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Abstract 

This paper explores how autism spectrum disorder (ASD) 

children would acoustically produce the five Standard-Thai 

tones, as compared to the Thai tones uttered by typically 

developing (TD) children.  In the literature, ASD children had 

the unusual prosody, i.e. abnormal stress and intonation.  30 

ASD and 33 TD children participated in this study.  All 

utterances were recorded in the Praat program, were measured 

for related acoustic cues, and were statistically analyzed.  The 

acoustic results showed that ASD children produced Thai tones 

with the higher f0 values, shorter tonal duration, and less f0 

range than those uttered by TD children.   

Index Terms: acoustics, autism spectrum disorder, Thai tones. 

1. Introduction 

Autism spectrum disorder (ASD) is a group of neuro-

developmental disorders characterized by persistent deficits in 

social communication and the presence of stereotyped 

behaviors and restricted interests [1, 2, 6, 16]. One of the 

fundamental diagnostic domains in ASD is the qualitative 

impairment in communication. Children with ASD show the 

delays and deficits in both the expressive and receptive 

language, with the range from the almost complete absence of 

the functional communication to the adequate linguistic 

knowledge, and with a possible lack of the pragmatic skills [7, 

10, 11]. 

Some of the major characteristics of ASD children are 

abnormal speech patterns. The speech of many ASD children 

appears abnormal and is described as a monotonic or machine-

like speech.  This abnormal speech pattern was first described 

in [15]. In the literature, observational reports presented the 

differences between the ASD and TD speech, including the 

monotonic or machine-like intonation, the deficits of using the 

pitch and of controlling the volume, the deficiencies in the vocal 

quality, and the use of aberrant stress patterns. 

In general, speech is composed of segments and 

suprasegments or prosody.  The latter involves stress, 

intonation, rhythm, and tones. However, previous studies 

investigating the prosody of ASD [12, 13, 14] were conducted 

in non-tonal languages such as English and French [3, 4, 5, 8, 

25, 26].  Unlike non-tonal languages in which the pitch of each 

syllable does not make a semantic difference, tonal languages 

such as Thai [19, 24] and Chinese [17, 18, 23] have the 

distinctive phonological pitch on each syllable, which can 

differentiate the meaning of one word from another. 

Thai is a monolexemic tonal language with the five lexical 

tones: mid, low, rising-falling, high, and falling-rising. Mid, 

low, and high tones are considered as level tones; and rising-

falling and falling-rising are contour tones.  An example is the 

minimal pair of two Thai monosyllabic words with the same 

CVV structure: the word /maa/ with a mid tone meaning ‘to 

come’ and the word /ma˅a/ with a falling-rising tone meaning 

‘a dog.’  

As prosody plays a role in the speech of a language, 

especially in tonal languages, a question arose of how pitch 

would be produced if speakers are ASD children, when 

compared to the tonal production of TD children.  Both groups 

speak Thai, a tonal language, as their first or native language. 

Would the production of both groups the same or different?  

Moreover, what would be the acoustic cues involved in 

producing the five Thai tones for both ASD and TD groups?   

Previous literature [20, 21, 22] revealed the major acoustic 

and perceptual cues for distinguishing the five Thai tones both 

in citation form and in connected speech.  The acoustic cues 

include F0 height, F0 range, F0 shapes, and tone-bearing unit 

(TBU) duration.     

In this study, the aim is to explore how ASD children would 

produce the five lexical Thai tones, as compared to the same 

tones uttered by TD children with the same age range.   

This study is a pioneer study of the acoustic Thai tones 

produced by ASD children, and the comparative and contrastive 

results of the ASD and TD children would help gain a better 

understanding of the ASD speech for further speech and 

language therapy.   

An acoustic study was conducted. 

2. Methodology 

2.1. Participants  

In this research, two groups of speakers participated in the 

acoustic study.  The two groups were the ASD group and the 

TD group, respectively.  Both groups were in the same age 

range.  The details are, as follows. 

 In the first group, there were 30 ASD participants, with the 

age ranging from 6 to 12 years and with the mean age of 8.5 

years (SD 1.8).  In this group, 28 children (93%) were males, 

and 2 were females (7%).  All were children who attended the 

developmental and behavioral clinic at a state hospital in 

Bangkok, Thailand. All of the participants had a clinical 

diagnosis of ASD based on DSM-IV-TR criteria made by the 

developmental and behavioral pediatrician.  

 The second group consisted of 33 TD participants, with the 

age ranging from 6 to 12 years and with the mean age of 8.5 

years (SD 1.3). In this group, 31 children (94%) were males, 

and 2 were females (6%).  All the TD children studied in a 

normal educational program in primary schools in Bangkok, 

Thailand.  None had any deficits in speaking, nor hearing.  

 In this study, there were a total of 63 participants (30 ASD 

children and 33 TD children). 

2.2. Tokens 

In this study, there were a total 12 sets of the stimuli: Sets No.1-

11 with 2 meaningful Thai words (each set) and Set No.12 with 

3 meaningful Thai words.  There were 25 tokens for each 

speaker to utter in this study.   

 Each token was uttered once by each speaker.  Thus, there 

were a total of 1,575 utterances (25 tokens x 63 participants).   

mailto:ttherd@gmail.com
mailto:rungpat@gmail.com


 It can be noted that all the words were familiar to children 

at a primary level such as animals, relatives, plants, and 

common objects.   

2.3. Procedures  

In this acoustic study, all participants were asked to see 25 

pictures and to utter the word related to each picture once.  All 

1,575 utterances were recorded with a low-pass-filter at 22 kHz 

and were digitized at sampling rate of 44.1 kHz in the Praat 

program in a sound-treated room at a state hospital in Bangkok, 

Thailand.      

 The acoustic cues for all utterances such as the F0 values 

and tonal duration were extracted, measured, and analyzed in 

the Praat program.  

 In this study, the tonal duration was measured from the tonal 

onset at the onset of the tone-bearing unit (TBU) or the 

beginning of the vowel to the tonal offset at the end of the TBU 

or where the vowel ends for an open syllable without any final 

or at the end of the final sonorant for a closed syllable with a 

final sonorant. 

 The f0 of each syllable was measured at 11 consecutive 

sampling points at the 10-Hz steps at the TBU onset (0%), 10%, 

20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and the TBU 

offset (100%) of the total tonal duration.   

 The f0 was plotted in an autocorrelation algorithm in the 

Praat program, with the range of the f0 set optimally based on 

the manual f0 estimates for each word.  The acoustic results of 

the ASD children and TD children were compared and 

contrasted. 

2.4. Statistical analysis  

The results were analyzed in the SPSS program. In the statistical 

analysis, the T-test statistical method was used to compare the 

mean of the f0 values of the tonal production between the ASD 

and TD groups.  In addition, the Chi-square tests of significance 

were used for bivariate variables.  

3. Results 

The results are presented in terms of the f0 values and tonal 

duration (Section 3.1); tonal duration (Section 3.2); and f0 range 

(Section 3.3), as follows. 

3.1. F0 values and tonal duration 

In this section, the mean f0 values of 11 temporal points of the 

total tonal duration are presented in Figures 1-5 for the mid, 

low, rising-falling, high, and falling-rising tones in Thai, 

respectively.   

 Each figure illustrates the mean f0 at the tonal onset (0%), 

10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, and the 

tonal offset (100%) of the total tonal duration of each tone.   

 In each figure, a solid line presents the mean f0 values for 

the tone produced by the TD speakers, and the dashed line is for 

the tone uttered by the ASD speakers. 

 Figures 1-5 are illustrated below. 

 

 
 

Figure 1: The mean f0 values and tone duration of the mid 

tone in Thai produced by TD and ASD children. 

 

 The results in Figure 1 show that the overall f0 line for the 

mid tone in Thai produced by the TD children is a bit lower (5-

10 Hz) than that of the ASD children. 

 

 
 

 

Figure2: The mean f0 values and tone duration of the low tone 

in Thai produced by TD (solid) and ASD (dashed) children. 

 

 Figure 2 reveals the shared tonal onset of the low tone 

produced by the TD and ASD children, but the mean f0 line for 

the low tone gets diverged, starting at about the 30% temporal 

point of the total tonal duration to the tonal offset.  Morever, the 

tonal divergence becomes greater for the second half of the low 

tone of both groups.  Overall, the low tone of the TD group is 

lower than that of the ASD group. 

 

 
 

 

Figure3: The mean f0 values and tone duration of the rising-

falling tone in Thai produced by TD (solid) and ASD (dashed) 

children. 
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 Figure 3 presents the f0 curve of the Thai rising-falling 

contour produced by the TD and ASD children.  In the figure, 

the rising-falling tone uttered by the TD children is lower than 

the one of the ASD children and has a greater f0 range and 

slope. 

  

 
 

 

Figure 4: The mean f0 values and tone duration of the high 

tone in Thai produced by TD (solid) and ASD (dashed) 

children. 

 

Figure 4 presents that the high tone produced by the TD 

children is lower than that of the ASD children from the tonal 

onset to the tonal offset.  Furthermore, the TD children 

produced a high tone with a little drop of the f0 values at the last 

10% of the tonal duration, while the ASD children maintained 

the high f0 level at the end of the high tone. 

 

 
 

 

Figure 5: The mean f0 values and tone duration of the falling-

rising tone in Thai produced by TD (solid) and ASD (dashed) 

children. 

 

In Figure 5, the overall f0 values for the falling-rising tone 

of the TD children are lower than those of the ASD children.  It 

is interesting to see the merged f0 values of the last 15% of the 

falling-rising tone produced by the TD and ASD children. 

From Figures 1-5, it can be seen that, generally, the average 

F0 values of the five Thai tones were lower (by 10-20 Hz.) when 

the tones were produced by the TD speakers, when compared 

to the higher f0 values of the ASD speakers.    

3.2. Tonal duration 

In this section, Figure 6 illustrates the mean tonal duration 

produced by the TD speakers (a black bar) and the ASD 

speakers (a gray bar) for all five tones in Thai.  

 

 

Figure 6: The mean tonal duration of the five Thai tones 

uttered by TD and ASD children. 

In Figure 6, the TD group produced longer tonal duration 

than did the ASD group. Moreover, a paired-sample two-tailed 

t-test for the tonal duration difference among the tone pairs of 

TD and ASD speakers presents the statistical significant 

differences amongst two groups for the mid, rising-falling, and 

falling-rising tones. 

3.3. F0 range 

Figure 7 illustrates the mean f0 range produced by the TD 

speakers (black) and the ASD speakers (gray) of all five Thai 

tones.  

 

 

 

Figure 7: The mean F0 range of the five Thai tones produced 

by the TD and ASD children. 

 

In Figure 7, the f0 range of the ASD group was about 10-

Hz. less than the one of the TD group for the low, rising-falling, 

and falling-rising tones; but was greater (5-12 Hz.) for the mid 

and high tones.   

4. Discussion 

In this study, the results can be discussed in terms of the f0 

values and shapes, the tonal duration, and the f0 range.   

 As for the f0 values and shapes, the ones produced by the 

TD group were lower than those of the ASD group, and the 

differences in f0 levels of the two groups occurred more on the 

second portions of the Thai tones.  Previous research [25] did 

not demonstrate whether the f0 values of the ASD group were 

higher or lower than the ones of the TD group. However, in 
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terms of the importance of the tonal segments [the first and 

second halves], in [22], it reported that, when Thai tones were 

on shorter TBUs, the first portions were kept and the second 

portions would be truncated or have a higher F0 rate of change.  

Thus, it has yet to find out whether such differences in the f0 

levels would affect the perception of the five Thai tones to both 

native-Thai ASD and TD listeners, based on [27].  Furthermore, 

in the literature [26], the f0 difference of approximately 20-30 

Hz was likely to affect the noticeable difference in the pitch 

perception.  

 In terms of the tonal duration, the results showed that the 

tonal duration of all five Thai tones of the ASD children was 

shorter than the one of the TD children, especially the mid, 

rising-falling, and falling-rising tones. This may be due to the 

fact that the ASD children who participated in this study still 

had the symptoms of the hyperactivity and impulsitivity, and 

produced a faster rate of speech, even when uttering a word in 

citation form. 

 In terms of the f0 range, it was found that the f0 range of the 

ASD group was significantly lower than that the TD group for 

the low, rising-falling, and falling-rising tones; but higher than 

that of the TD group for the mid and high tones.  This was 

consistent with the previous studies that ASD speakers had a 

monotonous speaking style.  In this study, the monotonous style 

of the ASD speakers was found to affect the production of the 

lexical tones, particularly in the contour tone (the rising-falling 

tone).  In producing the rising-falling contour, it requires certain 

f0 values, shape, and range to be acoustically and perceptually 

differentiable.  Moreover, the results of the study showed that 

the f0 range of the high tone produced by the ASD group was 

statistically greater than the one of the TD group. This may be 

due to the fact that the high tone was a level tone with a slight 

f0 rise during the second half of the tone.  In sum, the Thai tones 

produced by the ASD group were acoustically different from 

the TD group. 

5. Conclusion 

This research revealed the different acoustic characteristics of 

the five Thai tones produced by the TD and ASD children. It is 

hoped that this research will shed light on other future research 

in ASD, speech perception, and communication for specific 

speech therapy.   

6. References 

[1] Al-Qabandi, M., Gorter, J.W. and Rosenbaum, P., “Early autism 
detection: are we ready for routine screening?”, Pediatr., 

128(1):e211-217, 2011. 

[2] Manning-Courtney, P., Murray, D., Currans, K., Johnson, H., 
Bing, N. and Kroeger-Geoppinger, K., “Autism Spectrum 

Disorders”, Curr Probl Pediatr Adolesc Health Care., 43(1):2-11, 

2013. 
[3] Normand, M.L., Boushaba, S. and Lacheret-Dujour, A., “Prosodic 

disturbances in autistic children speaking French”, in P.A. 

Barbosa, S. Madureira and C. Reis [Eds], the Proceedings of the 
4th Conference on Speech prosody 2008 Campinas, Brazil, 195-

198, 2008. 

[4] Shriberg, L.D., Paul, R., McSweeny, J.L., Klin, A., Cohen, D.J. 
and Volkmar, F.R., “Speech and prosody characteristics of 

adolescents and adults with high-functioning autism and Asperger 

Syndrome”, J Speech Lang Hear Res., 44:1097-1115, 2001. 
[5] McCann, J., Peppé, S., Gibbon, F.E., O'Hare, A. and Rutherford, 

M., “Prosody and its relationship to language in school-aged 

children with high-functioning autism”, Int J Lang Commun 
Disord., 42(6):682-702, 2007. 

[6] Cleland, J., Gibbon, F.E., Peppé, S.J., O'Hare, A. and Rutherford, 

M., “Phonetic and phonological errors in children with high 
functioning autism and Asperger syndrome”, Int J Speech Lang 

Pathol., 12(1):69-76, 2010. 

[7] Eigsti, I.M., de Marchenaa, A.B., Schuha, J.M. and Kelleyb, E., 
“Language acquisition in autism spectrum disorders: A 

developmental review”, Res Autism Spectr Disord., 5:681-691, 

2011. 
[8] Grossman, R.B., Bemis, R.H., Skwerer, D. P. and Tager-Flusberg, 

H., “Lexical and affective prosody in children with high-

functioning autism”, J Speech Lang Hear Res., 53(3):778-793, 
2010. 

[9] Hubbard, K. and Trauner, D.A., “Intonation and emotion in 

autistic spectrum disorders”, J Psycholinguist Res., 36(2):159-
173, 2007. 

[10] Seung, H.K., “Linguistic characteristics of individuals with high 

functioning autism and Asperger syndrome”, Clin Linguist Phon., 

21(4):247-259, 2007. 

[11] Schoen, E., Paul, R. and Chawarska, K., “Phonology and vocal 

behavior in toddlers with autism spectrum disorders”, Autism 
Res., 4(3):177-188, 2011. 

[12] Fine, J., Bartolucci, G., Ginsberg, G. and Szatmari, P., “The use 

of intonation to communicate in pervasive developmental 
disorders”,  J Child Psychol Psychiatry, 32(5):771-782, 1991. 

[13] Baltaxe, C., “Use of contrastive stress in normal, aphasic, and 

autistic children”, J Speech Hear Res., 27:97–105, 1984. 
[14] Baltaxe, C. and Guthrie, D., “The use of primary sentence stress 

by normal, aphasic and autistic children”, J Autism Dev Disord., 
17:255–271, 1987. 

[15] Kanner, L., “Autistic disturbances of affective contact”, Nervous 

Child., 2: 217–250, 1943. 
[16] Kanner, L., “Follow-up of eleven autistic children, originally 

reported in 1943”, J Autism Child Schizophrenia., 2:119–145, 

1971. 
[17] Khouw, E. and Ciocca V., “Acoustic and perceptual study of 

Cantonese tones produced by profoundly hearing-impaired 

adolescents”, Ear Hear., 27(3):243-255, 2006. 
[18] Liu, H.M., Tsao, F.M. and Kuhl, P.K., “Acoustic analysis of 

lexical tone in Mandarin infant-directed speech”, Dev Psychol., 

43(4):912-917, 2007. 
[19] Gandour, J., Ponglorpisit, S., Khunadorn, F., Dechongkit, S., 

Boongird, P. and Boonklam, R., “Lexical tones in Thai after 

unilateral brain damage”, Brain Lang., 43(2):275-307, 1992. 
[20] Gandour, J., Potisuk, S., Ponglorpisit, S., Dechongkit, S., 

Khunadorn, F. and Boongird, P., “Tonal coarticulation in Thai 

after unilateral brain damage”, Brain Lang., 52(3):505-535, 1996. 
[21] Onsuwan, C., Duangmal, J. and Panpraneet, P., “Production and 

perception of Thai lexical tone and intonation in children”, the 12th 

International Conference on Thai Studies. University of Sydney, 
2014. Online: http://sydney.edu.au/southeast-asia-

centre/documents/pdf/onsuwan-chutamanee.pdf, accessed on 28 

April, 2014. 
[22] Roengpitya, R., “The variations, quantification, and 

generalizations of Standard Thai tones”, in M. Ohala, P. S. Beddor 

and M-J. Solé [Eds], Experimental approaches to phonology in 
honor of John Ohala, Oxford University Press, 270-301, 2007. 

[23] Wong, P., Schwartz, R.G. and Jenkins, J.J., “Perception and 

production of lexical tones by 3-year-old, Mandarin-speaking 
children”, J Speech Lang Hear Res., 48(5):1065-1079, 2005. 

[24] Gandour, J. and Dardarananda R., “Identification of tonal 

contrasts in Thai aphasic patients”, Brain Lang., 18(1): 98–114, 
1983. 

[25] Grossman, R.B., Bemis, R.H., Skwerer, D.P. and Tager-Flusberg, 

H., “Lexical and affective prosody in children with high-
functioning autism”, J Speech Lang Hear Res., 53:778-793, 2010. 

[26] Hart, J.T., “Differential sensitivity to pitch distance, particularly 

in speech”, J Acoustic Soc Am., 69 (3):811-821, 1981. 

[27] Ohala, J.J., “Speech perception is hearing sounds, not tongues”,  J 

Acoustic Soc Am., 99 (3):1718-1725, 1996. 

http://sydney.edu.au/southeast-asia-centre/documents/pdf/onsuwan-chutamanee.pdf
http://sydney.edu.au/southeast-asia-centre/documents/pdf/onsuwan-chutamanee.pdf

