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A corpus-based study on the effects of voicing and gender on American English Fricatives
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Abstract

The paper investigates the acoustic characteristics of English fricatives in the TIMIT corpus, with a special focus on the
role of voicing in rendering fricatives in American English. The TIMIT database includes 630 talkers and 2,342 different
sentences, and comprises more than five hours of speech. Acoustic analyses are conducted in the domain of spectral and
temporal properties by treating gender, voicing, and place of articulation as independent factors. The results of the acoustic
analyses revealed that acoustic signals interact in a complex way to signal the gender, place, and voicing of fricatives.
Classification experiments using a multiclass support vector machine (SVM) revealed that 78.7% of fricatives are correctly
classified. The majority of errors stem from the misclassification of /6/ as [f] and /3/ as [z]. The average accuracy of gender
classification is 78.7%. Most errors result from the classification of female speakers as male speakers. The paper
contributes to the understanding of the effects of voicing and gender on fricatives in a large-scale speech corpus.
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RSS2 AIRERE ol A 25 FAlel Hst
TEEEE T Yol A of F2 RO ® IS vk A%E —)F of 3hd 4 ok Aol MEs —’F‘?}f‘i} 4 mhEEol 7HA=
Histo] whzo] A= A Folth 74 W] 2 5 Tl W B S-S Beste w718 S5t welA A, 771
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o] gafe] shait=vl, o] MRI 17014 3] oyt of]eh
o] dolgh HolF Zsteich AMA R B Aol
A, fgrhgel 7y vk gt gold 4343
78] A7t 5= 1 Ao w AEFHSIT ol E Eo, 3 3k
o] 7% 22 A=7F = 0.55 em, v/ 0.66 cm, /6/ 0.89 cm, /0/
= 1.01 cm, /s/i= 1.4 em, /z/ 1.75 em, /f/= 2.08 cm, 12] 1 /3/=
224 em® S H QI B8k Q1] Hu {4 whEgol
54 npeo] vlal B 2 70w BREY, o)t ol
< (tongue root)®] AXIE O] HIX| 7] WO R o AXITH
(Narayanan et al., 1994, 1995).
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A
h(variance)©] Bl A= g &s] 1 ¢ 9lo
9l &= (negative skewness) ¢} BTt 71 Z ©](duration), 72|31
o= v 2 A (amplitude) E 7HA 3L SATFAL K (Maniwa er al.,
2009).
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Figure 1. An example of a sentence 'She had your dark suit in greasy wash

'She had your dark suit in greasy wash water all year'
water all year'
TIMITS & 87119] Wl Ao Q= v sabs9] weks

gz ek 8709 Wl 2142 1) New England, 2) Northern, 3)
North Midland, 4) South Midland, 5) Southern, 6) New York City, 7)
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Western, 8) Army Brat (moved around)= A3 3tch Zrl = g)
Army Brat: A9 4] 5/Jo] AFshA] @i o & Eohrhy]
= wRlEo] Fofsigivhs A3 @A | F 33k Feisksl
O A O% QI8) & =2elA e ol s Az S/ kel o
Sh A4S Al ST <3 1> A S Y] S A S
f1ated, TIMIT FH2olx A4 whzkg /7, /8/(=/h), /s/, [f]
stk 548 vHES W, [0=dW), 12, 1500y E FES B
TE W oA o= FEato] AlATskITh

F 1. 80 e 74 vhEEe 2
Table 1. Distribution of fricative phones by gender

Variables | /f/ v/ /6/ /0/ /s/ /z/ /f/ /3/
Male 912| 716| 285 |1,850|2,014| 952| 839| 63
Female 370| 287| 101 | 746| 822| 377| 357| 24
Total |1,2821,003| 386 |2,596|2,836|1,329 1,196 | 87

<3 1>oA = TIMIT ZH AL B F shuE Ao =2 |
oF 1 e, ol A e X0 By 40 wE
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oS AL 416 0] = whd, oA A= 192 T 94l 9)
Army Brats] 3}4} 1178 #| 213 1817 7k Atk B3t /5/7} 2,836
NE 7P B ES 75 7H= W, /7 33 63718 014
2470 3 87718 B wholl HA| eki=t}h 1 9| TIMIT ZH A2
EAOZ 5ol A tlFE 2009k 300 Q] Wl Eo] 5

3l '35 8 (read-style) F 3 A~2hal & 4= Ut
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(Skewness), (5) Ao “J=(Noise intensity) S F=E3I3Th o
AH el 7K AFER RHEAANET] A} Syl s
o] H+f, Wol, %, L) (Forrest et al., 1988; Jongman et al.,
2000)°1 SJafiA 8 = glon, o] SFAAEL FA4 npE
=% A rEEES s dE o] 8@t Maniwa er al.,
2009). vhE2] dolet A 22 A 2 Y AE B
o] tkal &l A Sk F&E A FEEE A A5 Hsh=t
#edo] 9 thBaum & Blumstein 1987; Behrens & Blumstein
1988a, 1988b; Crystal & House 1988; Jongman et al., 2000). %=3F
Aol e Wol B85 AL Al 2lE 3 #eo] §)
oo #dsk (6) =5 A Zd v]&(fraction of locally
unvoiced frames)¥} (7) LFuke} AFup ko] oUx] X}
(energy difference between high-frequency and low-frequency)%}

e 2 AU FEH] B0l AL,

=
=y

Praat(Boersma & Weenink, 2015)2] A~ HYE 755 o]-23) ¢
oA AHs AAES FE5te] AE Y9AE sl w At
A om 2 ghEo] A7E §AE 942 R(R Core Team, 2015)
¥} o] =2 730 0] o] )| 7|X]S(dl, pastecs, ggplot2, arm, el071,
kernlab 5)= o]g-3to] FA B4 AlZtsle] o] g8ttt 1
9] MeATrol| A= o] HUARE 2 =FolA = A &
< ST BEE Atk dE B9, FYsE ES A1E AA
o] F2 3= w59 F3ol et TS vteve d74An
(Wagner et al., 2006; Jongman et al., 2000)7} QA Tk & =F-of A

TR gl
3.4

3.1. v}z 45-2] Zo](duration)

Jongman et al.(2000: 1255)°]| wk= A v}z 48-9] Zoli=
I ESS RS 2Y 5= Qv g o)=Y
/s, [7HA O/RTHE ] 70 b A8 RS 7EA AL Q7]
o]t}. Behrens and Blumstein(1988a)<- /s/2} /ff AFo]oll= Zo] 9]
zto] 7} 9l Wha, /6/9) /15 Bl skel S wl, /07 /R o] F
2 o] &S B} ok FA vpEgo] g 74
whzkg-of v]3s)] Zo](duration)”} A TH= Maniwa et al.(2009)%]
AT AT Utk v <19 2> B SellA] dEE £

2 vhEEo) it Yol S P EE THstel wolF gint.

Duration by Gender

gender

120~

Duration (ms)

f v th dh s z sh zh
Fricatives

29 2. 7H 73¥e) Ao
Figure 2. The duration of the fricative portion

Maniwa ef al.(2009)2] A" A&} vpz7pA &2, & Aol A
Hh2] o 2 FLAJ mhakg-oll s /1, /6 (th), /s/, /ff (sh)7}
of| d k= i, Bi(=/dn), 12/, 13/ (=/zh/) Bt B A7
< <3 2>5 B3 AFEE 5 vk < F 2>0lA
o7 thE mESRUE A4 O FA U3EHE
T A, o] & o] R
k<=7t the, they, their 53 22
(function words) = -3 & o] 917] W+ o & et}

whak 2g2] oo tish o] Y- AKtwo-way ANOVA) 4 2]
A= v AT, 10,699)=2,740.7, p<.001, n*=0.64]3} A
H[F(1, 10,699)=63.1, p<.001, *=0.005]°1| w2 5= ¥K(main effects)
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7F e, A upasg 58 7He] %288 interaction
effect; F(7, 10,699)=7.08, p<.001, ’=0.004] %= Z+Z- ). Tukey A}
T A5 AldolA mhEE] £33 Bt A= 28} 1y A}OI
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N
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85t A8 5 Ak 2 A Ath(Gordon er al., 2002). 2
AP EHE #%E T (1) FATH, ) A8 3) A=
w4 AIHE ool 71Eatgivh

3.2.1. FA] Z4(Center of Gravity)
A TS A ER A W Fa ] oA Fo] H&
T e oA i 2A H= FIke ghell gk ik
A sk kA, 153} oA & Wo] 23T miRSES
Al &4 kol &A1 4732 F o] tK(Forrest et al., 1998). ©] 2§t ©]
=2 Qlel, A Z&5o] RIAZZHT A F41] ghol A et
Wt} Jongman et al(2000)2 AFETLY] EX] Zh(Spectral
peak)©] B Z52] 5ol 742 2ol & Wa|=d FA)
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=o] AL A7 FA Y WRT FA FA4E] gho] stobxitk
EAE <T¥ 3>5 A #EE S Qlvk dH A3 Ee) dish
Fo0 97 BIA 25 AR AvkE e <

Center of Gravity by Gender
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Fricatives
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Figure 3. Center of gravity
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Dispersion by Gender
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1600 -

Dispersion
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f v th dh s z sh zh
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Figure 4. Dispersion

Akl tigh o] gt iktwo-way ANOVA) 41 2] A3+ v}
2 FIHFT, 10,699)=639.07, p<.001, n*=0.29]13} AH[F(1,
10,699)=73.7, p<.001, n’=0.006]°1 Lﬂr~ 5+ & YH(main effects)7} )
o, AM3y} 25 YA 7HY % 2H-E-a Yinteraction effect;
F(7, 10,699)=19.3, p<.001, n*=0. 01] FEE T Tukey AFE 5

Aol whEE- o] 3 3 F st M= o/ 5/ Abel, 1]
13/} /s/ Atol ol A RE f-&Ju] gk 2po| & Ho| ] ¢koprt vhE vk
o A5 AU AE 2 25 9IA BEelA o] gh &)
12 5ok Ao w2 3-8, /61, 10/, /f), 13/ 2] PRS-
ou| gl 2to] & Bo|X] QYA v/, /s, /2/9] 73-5-ellRt A o] &

ol 3k 2jo) 2 714 gk,

O

{o

10 Yoon, Tae-Jin / Phonetics and Speech Sciences Vol.10 No.2 (2018) 7-14



3.2.3. ¥ =(Skewness)

gt AHEYe) Fokrort s vy YEg
T Aol 2SS Fite FHL2 A 3
$ T 09 RS 7Y, NESt §5D Ffele Fog

9 & 71, Tk i

A5 g ek 125 T FAESE =7t g
N AFE Hola glom, o= AFEGAS] Faprtle] oy
A7 B gkt 455 2 Tkl ¥ wol s 9L
the 2le etk 225 5 A759] - w2 59
AT 7P, ol =2 FETlRl S R e of
UAZFYE o) s o vk s YRtk <19 555

3 e = lzel, Hies ol mEkA & AlolE iol

J H}%—%%:A = #hol ¥ 3=

gender
4- x —F
—M

Skewness

Fricatives

I95 9=
Figure 5. Skewness

o] th3t o] AEAK(two-way ANOVA) 419 A 3= n}
& F3[F(7, 10,699)=2,027.12, p<.001, n*=0.5713 A H[F(,
10,699)=275.07, p<.001, n*=0.02] oﬂ w}é 5 7Hmain effects)”}
Qlom AWy 235 9X] 7+ Ab% 28§ YHinteraction effect;
F(7, 10,699)=65.2, p<.001, N*=0.04] = J&%}%E} Tukey AFF 75

AlelA mhkgo] 33 ddstolx = /68 /7 Aol el ARk
fFeJn)gt Fo] & HolA] ¢ a’}oﬂi ‘ﬂr—* Pé 13 WEE *éﬂ% z

o = [ —
TR 2 YA B

739 11, W1, 1819) 735 e w8t 2o 1%— o]%] ‘{’éib:}.

3.3. vhz G-712] 7} 5 (Intensity)

o) AEs e AFES FA vhESol £ nhEs
Hroh dubA o w AErk o Mvkar $s|a Qlok A bR
Aol & &2 Apol= gl Ak oz X245l /5/9)
[7F M 229 /el 0BT A7 B4 Frhs Jlow o

#] 2 tHBehrens & Blumstein, 1988a, 1988b).
<I% 62 A g A5k Fglo] dnta e 2 x|z
o] HIAAS R A7) Hrhes AS HojFal Qi)
= NTA= ki N B =l R ] B e =

AT AR5 48 4 vhgnrks

[e)

o
o7}
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>

>
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=

=
)

i

Intensity by Gender

Intensity
»
&

gender

40- —F

=M

f v th dh s z sh zh
Fricatives

J9e6 v &gl F=
Figure 6. Intensity of the fricative noise

HZ-5 3 2 2ds oA 22 15l S8k viEdeE
Z 2R = Grhal ski=dli(Jongman et al., 2000: 1254), &
o] TIMIT Z3 2~ = ZHE i) oA Za, %] 2

o uA A RThe £ & RS 7, u] 12 ) F vl
25 FHES FEE A T o) AlRshE A ekgk
B2 2] 7ol gk o] SH-AKowo-way ANOVA) 29| 2

= vbES FE[F(T, 10,699)=1,168.43, p<.001, n*=0.43]3} A8
[F(1, 10,699)=112.5, p<.001, r] =0.01]°] h2 =& YH(main effects)
7F e, A 25 $14] 112 735 288 Hinteraction effect;
F(7, 10,699)=14.7, p<.001, n>=0.009]%= #+Z-Et}. Tukey A 7
= Ao vpE-go] §3 3 st = 0/} /1, 18 AL /7
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Unvoiced Frame by Gender

gender

Unvoiced Frame

f v th dh s z sh zh
Fricatives

297 vhE Frke) 5 54 Zele) vl g
Figure 7. fraction of locally unvoiced frames for the fricative portion

4 2 v)&ol thst o] i Ak(two-way ANOVA) 4 2
A= vlES S-8H(7, 10,699)=1,444.89, p<.001, n*=0.48]3} A=
[F(1, 10,699)=15.39, p<.001, ’=0.001]°]| t0-2 ==& ¥K(main effects)
7} Qlom, e nhas 58 11 & 28 & Hinteraction
effect; F(7, 10,699)=15.82, p<.001, ’=0.01]1% ¥Z Itk Tukey A}
T AT AN GolA nhESe] {33 d-sto A= /s/9} ) Aol
21231 2/ 9} 3/ AFol e AR -2l u] gt 2fo]E Ko A gk om,
U8 3 A5 Al A 7 2 23 93] Rl &
oJuj gt 2ol & HTt. /A TS A= v e st
ztol & Kol RbA, o+ & mpE-S- 521, /61, 10, I8/, 12, If], 13/)
ou| gl xfo] & Ho|x|= sk

3.5. LG 9p oF A F k21 o #] 2jo]

B w=ellA kel AF e 219 ouA] Aol & Tk
HFA]-2- 4,000 Hz S 7155 2.2 4,000 Hz4-E] 8,000 Hz7HA] 2] 531}
] oA F gl A 4,000 Hz 0] 8+2] F3kt] ofu#] <] &
el ghs A e AL TIMIT 2340 it 55 59

“F(sampling frequency)+= 16,000 Hzo|th. <19 8>of|A] T2
Zol, AFr] A oA ATk A& Wl oA
Z}o] (Energy Difference) ] k- thl| 2] 0.2 v X &-5-9] A9 &

7L AR S G kg AT,

Energy Difference by Gender

5000~

Energy Difference

-5000 -

f v th dh s z sh zh
Fricatives

a3 8. Ay =}
Figure 8. The energy difference

o WA 2SO B, AT A Gol 1

th o] AGA TR B Avh= Zs vehli, 259 A5 5

3] /s/9} 1279] A1 A o2 uFvlEto] oUA|7} o] By
o] Qlth= A1 o= st dd o A9, $217 mhEae] A9
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