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Objectives: The purpose of the present study was to determine whether selected acoustic
measures and estimates differ according to the recording devices, the Computerized Speech
Lab (CSL) and a smartphone, and groups. In addition, correlation and reliability between
the devices were explored. Lastly, the diagnostic ability of the two devices were compared.
Methods: A total of 180 participants (90 patients and 90 controls) participated in the study.
Vowel samples of the participants were recorded via the CSL and an android smartphone.
For each sample, acoustic parameters including jitter percent (Jitt), shimmer percent (Shim),
noise-to-harmonic ratio (NHR), cepstral peak prominence (CPP), L/H ratio, Cepstral Spectral
Index of Dysphonia (CSID) were measured. Two-way repeated measures of ANOVA, Pear-
son correlation analysis, and ROC curve analysis were performed. Results: Interaction ef-
fect for Jitt, Shim, NHR, and oCPP between groups and devices were found. FO measures of
the smartphone were higher than those of the CSL. CPP and SR of the CSL and patients
were higher than those of the smartphone and controls, respectively. In contrast, CSID and
oSR were higher for the smartphone. All the parameters showed positive correlation be-
tween devices. There was no difference in the area under curve between the devices, al-
though substantially different cut-off scores were obtained. Conclusion: The current data
showed a significant correlation of acoustic measures and no difference in the diagnostic
ability between the devices, although differences in several measures and higher cut-off
scores of the smartphone were noted. In conclusion, smartphones can be used as a screen-
ing tool for voice disorders.

Keywords: Voice disorders, Smartphone, Screening tool, Acoustic analysis, Cepstral analy-
sis, Cepstral Spectral Index of Dysphonia (CSID)
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Table 1. Demographic data of the participants

Patient group  Control group

Parameter (N=90) (N=90) p-value
Age (yr) 37.79+£1092 37.79+1092 1.000
(19-60) (19-60)
Gender 1.000
Male 25(27.8) 25(27.8)
Female 65(72.2) 65(72.2)
Professional voice user 44 (48.89) 39(43.33) 456
G of the GRBAS scale 2.18+.62 00+.00  <.001***
K-VAPP
Total score®(280) 103.15(86.06)  1.55(3.53)  <.001***
ALS (100) 3474(30.85)  63(1.70) <.001%***
PRS (100) 3345(31.23)  .38(1.34) <.001%***
Diagnosis of the patients
Vocal polyp, unilateral 19(21.11)
Vocal nodules, bilateral 15(16.67)
Vocal cord palsy, unilateral 14 (15.56)
Spasmodic dysphonia, adductor type 12(13.33)
Intracordal cyst, unilateral 6(6.67)
Laryngopharyngeal reflux disease 6(6.67)
Sulcus vocalis, bilateral 6(6.67)
Leukoplakia of vocal cords 4(4.44)
Reinke's edema 2(2.22)
Contact granuloma 2(2.22)

Primary muscle tension dysphonia 1(1.11)
Vocal polyps, bilateral 1(1.11)
Mutational falsetto 1(1.11)
Glottic cancer 1(1.11)

Values are presented as mean + SD (range) or number (%).

K-VAPP=Korean version of the Vioice Activity & Participation Profile; ALS = Activity
Limitation Score; PRS =Participation Restriction Score.

*Cut-off score is 14.5.

***p<.001.
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Table 2. Comparison of the parameters of vowel /a/ samples recorded by the CSL and a smartphone
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Parameter Group CSL Smartphone = = p'—value. =
Interaction Within-subject Between-subject

FO(Hz) Patient 167.993+48.353 179.863 +66.269 053 .007** 884
Control 171.902+44.088 173.849+42.521

Jitt (%) Patient 3.049+2.705 4.034+359%4 012* <.001%** <.001%**
Control 942+ 601 1.376+1.063

Shim (%) Patient 7.601+5.841 12.270+7.346 .002** <.001%** <.001%**
Control 3.469+1.124 6.040+3.712

NHR Patient 198+.135 288+ .234 <.001*** <.001%** <.001%**
Control 129+ .019 156+.041

CPP (dB) Patient 8.965+3.367 7.977+3.308 107 <.001%** <.001%**
Control 12.598+1.756 11.397+1.807

oCPP (dB) Patient 1.315+.784 1.225+ 671 <.001*** 228 <.001%**
Control .600+.210 651+.213

SR (dB) Patient 28.419+6.304 18.061+8.182 102 <.001%** <.001%**
Control 32.315+4.804 23.223+5.744

oSR (dB) Patient 1.786+.856 1.954+ 952 133 013* 092
Control 1,672+ 569 1.713+ 575

CSID Patient 22.920+21.397 39.279+ 23551 362 <.001%** <.001%**
Control 814+7.997 16.047+9.113

Values are presented as mean+ SD.

CSL=Computerized Speech Lab; FO=fundamental frequency; Jitt=jitter; Shim=shimmer; NHR=noise-to-harmonic ratio; CPP=cepstral peak prominence; SR=low/high
spectral ratio; CSID = Cepstral Spectral Index of Dysphonia derived from vowel samples.

*p<.05,**p<.01, ***p<.001.

Table 3. Correlation matrix between the acoustic measures of the vowel /a/ samples recorded by the CSL and a smartphone

os. Smartphone
FO Jitt Shim NHR CPP oCPP SR oSR CSID

FO r 786 046 o 034 -254 -210 -080 059 036

p <.001%** 538 J77 654 001%* .005** 288 432 634
Jitt r 237 874 664 758 -.756 463 -406 232 720

D 001%* <.001*** <.00717%** <.001*** <.0077%** <.001*** <.0017%** .002** <.0077***
Shim r 315 755 708 847 -709 497 -395 310 706

D <.0017%** <.001** <.00717*** <.007** <.0077%** <.001*** <.0077*** <.007** <.0077***
NHR r 346 120 637 852 -601 404 -.269 289 592

D <.007%*** <.007*** <.0077*** <.007*** <.007%*** <.007*** <.0077*** <.0071*** <.0077***
CPP r -.386 -.806 -697 -.696 962 -487 590 -197 -.860

D <.007%** <.001%** <.007%** <.001%** <.007%** <.001%** <.007%** .008** <.007%***
oCPP r 000 572 5b57* 483 -5b1 946 -376 278 631

D 998 <.001%*** <.007%*** <.001%*** <.007%*** <.001%*** <.007%*** <.001%*** <.007%***
SR r -304 -423 -.362 -.381 453 -210 726 -.039 -505

p <.007%*** <.001%*** <.007%*** <.001%*** <.007%*** .005** <.007%*** 605 <.007%***
oSR r 066 222 176 316 -.188 .345 -052 127 378

p 378 .003** 018* <.001%*** 012* <.001%*** 489 <.001%*** <.007%***
CSID r 257 810 689 739 -.861 5b84 -642 381 9

p <.001%** <.007%** <.001%** <.007%** <.001%** <.007%** <.001%** <.007%** <.007%**

CSL=Computerized Speech Lab; FO="fundamental frequency; Jitt=jitter; Shim=shimmer; NHR=noise-to-harmonic ratio; CPP=cepstral peak prominence; SR=low/high
spectral ratio; CSID = Cepstral Spectral Index of Dysphonia derived from vowel samples.
*p<.05, **p<.01, ***p<.001.
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Table 4. Intraclass correlation coefficients of the acoustic measures between
the CSL and a smartphone

ICC (95% CI)
Parameter >
Total Patient group Control group

FO 773 (.707-.826) 681 (.552-.778) 1950 (.926-.967)
Jitt .839(.790-.877) .825(.746-.882) 495 (.322-.636)
Shim 668 (.578-.742) 671(539-.770) 177 (-.030-.370)
NHR 732 (657-.794) .730(.617-.814) 314 (.115-.488)
CPP 962 (.949-971) 1950 (.925-.967) 1930 (.895-.953)
oCPP 934 (.912-.950) 1920 (.882-.947) 892 (.840-.928)
SR 706 (.624-.772) 1640 (.499-.747) 735(.624-817)
oSR 725(.647-.787) 747 (.639-.826) 666 (.533-.767)
CSID 918(.892-.938) .909 (.865-.939) 696 (.571-.789)

CSL=Computerized Speech Lab; ICC=intraclass correlation coefficient; FO=funda-
mental frequency; Jitt=jitter; Shim=shimmer; NHR =noise-to-harmonic ratio; CPP=
cepstral peak prominence; SR=low/high spectral ratio; CSID=Cepstral Spectral In-
dex of Dysphonia derived from vowel samples.

) DR BTN 2PIEES 0§58 54 559] A §:84 + olsl o)

.965), Shim (Wilk’s A=.949), NHR (Wilk’s \=.915)0]| 4] ]} 7]
710l whE g2 AHg-0] IS, FO= CSLET; AHEEZO||A] 79|
SHA| =A| 2A=YCHWilk’'s \=.960). ADSV =4 2] == CPP (Wilk’s
A=.391), SR (Wilk’s \=.218)2 CSLo| An[EXH T}, T Z-o] §h
ApR ) =9k} WhH CSID (Wilk’s A= .213)+= CSLo| ARIEEHT),
| zgo] SRR YUekth oCPP (Wilk's A=.903)o| A= 7]7]<}
At 7F AFs 2-g-0] 19131, oSR (Wilk’s A=.966)-2
CSLETH =& 57825 Halrk

s Eol

rulm ;

7I- 7|7|Q| ix-li' 7}g| AI-ILI-EI-]“ ajl A|_|§|E _E_Jsll

CSLI} 20t 20| ABolH 2 4T-SF8HE S37 19 4
TAR A b Tale 30 A0 SIS 1719 5L
S 2K 7ol BT FAH 02 GOl Fo JUUATH
et 74 ol wie sl A A, Fo (76
Jitt (.874), Shim (.708), NHR (.852), CPP (.962), cCPP (.946), SR (.726),
oSR (.727), CSID (921) 2.5 .7 o] Aotk

71715 ol gto] -8 B B S A E Aole] ICCE
AR ik R Table 4of) AIXIEI0] SIek WA 27 oy
Kol 71 & ICCS LERA 1% CPP (9621, 71 32
== Shim (668)°]31T}. .75 ©0]4F2] ICCE HQl W= Fo, Jitt,
CPP, 6CPP, CSIDIt}. A2 Qo= 7} =2 ICC+= CPP

Table 5. Comparison of the diagnostic ability of selected acoustic measures and CSID between the devices

AUC 95% Cl 4 p-value Cut-off score Sensitivity Specificity

Jitt 6.620 105

CSL 845 .788-901 1.233 744 744

Smartphone 808 .746-.870 1.603 122 122
Shim 320 749

CSL 827 767-887 3.943 122 722

Smartphone 818 .755-.880 6.884 767 767
NHR 002 998

CSL a7 698-.843 139 122 AN

Smartphone a7 .702-.839 159 678 678
BER 987 324

CSL 828 .768-.889 11.647 .756 756

Smartphone 815 751-879 10.394 767 767
SR 208 835

CSL 699 622-771 30.146 633 633

Smartphone 693 616-.769 21.092 633 633
CSID 513 608

CSL 830 .770-.891 6.138 733 733

Smartphone 819 757-.882 21.866 11 N1

CSID=Cepstral Spectral Index of Dysphonia derived from vowel samples; AUC=area under curve; Cl=confidence interval; CSL=Computerized Speech Lab; FO=fundamental
frequency; Jitt=jitter; Shim=shimmer; NHR = noise-to-harmonic ratio; CPP=cepstral peak prominence; SR =low/high spectral ratio.
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Figure 2. Receiver operating characteristic (ROC) curve of the acoustic measures and estimates derived from vowel samples recorded by the CSL and a smartphone.

CSL=Computerized Speech Lab; SMRT =smartphone; Jitt=jitter; Shim=shimmer; NHR = noise-to-harmonic ratio; CPP=cepstral peak prominence; SR=low/high
spectral ratio; CSID = Cepstral Spectral Index of Dysphonia derived from vowel samples.
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