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Abstract

In addition to administering a questionnaire (J-survey), which questions individuals on subjective vocal fatigue, voice samples
were collected before and after speech-language pathology sessions from 50 female speech-language pathologists in their 20s
and 30s in the Daejeon and Chungnam areas. We identified significant differences in Korean Vocal Fatigue Index scores
between the fatigue and non-fatigue groups, with the most prominent differences in sections one and two. Regarding acoustic
phonetic characteristics, both groups showed a pattern in which low-frequency band energy was relatively low, and
high-frequency band energy was increased after the treatment sessions. This trend was well reflected in the low-to-high ratio
of vowels, slope LTAS, energy in the third formant, and energy in the 4,000-8,000 Hz range. A difference between the groups
was observed only in the vowel energy of the low-frequency band (0-4,000 Hz) before treatment, with the non-fatigue group
having a higher value than the fatigue group. This characteristic could be interpreted as a result of voice abuse and higher
muscle tonus caused by long-term voice work. The perturbation parameter and shimmer local was lowered in the non-fatigue
group after treatment, and the noise-to-harmonics ratio (NHR) was lowered in both groups following treatment. The decrease
in NHR and the fall of shimmer local could be attributed to vocal cord hypertension, but it could be concluded that the
effective voice use of speech-language pathologists also contributed to this effect, especially in the non-fatigue group. In the
case of the non-fatigue group, the rhamonics-to-noise ratio increased significantly after treatment, indicating that the
harmonic structure was more stable after treatment.

Keywords: vocal fatigue, Korean Vocal Fatigue Index (K-VFI), low band (0-4,000 Hz), high band (4,000-8,000 Hz), noise
to harmonics ratio (NHR), rhamonics to noise ratio (RNR), low to high ratio (LH-ratio)
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(Lee et al.,, 2012). o] A7 35732 9-2] &hell Qlof lojA= <t
F28 Qxolvl, AABBE FA5] 13 24 AHgo] B
ARl ARl B & 9= 713 HHKim, 2007).
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ot 735 24 9 vAlEE sk EAlol = ARk Al vls|
TshAl Hhgst 1AS Ao s %E}(Lee et
al,, 2018). &4 <] FA7} 29S §A5h= d) whal7) ¥ Al
< 2944 573 AHE-AH(professional voice user)2}al 3FCHKoufman
& Isaacson, 1991). 717, vll-9-, WAL, AL ZAE 2 Y 5] &
A4 SgAHEAR Fabe A A G9] 25%-30%S 24| g
Th(Lee et al., 2019). A2 S A= 844 Q3 754
Q2107 2lglo] 4] Holj7f WAyl 7lsAdo] &
9 7} i A0l F e S48 W
B3 o] Welol G 7 -
2R 7, B8 AE Y B 912 S 57, 4
= SH}(Solomon, 2008).
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2 pdzyyl 2pA o] 3 F S 93 o%o{;ﬂ A
2e) Frabh Best it naAee) g 5 4T 5
Be AAAE A1 &4 AHgol AL ehTHKim & Choi,
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v T FA T FHEC] 6L.6%E THE ATl vlEl =
H(Song & Pyo, 2010).
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& ZE Wo] ereﬂ S 5otz kel s =7 5745
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2.1. A5

2 A ol - T A9 AR oA s Aol sk 9
=20 - 30th o oA EAES H e APl A
A Aol A 8l i) obg s o 5
(1@) 20317 o1, = T 4317] o) AmE AAstal 9l
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Table 1. Acoustic parameters used in analysis
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Sustained vowel
(resonance)

B1 (1st formant’s bandwidth)

B2 (2nd formant’s bandwidth)

B3 (3rd formant’s bandwidth)

f1_dB (1st formant’s energy)

f2_dB (2nd formant’s energy)

f3 dB (3rd formant’s energy)

Sustained vowel
(perturbation)

HNR (harmonics to noise ratio)

NHR (noise to harmonic ratio)

jit_local (jitter local)

shim_local (shimmer local)

Sustained vowel
& connected
speech
(prosody)

fO (fundamental frequency)

Q-tone (quarter tone)

intensity (dBSPL)

sd_int (standard deviation of intensity)

Sustained vowel
connected speech
(spectral & ceps-
tral parameters)

Cepstrum

CPP (cepstral peak prominence)

CPPs (smoothed CPP)

RNR (rhamonics to noise ratio)

Spectrum

skewness

COG (center of gravity)

LH-ratio (low to high ratio)

slope_ltas

tilt (=spectral slope)

offset (=intercept)

lowE (low energy, 0—4,000 Hz)

highE (high energy, 4,000—8,000 Hz)

entireE (entire energy, 0—8,000 Hz)
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A7 5 242} =81 /ol A% 237 vt
A gy Praat(verswn 6.1.05, Netherlands)
Atk B5 /o] A ke F4AL
2 2xE d¥z oz BAsl] XHE °1]L17<]9]r A
7253 (10),
semi-tone 2] ARkl 3l F5H= quarter-tone, 7%= ©l| 14 X (intensity)
9} 2 & A5 ET B &, LH H]E, spectral tilt o} 2> 2~
EF oyA] Fx9} A AFES SHUTHEE STH
73R o/ 9] Wato|mw YL Fukr= vk
(floor) 100 Hz, 7 #k(ceiling) 500 Hz 371 2] autocorrelation &
N EOE AEEE I, THE MBS U3 5,500 Hz/5
N EHE ZAM F5H3FA 01 Pascal G =E SHE THE
o= 3k 2] (1) ©]-8-3to] dBSPL#L .= W &3l Tt

jitter, shimmer, harmonics to noise ratio, 2]l

S B TA

Formant.Pascal

Formant.dBSPL =10 X< log,, 5
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500 Hz 2714 pitch 71A S B3 5, o] 2 1 FEXR
*ﬂ/‘[pomt process (co)] 7WAE A dskar AR-E 7iA €} ol &
A A, ZJAEZZ A X HAE 5 ©]-8-3F voice report
AR GAES HF Ysielth I Asvise 24 ¥
(string function)E- ©]-&-5}o] AHE ds}it)

2 ER] WA= 7 7 A o= F8klek 1) A i Al= A
o) ¥ RS Sdisksty] flal a3 S5 (pre-emphasis)
S AAIE A9t 2) F HAE S (source) AERES] 54 S
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9149 W% & INradiation effect)S {loN7] Sla 153} 7H&
(de-emphasis)= A1 253 EH(from 50 Hz, Choi et al., 2014). =3F
W= Fabpol W o] FxE HEs o 842 A&
H S (moment parameters) ol 53] F3E AHA ol H 4 shH 9
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Roy, 2009; Watts & Awan, 2011). T G X5k, F+ JH ¢
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+= slope_ltas, Z12] 31 0-8,000 Hz7HA o] A~ E 7] 787 (tilt) <}
2 Zh(offset) S T3+t

04,000 Hz Alo]ofl= 14714 9] =2
orBR o] 4o oA niFo] o g§2 A
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X—}E}% Z1& 2u] 3t} Slope ltast= ©] + P41 €] o]
Lixl X]'—é =T() 71E7E BoFe Hpo| B2 A0 Y
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+7(til) 2} A (offset) 2] 739 173} G o X7} g A 2.
2 AT 513k 71& 7= 7HaE Aol Ak ol Al 4
Aok, v} AW 07 o7} geittd 1 oA HA
5 ol Bk 04,000 Hz 453472} 4,000-8,000 Hz 315
g ) Z42E9] ofuR] S ofl= A EY JAE o] 23515
I 9 FedA] A 71872 EHSHE slope ltas9) 0-
8,000 Hz7HA| 8] ~FEF 7]-&7] 9 238352 LTAS(long term
average spectrum) 1-to-1 7] 4|5 ]88t} LTAS(1-to-1) 7HA
= Aol o] 88 ~HER] J|A| 9} default bin(F-3HF ol A] 2
A ) gke] T stk 54 0] vk
AAER AH A= 3 A(source) 2 o 27 (filter) 0] &
st AH I0E RER 99 o3 AR AskE Sl T
3 FES F5-0 7 7HA] Aoz, AFHER sA ol tis)A
FAARER NAE Bt diE H 2 7 E A ga)
$IT}. Hillenbrand et al.(1994) o]2l & #A& wole v Q&=
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2 Qx}7A] dB WY E AL} FEHA] o
9] 39| o Oﬁi%/‘é T8 AEE gFate] HolFm el
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o] 727 54& EHFTHKIm & Seong, 2017). 3= RNRAE
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Z935}10] 0.05% 74 2 278 3 © ™, rthamonic B Y
1499] trend type<>- Hillenbrand & Houde(1996)2] &
2] ¥]X1 3 (non-linear) X15=7+2~3 (exponential decay)
o= A 37HE = W22 Theil(1950) 2] robust line2] ¥
21 robust slowsE A B}tk RNRE CPPe} 53t %] H
21(60-333.3 Hz)oll A 313t}
A7 o) A9 2

g3 A R S 7] A o] A ER A AR
=, 1) A i) A, Ad dehs Gl REto s 4
H Z0] of B R I Y-S T8 59U A A2 D ek
otk whebs dlole] 1th® FFTske] AT /)49 o492
2ERNAE HEAUL2) T HAE AR 39 7159 HA
£ A7) S8 59 S-S sto] AHEY I FYPAE
A E s A sk A9 At Bgo] EAE]

o] Q1A A/x-g 7o]o] 7

5) 2= [o3Re) 2~ O =22
AR AE S gonR $8 AFSe S50 Ot

2.2.4. FA 2+ 37}
AojA 5 4 Xﬂﬂr—?zﬁ—} 555 /ol A% B3 7 nht
aie -3t T U= : A
A1 2 73 Praat®] experiment MFC 253 ©]-8-3}0]
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Table 2. Mean, SD, and independent samples #-test of K-VFI

I A= N | 3+ | ZFHA| t-value |p-value

=43 Fatigue 25 | 17.44 | +831 «

=] *:

¥ 2 | No.fatigue | 25 | 12.00 | +5.28 2.760 008

ALA] Fatigue 25| 972 | +4.79 e

¥ 2 No.fatigue | 25 5.84 +3.09 3402 001
72 | Fatigue 25 3.04 +2.71

704 | No.fatigue | 25 | 1.88 | +2.16 1.670 101

K-VFI, Korean Vocal Fatigue.
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Figure 1. Bonferroni post hoc results of 4 acoustic parameters proved to be
statistically significant on the groupxtime interaction: shimmer_local
[vowel, t1(before)>t2(after) in no.fatigue group], skewness (spectrum of
connected speech, t2>t1 in no.fatigue group), & low energy (lowE) (vowel
spectrum, inverse filtered+ de-emphasis, 1) no.fatigue>fatigue in t1, 2)
t2>t1 in fatigue group)
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Figure 2. 6 acoustic parameters showing statistically significant main effect
(time) in sustained vowel production: noise to harmonic ratio (NHR) [t1
(before)>t2 (after)], slope_ltas (t2>t1), low to high (LH)-ratio (t1>t2), 3rd
formant’s (£3) energy (t1>t2), offset (t2>t1), & high energy (highE) (t2 >t1)
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Table 3. Descriptive statistics of acoustic variables related to sustained vowel I (resonance, perturbation, prosody). While graded green cell has to do with

main effect (time), orange one is related to the groupxtime interaction (same in Table 4 & 5)

var. Time Fatigue Mean SD n var. Time Fatigue Mean SD n
No 3285 | 1583 No 0072 | 0.110
. Before Yes 3261 | 2015 | 2 NHR Before Yes 0.048 | 0.061 25
No 3564 | 1727 (main) No 0.025 | 0016
After Yes 3582 | 2603 | 2 After Yes 0033 | 0025 |
No 381.6 | 2545 No 0650 | 0702
5 Before Yes 3338 | 1939 | 2 4 local Before Yes 0.523 0.499 %
e No 3702 | 2418 | Jit_foca After No 0414 | 0131 s
Yes 397.6 | 3769 Yes 0497 | 0.349
No 6048 | 601.0 No 7125 | 4.899
53 Before Yes 7412 | 5246 | > shim_ Before Yes 6028 | 3104 | %
No 6404 | #4312 local No 5301 | 2716
After Yes 7452 | 7003 | 2 After Yes 6497 | 3516 | >
No 67.96 9.83 No 208.7 17.78
B Before Yes 68.23 g23 | 2 o Before Yes 2085 | 29.82 25
- e No 6735 712 | e No 2069 | 2119 |
¢ Yes 68.75 8.46 ¢ Yes 203.9 18.79
No 6233 9.85 No 22.04 2.94
o a8 Before Yes 62.90 8.95 2 O-ton Before Yes 21.80 488 %
— e No 61.83 886 | -tone After No 21.69 361 s
Yes 63.34 9.54 Yes 21.22 3.26
No 4728 | 1045 No 62.35 7.58
3 ap | Before Yes 46.28 915 | *° et Before Yes 63.14 sas | 2
(main) e No 4199 | 1160 | Y . No 61.89 7.05 s
¢ Yes 4451 | 1139 ¢ Yes 62.89 6.94
No 16.19 536 No 0988 | 0469
HNR Before Yes 16.99 383 | 2 o it Before Yes 1.290 1.057 25
e No 17.82 315 | - e No 0940 | 0302 |
Yes 17.27 3.09 Yes 0.895 | 0.338

B1, 1st formant’s bandwidth; B2, 2nd formant’s bandwidth; B3, 3rd formant’s bandwidth; f1_dB, 1st formant’s energy; f2_dB, 2nd formant’s
energy; f3_dB, 3rd formant’s energy; HNR, harmonics to noise ratio; NHR, noise to harmonic ratio; jit _local, jitter local; shim_local, shimmer
local; f0, fundamental frequency; Q-tone, quarter tone; sd_int, standard deviation of intensity.
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H 4. B2AEE HHE FFWEFY V& SA NSHED, A ~ER)
Table 4. Descriptive statistics of acoustic variables related to sustained vowel II (spectrum, cepstrum)

var. Time Fatigue Mean SD n var. Time Fatigue Mean SD n
No 27.06 3.96 25 No 1953 | 0391 25
cpp Before Yes 27.00 420 25 rLI: Before Yes 2049 | 0611 25
After No 2730 329 25 (n?aii) After No 1837 | 0.164 25
Yes 27.29 3.43 25 Yes 1832 | 0217 25
Before No 1791 3.48 25 Before No 4125 | 0626 25
cpp Yes 17.49 3.41 25 i Yes 3943 | 0999 25
s After No 17.76 2.89 25 After No 3824 | 0810 25
¢ Yes 17.84 2.88 25 ¢ Yes 4007 | 0754 25
No 5071 | 3.880 25 No 21.67 479 25

Bef Bef
l({plj? elore Yes 6.656 | 4398 | 25 Offset elore Yes 19.12 7.22 25
- No 7314 | 5328 25 (main) No 21.79 3.84 25
emphasized) After Yes 4835 | 3.187 25 After Yes 2238 5.43 25
No 14.22 6.61 25 No 86.68 201 25
Sk(e":“ess Before Yes 13.23 10.09 25 owE Before Yes 84.92 3.8 25
- }‘l’a:ize o After No 12.29 539 25 oW After No 86.27 171 25
P Yes 12.56 522 25 Yes 86.39 242 25
Before No | 4111 | 6295 25 Before No 45.57 6.50 25
slope_ltas Yes | —40.81 | 9331 25 highE Yes 44.11 9.81 25
(main) No | 3896 | 4654 25 (main) No 4731 412 25
After Yes | 3862 | 5329 | 25 After Yes 47.78 570 | 25

CPP, cepstral peak prominence; CPPs, smoothed CPP; RNR, rhamonics to noise ratio; LH-ratio, low to high ratio; lowE, low energy; highE, high

energy.
5 A4 dse 4HE SF T Vs SA(SHER, A 2ER)

Table 5. Descriptive statistics of acoustic variables related to connected speech (spectrum, cepstrum)
var. Time Fatigue Mean SD n var. Time Fatigue Mean SD n
Before No 14.85 1.83 25 Before No 1.530 0.110 25
cPP Yes 15.55 2.62 25 LH- Yes 1.564 0.202 25
After No 14.97 2.17 25 ratio After No 1.548 0.143 25
Yes 15.95 2.61 25 Yes 1.534 0.144 25
Before No 5.440 2.004 25 Before No -3.596 0.901 25
CPPs Yes 5.290 2.274 25 it Yes -3.732 1.371 25
After No 5.428 1.833 25 After No -3.468 1.113 25
Yes 5.743 2.156 25 Yes -3.937 1.154 25
Before No 0.087 0.058 25 Before No 24.23 4.23 25
RNR Yes 0.109 0.075 25 Offset Yes 24.34 3.49 25
After No 0.101 0.101 25 After No 23.07 4.55 25
Yes 0.105 0.105 25 Yes 25.61 3.94 25
Before No 7.984 2.882 25 Before No 73.177 0.811 25
Skewness Yes 9.269 3.586 25 JowE Yes 73.351 0.658 25
After No 9.045 3.139 25 After No 73.219 0.773 25
Yes 8.566 2.603 25 Yes 73.228 0.659 25
Before No 656.3 389.7 25 Before No 48.046 3.481 25
Center of Yes 544.3 170.7 25 highE: Yes 47.648 5.929 25
gravity After No 572.9 245.6 25 After No 47.657 3.950 25
Yes 590.6 205.7 25 Yes 48.119 4418 25

CPP, cepstral peak prominence; CPPs, smoothed CPP; RNR, rhamonics to noise ratio; LH-ratio, low to high ratio; lowE, low energy; highE, high

energy.
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