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Abstract— This document is an attempt to compare the work done across the globe to determine prosodic differences in speech of 

individual with Autism Spectrum Disorder (ASD). Autism is a complex condition of neurodevelopment. The speech of children and 

adolescents having ASD is noted to reveal unconventional speech pattern. ASD cultivates in children in the first 36 months. ASD is the 

primary diagnostic consideration for individuals with social communication deficits. In this paper we studied the existing scientific 

literature on prosodic analysis of vocal production in ASD. Most of the articles studied in this paper shows differences in prosody of 

ASD individuals when compared to typically developing individuals. This article represents the current status and the notable work 

undertaken in different languages. Similar work is needed in other Indian languages. More speech data collected in a further 

controlled environment is also needed. 
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I. INTRODUCTION 

Speech is the most efficient and developed biological way of expressing feelings, ideas and thoughts through 

interpersonal verbal communication used by humans. The speech contains a precise acoustic, linguistic and pathological 

description, consisting of a set of information which is not only limited to verbal but also emotive. The combined effect of 

cognitive, linguistic and motor processes leads to fluent speech production [1]. Sometimes, in some people, speech is often not 

fluent due to some problems in cognitive, linguistic, and motor processes, from which we can say the person may have some 

speech disorder. In some cases, disordered speech becomes unintelligible and this discrepancy in speech can adversely affect 

both interpersonal communication and automatic speech recognition systems. In the area of health care, military, security, and 

machine learning, more attention has been given to studying discrepancy in speech - based systems and analytics [2][3]. 

Autism is a complex condition of neurodevelopment. The speech of children and adolescents having autism spectrum 

disorder (ASD) is noted to demonstrate unconventional speech pattern. ASD has always been correlated with slightly odd voice 

tones and prosodic disturbances from its prior characteristics [4].  

A. Neurodevelopmental Disorders 

NeuroDevelopmental Disorders (NDDs) are multifaceted conditions that are characterized by cognitive, 

communicational, motor and/or behavioral impairments due to an abnormal brain development. Intellectual Disability, 

Communication Disorder, Asperger's Syndrome (AS), Attention Deficit / Hyperactivity Disorder (ADHD), Specific Learning 

Disorder, and Autism Spectrum Disorder fall under the NDD umbrella [5]. 

However, due to the various similarities, DSM-5 replaced autistic disorder, Asperger's disorder and other pervasive 

developmental disorders with a parallel term autism spectrum disorder in 2013. Symptoms of these disorders represent a single 

spectrum of mild to severe impairments in both fields of social communications and restrictive repetitive behaviour, rather than 

distinct disorders [6]. 

B. Autism Spectrum Disorder 

Autism is a disorder that develops in children in the first 36 months. Autism spectrum disorder's essential 

characteristics include a persistent deterioration of social communication or reciprocal social interaction and restricted 

/repetitive behavior patterns, interests and activities. Individuals with autism spectrum disorder are more likely to have 

intellectual disability. For individuals with social communication deficits, autism spectrum disorder is the primary diagnostic 

consideration. Individuals with autism spectrum disorder may only show restricted / repetitive behavioral patterns, interests and 

activities in the early period of their development [7].  

In DSM-V autism spectral disorder has been integrated with Asperger disorder and pervasive developmental disorder. 

Symptoms of these kinds of disorders are a single wide spectrum of mild to serious impaired social communication and 

857

ISSN NO: 0972-1347

http://ijics.com

INTERNATIONAL JOURNAL OF INFORMATION AND COMPUTING SCIENCE

Volume 6, Issue 4, April 2019



restrictive/repetitive behaviors, rather than different disorders. This change is intended to increase the sensitivity and specificity 

of autism spectrum disorder diagnostic criteria and to identify more focused treatment targets for specific identified 

impairments. Reported frequencies of autism spectrum disorder have approached 1% of total population in the United States 

and outside the United States over the last few years, with similar estimates in children and adults. Whether higher rates reflect 

the growth of the DSM-IV diagnostic criteria to include sub-threshold cases, increased awareness, differences in the 

methodology of research or a significant increase in the frequency of autistic spectrum disorder remains unclear. Autism 

spectrum disorder is diagnosed four times more often in males than in females [8].  

Lack of social and communication skills may impair learning in young children with autism spectrum disorder. In the 

home, routines insisted on and aversion to change and delicate sensitivities can interfere with eating and sleeping, making 

routine care extremely difficult. Typically, adaptive skills are below IQ. Even for students with over average intelligence, 

extreme problems in planning, organization and handling change negatively affect academic achievement. Those persons may 

have problems with independence during adulthood, due to their continued stiffness and difficulty with the novelty.  Many 

people with autism spectrum disorder have a poor psycho-social functioning, even without intellectual disability, that has been 

indexed by measures like autonomy and successful work. Older-aged functional consequences are unknown, but in older 

adulthood social isolation and communications may affect health [9] [10].   

II. RELATED WORK 

Brisson et al. collected audible vocal production of 13 ASD infants, 13 Typically Developing (TD) infants recorded by 

parents of children less than 6 months of age, and the second study included child - directed speech recordings of 12 ASD 

infant's mothers and 11 TD infant's mothers. They calculated pitch and utterance duration for both ASD and TD children as well 

as their mother. The mean pitch for ASD was 393.61 and for TD was 357.64(Hz), the mean utterance duration for ASD was 

651.38 and 625.09(ms) for TD. The mean pitch for mother of ASD was 320.81 and for mother of TD infant 311.07(Hz), the 

mean utterance duration of mother of ASD infant was 926.71 and mother of TD 1188.59 (ms). The pitch of ASD infants was 

higher than that of TD infants, but there was not much difference in the pitch of mothers, nor was there a significant difference 

in the utterance duration of ASD and TD infants, but in the case of mothers, the utterance duration of TD mothers was longer 

than that of ASD [11]. 

Sharda et al. worked on speech samples of 15 ASD children aged 4 - 10 years and 10 age matched TD children and 8 

mothers of typically developing children aged 6 - 18 months. The mean pitch for ASD is 355.8 Hz, for TD is 275.4 Hz and for 

Mothers is 326.3 Hz. The pitch range for ASD is 550.6 Hz, for TD 465.7 Hz and for Mothers 466.07 Hz. The average pitch 

excursion for ASD is 13 semitones / s, for TD is 6.8 semitones / s and 18 semitones / s for mothers. Results show that in the age 

group of 4–10 years, pitch patterns of verbal children with ASD differ from age - matched typically developing children [12]. 

Filipe et al. worked with a total of 29 Portuguese children, 12 Asperger’s Syndrome (AS) including 10 boys 2 girls 

aged 8 - 9 and age matched 17 TD including 10 boys 7 girls. The mean utterance duration of statements in the AS group is 1.08s 

and in the TD group is 0.89s. The mean utterance duration of questions in the AS group is 1.08s and in the TD group is 0.889s. 

It shows that the duration of the utterance was longer in the AS group for statements as well as questions. The mean pitch of 

both statements (for AS=243, for TD=224) and questions (AS=286, for TD=261) was also observed to be increased 

significantly in the AS group. Almost the same pattern was noted for maximum pitch, higher in AS children than in age-

matched TD, for statements (AS= 255, TD = 222) and questions (AS = 332 TD = 281), but for minimum pitch, and intensity 

parameter, there were no major differences observed between AS and TD children for both statements and questions [13]. 

Diehl et al. in the first study worked with 21 ASD children and 21 TD children between the age of 10 and 18 consisting 

of 19 male 2 females in each group, and 17 children in each group for the 2nd study consisting of 13 males, 4 females in ASD 

group and 12 males, 5 females in TD group. Study 1 evaluated adolescents and Study 2 was carried out to replicate the results 

from study 1 in different younger children. The mean pitch for ASD in study1 is 189.95 and 173.57 for TD, and in study2 

212.25 for ASD and 207.84 for TD. Also in study1 the mean pitch is 187.50 for ASD males and 213.22 for females, 169.60 for 

males and 183.74 for females in TD, for study2 the mean pitch for ASD males is 206.86 and 229.78 for females and for TD 

209.96 for males and 202.77 for females. According to this paper, the results show that prosody variation for children and 

adolescents was greater in ASD than TD [14]. 

Bonneh et al. collected speech samples from 83 children 41 with ASD, 42 TD of age 4 to 6.5 years. The average 

recording length of the ASD was 70 and 66 s for TD, which was slightly longer for ASD. They calculated the average number 

of words in 60s manually, which was found to be 27.9 for the ASD group and 31.7 for TD.  TD has generally sharper and more 

numerous peaks in power spectra in the LTAS (Long - Term Average Spectrum) analysis, whereas the ASD spectra are 
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shallower. There have been significant variations at some frequencies, i.e. between 300, 410–440, 1031, 1062, 1120, 1000–

1300, 1660–1750 Hz. No significant difference between groups was found for the average pitch, i.e. 255 Hz for ASD, 248 Hz 

for TD. However, ASD children had a much larger pitch range and SD than TD children [15]. 

Fosnot et al. worked with 12 children from 7 to 14 years of age, including 4 children in each group, i.e. ASD, Stutter, 

and TD. The mean duration of ASD children's declarations and questions was significantly longer than the stuttering group, 

which was slightly longer than the TD group. For ASD children, the pitch range of declarative was higher in both reading and 

imitation data than the other two groups [16]. 

Nadig at al. worked in the first study with 15 ASD and 13 TD children aged 8 to 14 years and used audio recording of 

15 ASD children and 11 TD children aged 8 to 14 years for the second study. The pitch range of the ASD group was found to be 

200 Hz in the first study, which was substantially higher than the TD group, i.e. 124 Hz. In the second study pitch range was 

again found to be higher for the ASD i.e. 156 Hz than participants in the TD, i.e. 122 Hz. In the first study mean pitch was not 

significantly different for ASD group 225 Hz and TD 214 Hz. The ASD group expressed similar mean pitch of 247 Hz and TD 

group 236 Hz in the second study. For ASD, speech rate of 172 syllables per minute and for TD 148 spm were found in the first 

study. The speech was found to be similar to the first study in the second study [17]. 

Nakai et al. worked with a total of 63 Japanese children, consisting of 26 ASD and 37 TD children aged 4 to 9 years. 

They calculated the pitch Coefficient of Variation (CV) and found the mean value of 0.16 for ASD and 0.18 for TD. The mean 

pitch range was 200.81 for ASD and 206.49 for TD and Pitch SD was noted 50.35 for ASD and 51.14 for TD. The same values 

for the entire speech CV for ASD were calculated as 0.20 and for TD 0.24. The pitch range was 481.88 for ASD and 471.08 for 

TD and 63.46 for ASD and 63.73 for TD [18]. 

Green et al. studied speech samples of 20 children aged 9 to 13 years, consisting of 10 ASD and 10 age matched TD 

children speaking Israeli Hebrew. They calculated and found pitch range of 10.7 to 37.6 for ASD and 30.4 to 32.4 for TD [19] 

DePape et al. tested 12 adult males aged 17–34 years with ASD and 6 TD English speakers for comparison aged 23–34 

years. They performed Analysis of Variance (ANOVA) on absolute pitch and found larger pitch ranges for ASD with strong 

language skills compared to the TD group, and smaller pitch ranges for those with moderate language skills [20]. 

Kaland et al's experiment includes 20 Dutch speakers with ASD from 18 to 51 years of age. They extracted noun 

phrases (NPs) referring to target figures and analyzed perception ratings for prominence. Repeated measures analysis of 

variance (RM-ANOVA) was performed on prominence difference scores. TD and ASD speaker data show that addressing the 

same listener leads to much greater differences in prominence than addressing a different listener. It is noticed that when the 

adjective is the focused word than the noun, the speakers produce greater differences. The factor development shows a trend in 

which TD speakers bring greater differences from ASD speakers between focused and unfocused words [21]. 

Chan et al. worked with ASD on 19 Cantonese - speaking adults and 19 matched TD adults. The ASD group's mean 

narrative duration was 3 minutes and 45 sec, while the TD group's was 3 minutes and 13 sections. The ASD group's mean pitch 

was 137.67 Hz and for the TD group was 123.24 Hz. This indicated that speakers with ASD generally demonstrate a 

significantly higher pitch than the TD group. The mean SD for the pitch of the ASD group was 27.35 and the TD group was 

22.16. It showed that speakers with ASD generally produced a wider range of pitch [22]. 

Parish-Morris et al. have samples from 65 ASD subject of mean age 10 years and 17 TD children of mean age 11.29. 

The mean word duration was estimated to be 402 ms for ASD and 376 ms for TD. Pitch was calculated in Hz but then converted 

to semitones and noticed that pitch values are both higher and more variable for ASD. Median pitch value for ASD 1.99 and 

InterQuartile Range (IQR) for ASD was 0.95, TD median pitch was 1.95 and IQR was noted 0.26 [23]. 

The study of Quigley et al. included 10 infants including 5 male 5 females at risk of ASD and age matched 9 infants 

including 5 male 4 females at low risk of ASD. Samples were collected twice when the infants were 12 and 18 months old. For 

no risk ASD mean duration of samples used for this study at 12 months age was 32.76 s at 18 months it was 20.67 s, and for at 

risk infants mean duration at 12 months was 46.11 s and at 18 months was 34.70 s. At risk infants at 12 months showed a mean 

pitch of 374.15 Hz and at 18 months 382.26 Hz while low - risk infants showed 377.08 Hz at 12 months and 362.96 Hz at 18 

months of age.  The pitch range was 586.07 Hz for at-risk infants aged 12 months and 554.06 Hz for 18 months, 562.39 Hz for 

low - risk infants aged 12 months and 539.81 Hz for 18 months. Vocalization intensity was found to be 68.79 dB for the 12-

month at - risk infant and 69.8 dB for the 18-month at - risk infant, 67.53 dB for the 12-month and 66.14 dB for the 18-month 

age infant [24]. 
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Dahlgren et al. collected speech samples from 11 ASD children including 10 male and 1 female and age matched 11 

TD children including 6 male 5 female. They calculated mean pitch for both ASD and TD children and found 202.25 Hz and 

203.98 Hz respectively. The pitch range was observed 11.44 for ASD and 11.74 for TD. The pitch variation was noted 23.73 

semitones for ASD and 23.98 semitones for TD. The speech rate for ASD was 3.79 syllables per second and for TD 3.87. The 

words per utterance for ASD were 6.31 and 4.81 for TD [25].  

III. CONCLUSION 

The above study shows that there are some prosodic differences in the speech of individual with Autism Spectrum 

Disorder. Although there is a need for more ASD speech data with which more focused results can be found and data collected 

will be more efficient if recorded in a much more controlled environment. There is a lot of research done for non-Indian 

languages, but there are only a few studies in Indian languages. Similar work is also needed in other Indian languages. This 

paper is an attempt to highlight the work carried out for ASD speech databases and prosody analysis in ASD, and can help many 

research teams to recognize the work done over the years on prosodic differences in ASD. 
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