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Abstract

This study aimed to compare the acoustic measurements of speech samples recorded from individuals with normal voices
using various devices: the Computerized Speech Lab (CSL), a unidirectional wired pin-microphone (WIRED) suitable for
smartphones, the built-in omnidirectional microphone (SMART) of smartphones, and Bluetooth-connected wireless
earphones, specifically the Galaxy Buds2 Pro (WIRELESS). This study included 40 normal adults (12 males and 28
females) who had not visited an otolaryngologist for respiratory diseases within the past three months. Participants
performed sustained vowel /a/ phonation for four seconds and reading tasks with sentences (“Walk”) and paragraphs
(“Autumn”) in a sound-treated booth. Recordings were simultaneously conducted using the four different devices and
synchronized based on the CSL-recorded samples for analysis using the MDVP, ADSV, and VOXplot programs.
Compared with CSL, the Cepstral Spectral Index of Dysphonia (CSIDy, CSIDs) and Acoustic Voice Quality Index (AVQI)
values were lower in the WIRED and higher in the SMART. The opposite trend was observed for the L/H spectral ratios
(SRy and SRg), and the WIRELESS demonstrated task-specific discrepancies. Furthermore, both the fundamental
frequency (FO) and the cepstral peak prominence of the vowel samples (CPPy) had intraclass correlation coefficient (ICC)
values above 0.9, indicating high reliability. These variables, FO and CPPy were considered highly reliable for voice
recordings across different microphone types. However, caution should be exercised when analyzing and interpreting
variables such as the SR, CSID, and AVQI, which may be influenced by the type of microphone used.
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CSL, Computerized Speech Lab; SMART, built-in microphone of a
smartphone; WIRED, unidirectional microphone wired to a smart
device; WIRELESS, wireless earbuds connected to a smart device via
Bluetooth.
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Figure 1. Microphone placement during voice recording: (A) CSL, (B)

SMART, (C) WIRED, (D) WIRELESS
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Figure 2. Example of irregular attenuation effects in the 5—7 kHz frequency
range in a vowel sample recorded with wireless earphones
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Table 1. Comparison of acoustic measurement across micrphone types

WIRE
Parameter| CSL | WIRED |SMART LESS F p-value
FO 183.55 | 186.43 | 186.50 | 186.48
(Hz) |[(55.21) | (47.78) | (47.77) | (47.79) 0.983| 328

Jitt 094 | 082 | 142 | 1.05
%) | 071) | 0.56) | (1.05) | (0.87)
Shim | 3.82 | 3.79 | 435 | 5.04 -

10.172| <.001™™"

@) | 1.99) | (.66) | @00) | @27y | T4 001

N (82(1)42‘) (8:(1)‘2‘) (g:(l);) (8:(1)3) 0.944| 409

i}i);)v (121.2173) (111.5781) (120.6%3) (121.21413) 21.464) <001
ogi]l;l;v (82) (gfg;) (g:g) (8:2;) 11.735| <001™
(SdIl{Bv) (34‘;636) (3570352) (2439(135) (389.3329) 116433 | <.001™
@ | s | 0 | aan | @y | 5=
5Dy (182.18()3) (121‘.5;71) (ﬁg;) (?9‘:(7);) 59.155| <.001°"

CPPs 5.96 6.32 6.01 6.37 13.924] <0017

(dB) (0.79) | (0.80) | (0.72) | (0.77)

oo [ Lo o T 8 o] o
R A e e e L
e a2 o] oo
AR R e e
Aval ﬁﬁgi) (1122) (?:(1)2) (gég) 57.953| <.001""
Values are presented as mean (SD). = p<0.01, ™ p<0.001.

CSL, Computerized Speech Lab; WIRED, unidirectional microphone
wired to a smart device; SMART, built-in microphone of a
smartphone; WIRELESS, wireless earbuds connected to a smart
device via Bluetooth; FO, fundamental frequency; Jitt, jitter percent;
Shim, shimmer percent; NHR, noise-to-harmonic ratio; CPP, cestral
peak prominence; SR, low-to-high spectral ratio; o, standard
deviation; CSID, Cepstral Spectral index of Dysphonia; V, vowel
phonation; S, sentence production; AVQI, Acoustic Voice Quality
Index.
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Cppy BURIURINITI-0.52 -0.17 0.17 (RER 0.35 0.17 0.5500K1 0.17 0.34 0.18 -0.41 UL 025

GCPPv =037 0.04 0.18 0.33 -0.10 0.23 0.10 0.24 -0.18 0.14 085 0.02 0.44 0.43 -0.10
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SRy -0.18-0.33-0.38-0.17 0.13 0.32 047 020 -0.41 0.38 -0 mnm 024 050

oSRv -0.07-0.02 0.21 0.27 -0.28-0.08-0.02 0.07 0.16 0.01 0.24 0.05 0.48 0.27 0.04

I 0.75
111032 -0.36 0.27 0.46
-0.38-0.11 0.00 -0.31 0.04 0.41
1.00

CSIDv 029 0.52 0.52 0.31 -0.28-0.43-0.21-0.10 0.39

AVQI 0.35 0.48 0.52 0.30 -0.36.

o

2 ]

z £
z &

JITT
SHIM
GCPPs
SRs
oSRs
CSIDs
CPPy
GCPPy
S|
aSRv

WIRED
CSL, Computerized Speech Lab; FO, fundamental frequency; WIRED,
unidirectional microphone wired to a smart device; Jitt, jitter percent;
Shim, shimmer percent; NHR, noise-to-harmonic ratio; CPP, cestral
peak prominence; SR, low-to-high spectral ratio; 0, standard deviation;
CSID, Cepstral Spectral index of Dysphonia; V, vowel phonation; S,
sentence production; AVQI, Acoustic Voice Quality Index.
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Figure 3. Correlation heatmap of acoustic measurements
between CSL and WIRED
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SMART

CSL, Computerized Speech Lab; SMART, built-in microphone of a
smartphone; FO, fundamental frequency; Jitt, jitter percent; Shim,
shimmer percent; NHR, noise-to-harmonic ratio; CPP, cestral peak
prominence; SR, low-to-high spectral ratio; o, standard deviation;
CSID, Cepstral Spectral index of Dysphonia; V, vowel phonation; S,
sentence production; AVQI, Acoustic Voice Quality Index.
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Figure 4. Correlation heatmap of acoustic measurements
between CSL and SMART
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CSL, Computerized Speech Lab; WIRELESS, wireless earbuds
connected to a smart device via Bluetooth; FO, fundamental frequency;
Jitt, jitter percent; Shim, shimmer percent; NHR, noise-to-harmonic
ratio; CPP, cestral peak prominence; SR, low-to-high spectral ratio; o,
standard deviation; CSID, Cepstral Spectral index of Dysphonia; V,
vowel phonation; S, sentence production; AVQIL Acoustic Voice
Quality Index.
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Figure 5. Correlation heatmap of acoustic measurements
between CSL and WIRELESS
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Table 2. Reliability of acoustic measurements across CSL and

microphone types

Parameter ICC (05% €1
WIRED SMART WIRELESS
FoO 935 935 935
(Hz) (.881-.965) (.881-.965) (.881-.965)
Jitt .803 618 .560
(%) (.658-.890) (.385-.778) (.307-.740)
Shim 779 .594 273
(%) (.622—-.877) (.353-.762) (—.035-.535)
778 763 699
NHR (.620-.876) (.597-.867) (.500-.828)
CPPy 913 .960 922
(dB) (.843-.953) (.927-.979) (.858-.958)
oCPPy 954 949 .635
(dB) (.916-.975) (.907-.973) (.409-.788)
SRy .629 -349 231
(dB) (.401-.785) (=592--.047) (-.080-.502)
OoSRy .650 211 -297
(dB) (.429-.798) (-101-.487) (-.553-.010)
813 352 123
CSIDy (.675-.896) (.051-.594) (—.190-414)
CPPs .705 .840 623
(dB) (.509-.832) (.718-912) (.392-.781)
oCPPg .842 .859 882
(dB) (.722-913) (.750-.923) (.790-.936)
SRs .048 -500 -.009
(dB) (=262-.349) (—.699--.228) (-314-299)
OSRg 277 .663 -.673
(dB) (=310-.538) (.448-.806) (—.812—-461)
749 475 —111
CSIDs (.576-.859) (.198-.682) (—403-203)
451 617 496
AVQlL (.168-.665) (.384-.777) (.224-.697)

CSL, Computerized Speech Lab; WIRED, unidirectional microphone
wired to a smart device;
smartphone; WIRELESS, wireless earbuds connected to a smart device
via Bluetooth; FO, fundamental frequency; Jitt, jitter percent; Shim,
shimmer percent; NHR, noise-to-harmonic ratio; CPP, cestral peak
prominence; SR, low-to-high spectral ratio; o, standard deviation;
CSID, Cepstral Spectral index of Dysphonia; V, vowel phonation; S,
sentence production; AVQI, Acoustic Voice Quality Index.
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