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An acoustical analysis of speech of different speaking rates and genders

using intonation curve stylization of English
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ABSTRACT

An intonation curve stylization was used for an acoustical analysis of English speech. For the analysis, acoustical feature

values were extracted from 1,848 utterances produced with normal and fast speech rate by 28 (12 women and 16 men) native

speakers of English. Men are found to speak faster than women at normal speech rate but no difference is found between

genders at fast speech rate. Analysis of pitch point features has it that fast speech has greater Pt (pitch point movement

time), Pr (pitch point pitch range), and Pd (pitch point distance) but smaller Ps (pitch point slope) than normal speech. Men

show greater Pt, Pr, and Pd than women. Analysis of sentence level features reveals that fast speech has smaller Sr (sentence

level pitch range), Sd (sentence duration), and Max (maximum pitch) but greater Ss (sentence slope) than normal speech.
Women show greater Sr, Ss, Sp (pitch difference between the first pitch point and the last), Sd, MaxNr (normalized Max),
and MinNr (normalized Min) than men. As speech rate increases, women speak with greater Ss and Sr than men.

Keywords: speaking rate, intonation curve, pitch range, pitch slope, pitch distance, stylization of pitch
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Figure 1. Automatic stylization of intonation curve by Momel
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Figure 3. Measurements of pitch point range (Oh, 2014a)
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Figure 6. Intonation features from a stylized pitch curve

o o i Al zpol(4
L alaze) 2w < Fosl AolE ATHE T
a7t Jdot a2#HA Max®t Ming 3 EA9 mx £9Y
(Median pitch value)#2] =}o]Z AFF8}3F MaxNr# MinNr<
AL TS dRF o E AR EE HAPED X9

BA



[00]
N

Mol Aol o] Rl AT AR 3| VY] A&
@A FhS(outliers)e] S 2 7] wEo) Ayt B8
ek B4 AFtol 22o] a1 Y THForsell, 2007, ©1AH &
4, 2011).

=]
o

ot

o

3. 2% 8 24

F B SAFE AUOR 1P| 23

4k B3 PAWE B3, BE

A (syl/sec) = AlAFste]
shat F 3k A(EU)S B 8102 sty 29 24
TE FEHHFE S EAMRX(ANOVA)S A3t

w3} 2ol wl @8 £55 BAsE wE Bl Hi

5.81syl/seco] L BF L5}o] P& 4.90syl/sec AT S
Fre FAHSE Fogt o7t e AR JEFRTHE(,
78.009), p<0.001, np™=0.170}(<LH 7> <X 1>). 7|& A7l
n2E B8l 5 AolE WA s HA #E £E Ao
(Just Noticeable Difference: IND)7} 5%% H.3E 3 9 THQuené,
2007). £ ATl ARgE wE dsiel BEF sl Aole
091syl/sec24 BGE W35 7|F2E 5% 0.25syl/secETt &
zfolE Holil glom g QIAAH FHAAE F U3&ET= A}
ol7F Stk T 4 itk

T 3 Aol whet 33 L8 ZA8H
T2 530syl/sec, B39 He2 S54lsylsecEA + JHe &
Aoz Fodt Aol7h Q= AoE YERGTHE(, 5.647),
p<0.05, np?=0.003]. ZL#Y} EFT7(effect size) HolA HH,
wspalo] M el &59| 2ol(n,’=0.170)2 ot el u}
e} 59| 3po(n,’=0.003)7F R oha T 4 gl
A& BHAME F A} FHot 2k Zol<l 0.11syl/sec= o
3l &2 7|20 2 5%2 0.27sylsecht) Fong wa}
T atolg WA dte Ha U3t S5 Afo]UND)dl X v

2
Lo
ol

3

B oox o

&

sl A T A Joe FeAee SAHCE 79
FATHF(L, 21.510), p<0.001, n;=0.012]. 1A A} =17] HolA
= ARl g wske] Afolrtt Ak I EE T 2
o] WA EZ rolA Hid ] ApolE BAT vt ok

R aslol] A i 2l £x9f AolE HH oA
9] P2 4.73sylisec, ‘B3 HHF2 5.06syl/secEA FA XS
2 Fog Aolrt e AR YEFGTHE(L, 29.719), p<0.001,
np’=0.031]. o] Wl F Fe] 2}o]el 0.33syl/secE WI&EET}
§ 2 9N E 71F22 5% 0.25syl/secETt AEZ UX|
2 AHNME RE &5 v Yo w3} &5 o]zt oAy
o @ & F Utk £4 A vehd o449 wsrt JdA
o sl B} ¢ (=d) e 7€ AFdAE Ead bt
ATHByrd, 1992; Whiteside, 1995; Sandra & Whiteside, 1996;

_I_4

YAcI2t SH0E HMed M4s (2014)

Whiteside & Hodgson, 2000, Fitzsimons et al., 2001). &3+ ©]&]
g AL Ao FART W T Sl 1 FAE JHA
= o] . oA AIHE 5by] W] AH wEe
dol7} dojxe AR AHAYEQrHSandra & Whiteside,
1996).

S, W dslel] HASiA P isl £x9] o5 B
o9 Hi2 587syl/sec, FHQ 2 5.76syl/secEA T4
g ApolQlEtt FAM R Yurt fle AoE UERTHE(,
2.181), p=0.140]. 122l F 9 zto]dl 0.11syl/sece ‘H4
S 7IE0 R 5%S] 0298 T A2 Zlo g Yeh we) &&= A}
ol& /A she Hi B L= Zo]IND)ol E HR=
,% Q) olr,].

A

# syllables/sec.
EEE 23}

A

)

N syllables/sec.
HE %3}

5\

o

2
ox
of
0

a9 7. 43 el e 2E s 5 g skl B
18} 4% (syl/sec)
Figure 7. Average speech rate (syl/sec) of all speakers and
male & female speakers according to speaking mode
(fast vs. normal)
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Table 1. Average speech rate (syl/sec) of all speakers
and male & female speakers according to
speaking mode (fast vs. normal)
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Table 2. Average percentage of pitch point movement time,

pitch point pitch range, pitch point distance and average of
pitch point slope according to speaking mode (fast vs. normal)
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Figure 10. Average percentage of pitch point movement time,
pitch point pitch rage and average of pitch point distance

oAAHETH W g ko] Y Aol o wElA WA
HAZINEE 719 P/} ZolA| 1L Pro] AA AL o2 <laf o]
E9] AFHA PdE AAA Hoh<2¥ 10>, <& 3> #=F). &
3} A 7 sk Fdhe] s hg-2 PF(1, 3.699), p=0.054],
PrF(1, 1.394), p=0.238], Pd[F(l, 2.837), p=0.092], Ps[F(l,
0.069), p=0.792] EFollA Fefm]stA] egket



84

b
w

CFY Bk IAZRJE o] FAIZE, A ZIJE X HH
WEEF o] wE AAZRIE olF AT Ft

Table 3. Average percentage of pitch point movement time, pitch

point pitch range and average of pitch point distance

Pt Pr Pd
4 12.02 25.69 29.98
EFEQat 0.10 0.26 0.25
b2aes 12.54 28.33 32.45
®F 0.08 0.23 0.22
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Figure 11. Average of sentential pitch range, sentential pitch
slope, time between the first pitch point and the last pitch point
according to different speaking modes
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Table 4. Average of sentential pitch range, sentential pitch
slope, time between the first pitch point and the last pitch
point according to different speaking modes

Sr Ss Sd
w2 dks) 102.67 45.44 1.64
FF2x 0.79 0.45 0.02
BE w3} 122.66 33.31 2.36
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Max of fast speech')
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Tabel 6. Correlation coefficients between 'Max of normal
speech' and 'Max of normal speech minus Max of fast
speech' for men and women

4 A
Pearson “g-A|5 0.527(**) 0.649(**)
TEE (¥ p<0.001 p<0.001
sl A 396 528
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p<0.001, 1>=0.008], MaxNr{F(1, 86.188), p<0.001, ny>=0.045],
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Figure 14. Average of sentential pitch range, sentential pitch
slope, pitch difference between the first and the last pitch point
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and time difference between the first and the last pitch point
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Table 7. Average of sentential pitch range, sentential pitch
slope, pitch difference between the first and the last pitch point
and time difference between the first and the last pitch point

Ll Sr S Sp Sd
g (mel) s (mel) (sec)
o8 Hd 132.74 45.42 83.82 2.06
BFoxt 0.79 0.44 272 0.02
@ B 92.59 33.33 60.50 1.94
BFoxt 0.70 0.39 2.35 0.02
400 100
300 80—
200— :[ 60 I
100 40— I I
I | Mel
Mel o4 A ¢ oA L

a3 15 9 329 Max, Mid(E9%), Mine H(EhH3
A7t3F B MaxNr, MinNr2] (%)
Figure 15. Average of Max, Mid, Min (left) and normalized
MaxNr & MinNr (right) obtained from male and female
speakers
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HAgMax)©l HEFMinET FIFHMidlA 4 o 2
oA Qth= A& uFTH<E &> F=x). EIF A HAWH
A7 FAET Ate A & 5 Atk 53], SaT Aol
2 st Fol= o449 MaxNr# MinNr & o 249
MaxNrZ} MinNrB20h 2 & 2 7 o 449 Sr3 Ss7t &
AT 2 WA FolB TR B 71 ATelN o4 2
3t FA WL} AFAe] EA IR © Ate B
wW2hs 7o) dl= ZAIo]tiFitch & Holbrook, 1970; Hudson &
Holbrook, 1981; Stoicheff, 1981; Graddol & Swann, 1983; Daly
& Warren, 2001).

YAcI2t SH0E HMed M4s (2014)

F 8. FY 3HAe] Max, Mid(SY#), Min®] B+#(ZhH3
A3} B MaxNr, MinNr2| (%)

Table 8. Average of Max, Mid, Min (left) and normalized

MaxNr & MinNr (right) obtained from male and female

speakers
3 o 14 4
mel 3sh 32h
Max 364.26 238.51 95.86 60.69
Mid 288.76 186.73
Min 232.08 146.20 68.09 45.99
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Figure 16. Average of sentential pitch slope, pitch difference
between the first and the last pitch point, time difference
between the first and the last pitch point according to different
speaking modes and genders
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3 9. EEPAF) Ho mE e HX7]e7,
3\5‘H9]r npA et YA ZRIE 9)A] Zpo], A e} npA| e}
A ZJE 3t AR Ht
Table 9. Average of sentential pitch slope, pitch difference
between the first and the last pitch point, time difference
between the first and the last pitch point according to different
speaking modes and genders

Ss Ss Sp Sp Sd Sd
we | nE | wE | 2% | wE | uE

Sk 5427 | 36.55 | 89.00 | 78.65 | 1.67 | 245
EFexk | 081 047 | 384 | 384 | 0.03 0.03

@A 36.54 | 30.08 | 5722 | 63.77 | 1.62 | 226
®Eex | 071 | 042 | 333 | 333 | 003 | 003
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CSLU's Phonetically Rich Phrases - 9 sentences in total
(s01) If it doesn't matter who wins, why do we keep score?
(s02) Stop each car if it's little.

(s03) Play in the street up ahead.

(s04) A fth wheel caught speeding.

(s05) It's been about two years since Davey kept shotguns.
(s06) Charlie, did you think to measure the tree?

(s07) Tina got cued to make a quicker escape.

(s08) Joe books very few judges.

(s09) Here I was in Miami and Illinois.

TIMIT Sentences - 24 sentences in total

(s10) She had your dark suit in greasy wash water all year.
(s11) Don't ask me to carry an oily rag like that.

(s12) A boring novel is a superb sleeping pill.

(s13) Call an ambulance for medical assistance.

(s14) We saw eight tiny icicles below our roof.

(s15) Each untimely income loss coincided with the breakdown of
a heating system part.

(s16) Je thought you argued in favor of a centrifuge purchase.
(s17) The sermon emphasized the need for armative action.
(s18) Kindergarten children decorate their classrooms for all

holidays.
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(s19) Cory and Trish played tag with beach balls for hours.
(s20) The frightened child was gently subdued by his big brother.
(s21) The tooth fairy forgot to come when Roger's tooth fell out.
(s22) Alice's ability to work without supervision is noteworthy.
(s23) Special task forces rescue hostages from kidnappers.

(s24) If Carol comes tomorrow, have her arrange for a meeting
at two.

(s25) Military personnel are expected to obey government
orders.

(s26) Laugh, dance, and sing if fortune smiles upon you.

(s27) The fish began to leap frantically on the surface of the
small lake.

(s28) The easygoing zoologist relaxed throughout the voyage.
(s29) Brush res are common in the dry underbrush of Nevada.
(s30) How much will it cost to do any necessary modernizing and
redecorating?

(s31) Was she just naturally sloppy about everything but her
physical appearance?

(s32) Is a relaxed home atmosphere enough to help her outgrow
these traits?

(s33) The same shelter could be built into an embankment or

below ground level.
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