce

Audio
produ
n with Speech Disorders 

 Russell† and Barbara Dodd‡ 
ustralia 
ne, United Kingdom 
inders.edu.au  

hesised that these atypical phonatory behaviours 
from difficulties with fine motor control in children 
evere speech disorders. What is not clear from their 
 is whether these reported difficulties with voice 
l are associated with severe speech disorders in 

al or with particular subgroups of children with 
h disorder. 

2. METHOD 
cts 
three English speaking children were recruited from 
isbane area. There were 37 children, aged between 3 
8 months and 6 years 9 months with normal cognition, 
g, vision and oral motor skills who were diagnosed 
peech pathologist as having a speech disorder but no 
of verbal dyspraxia. These children were further 

fied into subgroups of speech disorder according to 
’s [1] classification of developmental speech disorder; 
d, deviant consistent and deviant inconsistent. This 

fication is based on the children’s surface errors 
ced in a word repetition task that assesses their 
tic segmental stability over multiple productions of 
me word list. An inconsistency score is calculated as 
rcentage of words named over 3 repetitions with 
nt phonetic realizations. Sixteen children with 
l cognition, hearing, vision, speech and language 
pment were matched for age and score on the 
dy Picture Vocabulary Test (PPVT) [3]. The groups 
ot matched for expressive language abilities because 

 possible confounding interaction between speech and 
ssive language measures. 

dure 

tape recordings were made of the children’s speech 
ction in a picture naming task of 27 monosyllabic and 



polysyllabic words. Each word was repeated 3 times during 
the task (81 recorded words per child). These recordings 
were phonetically transcribed and then acoustically 
analysed for the presence of non-modal phonation features 
using Soundscope [4]. A measure of “severity” of speech 
disorder within the speech disorder group was determined 
by calculating the percentage of phonemes in the target 
words that were produced incorrectly (PPE). The 
researchers were blind to which group or subgroup subjects 
had been assigned until the completion of the transcriptions, 
acoustic analyses and the tallying of the non-modal 
phonation features. Two speech pathologists who were 
experienced in the diagnosis of voice disorders also 
perceptually rated the recordings for the presence of voice 
disorder. 

Non-modal phonation in this study was defined as any 
deviation from the typical, regular phonation for adult 
speakers of Australian English [5]. Some deviations from 
modal phonation are expected in adult speakers in 
particular contexts, however, all occurrences of non-modal 
phonation were noted in order to provide information about 
their occurrence in immature speakers and because there 
was no a priori criteria for excluding them.  

 

3. RESULTS 

Figures 1 to 3 are waveform and spectrographic examples 
of non-modal phonation features. The following non-modal 
phonation features were identified across the children: 

Non-modal vowel phonation – devoicing; tremor or 
quavering; breathy or laryngealised (when not a feature of 
overall voice quality); abrupt shifts in phonatory quality. 

Pre-voicing before the onset of the word (excluding filled 
pauses). 

Pre-initiation glottal activity – glottal adjustments evident 
before the onset of the word. 

Sonorant (consonantal) devoicing; tremor or quavering; 
breathy or laryngealised; abrupt shifts in phonatory quality. 

Five of the normal speech development group (30%) and 8 
of the speech disorder group (22%) were classified as 
having voice disorders.  A Chi-square test indicated no 
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er of non-modal phonations for subjects with normal 
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e 1. Example of period of glottal closure during 
 production of “elephant”. 

ann-Whitney U test indicated that there was a 
icant difference (p < 0.05) between the mean ranks for 
tal number of non-modal phonations for the group 
ormal speech development (mean rank = 19.0) and 

oup with speech disorder (mean rank = 30.5). When 
ts with voice disorder were excluded the difference 
en the groups was strengthened; normal speech 
pment (mean rank = 10.4), speech disorder (mean 
 24.3). 

 

e 2. Example of phonatory tremour during vowel 
ction of “her”. 

elationship between severity of speech disorder (as 
ted by Percentage of Phonemes in Error scores) and 



the number of non-modal phonation features was examined 
firstly by comparison between the groups and then using 
Spearman correlations. A Kruskal-Wallis test indicated no 
significant difference (p > 0.05) between the groups. There 
was only a small and non-significant correlation between 
the speech severity scores and the number of non-modal 
phonations in the speech disordered group (r = 0.20, p > 
0.5). Less than 5% of the variation in numbers of 
non-modal phonations could be accounted for by the 
number of speech errors found in the children. When the 
children identified as having a voice disorder were 
excluded, the recalculation of the Spearman correlation 
indicated a small but significant relationship between 
severity of the speech disorder and non-modal phonation (r 
= 0.34, p < 0.05). About 12% of the variation in non-modal 
phonations could be accounted for by the severity scores 
for the speech errors found in the children without voice 
disorders. However, when the correlation between severity 
and number of non-modal phonations was recalculated 
controlling for word inconsistency scores, there was no 
significant direct correlation maintained (r = 0.12, p > 0.5). 
Only 1% of the variation in number of non-modal 
phonations in the children could be directly accounted for 
by their speech error severity scores. This indicates that the 
main strength of any relationship between severity of 
speech errors and non-modal phonation is indirect rather 
than direct.  

 

Figure 3. Example of laryngealised phonation at 
vowel-onset during production of “five”. 

The relationship between subgroups of speech disorder and 
the number of non-modal phonation features was examined 
firstly by comparison between the groups and then using 
Spearman correlations. A Kruskal-Wallis test indicated that 
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ifference in mean ranks of number of non-modal 
tions between the normal, delayed, deviant consistent 
eviant inconsistent groups was significant (p < 0.05). 
ankings from lowest to highest were: normal (22.7), 
tent (26.5), delayed (26.8) and inconsistent (33.5). 
 was a significant moderate correlation between the 
production inconsistency scores and the number of 
odal phonations in the speech disordered group (r = 
p < 0.05). About a third (31%) of the variation in 
odal phonations could be accounted for by the extent 

onsistency in word productions found in the children. 
 the children identified as having a voice disorder 
excluded, the recalculation of the Spearman 

ation indicated a strong relationship between 
sistency and non-modal phonation (r = 0.67, p < 0.05). 
st a half (45%) of the variation in non-modal 
tions could be accounted for by the extent of 
sistency in word productions found in the children 
ut voice disorders. 

lationship between subgroups of speech disorder and 
odal phonation was also examined in terms of the 

er of words that each subject produced without one or 
non-modal phonation features. A Kruskal-Wallis test 
d a significant difference in mean ranks for number 
rds without any non-modal phonation features (p < 
 The rankings from lowest to highest were: 
sistent (15.2), consistent (23.8), delayed (27.5) and 
l (37.1).  

4. CONCLUSIONS 

ber of researchers have noted the higher prevalence 
ce disorders amongst children with speech disorders 
]. However, the results of this study indicated that 
was no relationship between the identification of 
disorder and the number of non-modal phonation 

es identified in the word productions of the children. 

sults of this study suggest that non-modal phonation 
es occur in the course of normal speech development, 
cur to a greater extent in children with developmental 
h disorder and in particular in those with a speech 
er characterized by inconsistent word productions. 
tudy, incorporating children with a range of severity 
ech disorder found significantly higher productions 



of non-modal phonation features compared to children with 
normal speech development.  However, the relationship 
between severity of speech disorder and the non-modal 
phonation features was not a direct one. Children classified 
as having a deviant inconsistent speech disorder had 
significantly more of these phonatory features. Nearly half 
(45%) of the variation in the amount of non-modal 
phonation features could be accounted for by the word 
production inconsistency scores of the children in this study. 
Children classified as having a deviant consistent speech 
disorder on the other hand did not exhibit significantly 
more non-modal phonation features than the children 
classified as exhibiting a speech delay only. The results of 
this study support the findings of Amorosa et al. [2] but 
have also identified that increased non-modal phonation is 
associated with phonetic variability rather than the number 
of “surface errors” in the children’s speech. This significant 
relationship between non-modal phonations and word 
production inconsistency provides supporting evidence that 
children identified as belonging to the sub group of 
developmental speech disorder termed deviant inconsistent 
[1] have particular difficulties with the fine-motor control 
of speech production. 
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