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A study of the prosodic patterns of autism and normal children
in the imitating declarative and interrogative sentences”
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Abstract

The prosody of children with autism spectrum disorders (ASD) has several abnormal features, including monotonous
speech. The purpose of this study was to compare acoustic features between an ASD group and a typically developing
(TD) group and within the ASD group. The study also examined audience perceptions of the lengthening effect of
increasing the number of syllables. 50 participants were divided into two groups (20 with ASD and 30 TD), and they were
asked to imitate a total of 28 sentences. In the auditory-perceptual evaluation, seven participants chose sentence types in
115 sentences. Pitch, intensity, speech rate, and pitch slope were used to analyze the significant differences. In conclusion,
the ASD group showed higher pitch and intensity and a lower overall speaking rate than the TD group. Moreover, there
were significant differences in s2 slope of interrogative sentences. Finally, based on the auditory-perceptual evaluation,
only 4.3% of interrogative sentences produced by participants with ASD were perceived as declarative sentences. The
cause of this abnormal prosody has not been clearly identified; however, pragmatic ability and other characteristics of
autism are related to ASD prosody. This study identified prosodic ASD patterns and suggested the need to develop
treatments to improve prosody.
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Table 1. The information of subjects (informants)
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Table 2. The list of sentences finalized with 2-3 syllable words
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Table 3. The list of sentences consisted of 1-5 syllable final word
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Table 4. 12 Acoustic variables used in analysis

T
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SpeakingRate, a_rate

s2_Slope, s2_meanAbsSlope, diff s2_Slope

ABv| o | dlo
b [ b b

N
o
N

1 http://blog.naver.com/cj_seong®l| A &2 &,

5. 840 o] g8 2apie] 4
Table S. Description of the acoustic variables used in analysis

=3k Hg A4
5 FYMOE Tad ol WY, Ht,
PitchMedian |ZZFHxF &4 A FHo| HA Qs Bz oA
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2.4.1. B 7}A} U] Y X] = (Intra-rater agreement correlation coefficient)
8 7R U AR 27} 9 2ot A 2] 8 HIERE glof 3
W F7kA 7Y B e E Hr U AR EE A
th A 3= 3 6ol AABHATE ZHrHAlG #kel 997, ZFaHAlT 7
©] 9060 % "% = YA EF Holw {28t tHp<.0001).

6. B/ LA = A3
Table 6. The result of Intra-rater agreement test (kappa & gamma)

385 (r) ()
Zhat 997" .000
7}3 .906™" .000
™ p<.0001.

2.4.2. 7R A =

H7HAE 2 A FEEE A7) 8l 769 vkg- dlolH e
2 F1 A#AIFACC)E TRl Ak X 79 AAIE]
th ICCE 374k 7F A1 8] =5 717 3t A T} Cronbach’s Alpha %
o] FHFE7} 988% vllf- H& AlFEE Holn {2J3qlch
[AM(99, 594)=.988, p<.0001].

7. 37 A& A3}
Table 7. The result of Inter-rater reliability (ICC)

AW ABAA| AFEL | AFE2 | FASE(ER)
w4l S5 923" 99 594 .000
B4 5= 988" 99 594 1000
™ p<.001
3. 4743

1.1, 2 E(pitch) 2}o] £
BE SERITE T FAENt foshk gortt Jda)

(%)

Rl WE EAREA Y] A & ol AXEITE 5=
W B A 4019 S5 WM 5 PitchRange(= % W 9)),
T XFHAH) S qtone 90(FHAEIE 90; semi-tone 2] 1/2
scale FFOlA] 110 HzE 7|22 S 344 259
90%ile relative pitch)o] F &3} L of] whE AT 28 7 d}of A
EAA O Z 523 Ao & KT} o]of| thal Bonferroni AF$-7
& AABto] AR oS ARG 3 92> FF
W F Al S W AR Ak 2 5 el &
HAPEE A 3 2ol & AT E"Lﬂ Uﬂ Jﬂ/ﬂ—f‘)ﬂ/ﬂ&— X}Jﬂ

— o

¥ 8. S5 M2 three-way mixed effects ANOVA A4 23}
Table 8. The result of three-way mixed effects ANOVA
on the pitch variables

By TR EEAASAE ARE F p-value

Ak 1 93.696™" | .000
PitchMedian| i 1 510 475
A< EH 1 630 428
At 1 2.298 130
PitchRange L 1 81.713" | .000
A< EH 1 68.820" | .000
At 1 1.404 236
PitchDev 9 1 70.585™ | .000
Ak 1 51.889"" | .000
A 1 18.018™ | .000
qtone_90 9 1 19.199™ | .000
A< EH 1 10.591™ .001

R 981

” p<.01,” p<.0001.

F9. 74 78 & Aol it 2= W42 Bonferroni AF-7A4 A3}
Table 9. Bonferroni post-hoc test on the pitch variables
on groups by sentence types

B =5 | "A@) | A=) [FTAEol(I-))| p-value

. . FA | ARk | A 24507 .000
PitchMedian =1 ™ o1ul | 4o | 28885 | 000
PitchRange FA | dnk | A —44. 170’: .000
o | dwk | Ay 30.520 .000

PitchDev BA | ARk | A —9.838:: .000

O | dwk | A9 7.059 .000

FA | duk | A -3.659™" .000

done 90 ore T oy | A —483 482

™ p<.01,™" p<.0001.

3.1.2. 7} S (intensity) X}o] -4
Al 2] AE WS F ntMedian(d = F943HS £ T4 3
Z7} 59 'S} ] €3k, IntRange(%d = H$1) 2} IntDev(% =
a7 SISl EAREA A ks 3 1000
A 31 q e TR Ak 1 AR R foskalon,
3L

7

A% WS R BERAE A6 B R B - R
A AFTAGANN o7 Aol S e
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=

fgol ) AT ok e 7
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W gholl A F-98H =9kt &5 F3E Aol gish e E12. 45 Hpol tha 39 £ Rd B4y A4 Ay
1¥2= 9] Bonferroni AFE74 A= ¥ 1104 2 2= 9tk Table 12. The result of @ee-way .mixe(.i effects ANOVA test
for speaking anr articulation rate
10, 2 A5l UE 39 ERwE AR 34 2} ME | FERAE=ASAE HFE]  F |pvalue
Table 10. The result of three-way mixed effects ANOVA test At 1 55-743i: 000
on the intensity variables = 1 60.671 000
. =% 9 7.029" 002
Wy [Fad = AsAs[ARE F p-value Speaking A xR 1| 31783 | .000
A 1 137571 | .000 rate xR 9 3419 | 041
IntMedian = 1 1.463 227 A3 9 2.525 092
HebxE 1 321 571 b= 9 221 992
=} 981 e 1 43714™ | .000
ek 1 29.029"" | .000 =4 1 69.309™" | .000
= 1 410 538 =% 9 8.725™ .001
=3 9 18.015” | .001 a rate e 1 28.777"" | .000
IntRange A= 1 104 754 Ll P 9 3.125 052
THxEA 9 3.360" .043 AebxE4 9 2215 126
A<= 9 712 .690 bt x4 9 244 988
A e x4 9 461 901 ozt 945
Z ek 1 16.090” | .003 " p<.05,” p<.01,™ p<.0001.
=4 1 2615 .140
s 9 10.861 | .003 i
IntDey A e | 1.020 339 ¥ 13. 54 79 ¥ Aol g £= W<=2] Bonferroni AF$-7174 23}
T xR 9 4.405" 019 Table 13. The result of Bonferroni post-hoc test for speaking rate variables
=]
; fing‘;ﬂ 3 2 2‘1‘ ;Zz 05w [ A9 [ [FEAI1) [ pvalue
- ;_i} — 945 . ) Spaking rate ikl AN 2 '218*** 007
T = o | ¢t il .520 .000
p<.05," p<.01,™ p<.0001. A | | A 17 028
anle  Ton T o | A 4687 000
1129 38 Aol 03 4= W50 Bonferroni ALEAA A P05 p<0L 7 p<000L.

Table 11. The result of Bonferroni post-hoc test for the intensity variables
on the groups by sentence types

S 5| A | AEQ) | Hd=Fol(1-)) | p-value

IntMedian FA Ak 217 —4.454:: .000
O F | Ank | A9 —4.906 .000

IntRange 34 Ak Ao -3.259™" .000
oF | duk | Ay -3.052"™ .000

. B A Ak | Ay —.905:’; .000

o F | duk | Ay -711 .000

™ p<.0001.

3.1.3. @3} €= (speaking rate) X}0| 14

U5 I (speaking rate) 9} =5 E(arate)’t A, W, i
o wE Fasl A FoI3 Aol Wi, PekEy e a
& Dol A= 2]l Bonferroni AR~ 2474 2 3.
Ao ol oF% eke] Weh 28 S17) ok ol
Aehuct BE 89 S04 BAH 0 9% Hol7} 93]
CRE GelA A ol okE Avio] mYl B

ZEEEE B 39 &3 By #AHEA 0] ATl i 129,
Bonferroni AF&774 A¥= & 1390 AASIG T AR W9

% 2 Aol 2 21T G,

= =

3.1.4. F7) vRA 9 257 S5 7]E7(slope) 2F0] £4

I SE71€7] AgE Ay Y FaveA BF 9
sl Aok Y AEEE FeME BT fodt zto
RStk Bonferroni AFFH7 A ¥, HA A 52 Slope (&1
AT 37 7187 9} diff s2_ Slope(E7] T 27 54 Wl
127 olli= 7-213F Ao & Bt} o704 s2 meanAbsSlope
(] ook AF == Ho|R) & EFHSE BE wigrox] Ant
0}5 IF°] 2 %}* Holm FAA O Z {o3I3ith FE7]
7] M49] Z}ol= 3 142] Bonferroni AFS-7378 A T}ol] A A
'5‘}9&‘:}.

=
=

\1 }ol«

N

Of

E 4 BH AEE D A 2= 7S
Bonferroni AF717g A=}
Table 14. The result of Bonferroni post-hoc test for pitch slope variables

7] el

on the groups by sentence types

H =5 [ A0 |[F =) HF A=l (1-) | p-value
FA | ARE |z 035 789

s2_Slope % [ Ak | A 15257 | 000

HaA | Ak | Ae | -73.949™ .000
O F | AWk | A | 171.55177 .000

I

s2_meanAbsSlope

o

. FA | At | A9 026 911
Diff s2_Slope o= | aut | A9 A 1000
™ p<.0001.
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