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60905301 : Major (ACOUSTIC DESIGN AND SONIC ARTS)
Keyword : INVESTIGATE AND EVALUATION, MASKING NOISE, NOISE, OPEN SPACE, SOUND DESIGN
MR. WONGSAKORN JIRAWORAPITAK : AN INVESTIGATION AND EVALUATION

OF SOUND MASKING FOR INCREASING PRIVACY IN OPEN-PLAN SPACE THESIS ADVISOR :
ASSISTANT PROFESSOR CHUKIET SODSRI, Ph.D.

This study presents an evaluation of sound masking for increasing speech privacy
of a workstation in an open-plan office where the workstation was next to a meeting area. General
recommendation, that an appropriate broadband masker sounds such as a pink noise with sound
pressure level of 7-10 dB higher than the speech level must be used for achieving speech privacy, may
not be suitable since the masker itself can be too loud and becomes unwanted. Partial-height sound
barriers can be used with sound masking to gain better acoustic privacy. However, there exists curiosity if
the barriers, such as removable partitions with high height or low height yield different privacy.
Furthermore, the pink noise used as a masker, might not be favorable to some people since it may still
sound like a noise to them. In the study, experiments were performed to compare effects of the sound
barrier heights on the speech privacy in a workstation where sound masking was employed. Results
showed that in high reverberant environment, high height partitions did not necessarily yield better
prevention of the intruding sounds. However, the high height partitions indeed influenced better speech
privacy when used with the sound masking, since it helps to reflect-and naturally amplify the broadband

masker’s sound in the workstation.

Other experiments also were conducted to-validate how well the Sound transmission
index (STI) measure was correlated to subjective evaluation of speech privacy by human beings, to test if
other types of the masker sounds were as effective as, or more favorable in the sound masking than the
pink noise. Eleven alterative types of the masker sounds were designed to be used in the experiment.
Thirty-one volunteers were invited to participate in the experiments. Results revealed that the STI was
well correlated with the subjective evaluation of speech privacy. The correlation between them was
about 0.938 with 99.95% confidence. Hence the STI can be used as a measure of speech privacy. For
experiment of using the designed masker sound in sound masking, most of the designed sounds were as
effective sound maskers as the pink noise. In addition two of them, one imitating natural babble water

and beach sounds and another embedding a type of music, were more favorable.
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wleguidssgunanslauinndndessiu wagge wasilesyiuldesiugly seaunisiagy
despudnuargs txliaulnalAsdsnansiy muanu (6]
NANEIUANUNABINITAUNU (Speech Frequency) HufinguAIuiani1zN8eaInNn1g
SudidusvesyBgmuiuIringuAINNALAUNIY BTUALIAUAT FUAALA UTEanamindd 100

50 fs Useunad 9,000 4850 Tuediuiiaduuiasyuanawnnaeiuly InediudAyes

U

a s

\AeenA9zdlgIaUsEann 200 - 5,000 1830 Yridsamananigaagluig Anda 1,000
B3nd Inenguilunniiagneogeiasenine. 200 — 600 t§snddulunguidesasy (Speech Vowel)
warludiudoandayvue (Speech Consonants) zilunguanudgs lnenguddgyeglutie

Uszanas 2,000 - 4,000 18504 [19] Tadlnasianissuiidesveanysdunnguiuiesannidu

! s

INTIZAN B YOIV IUNAIYDINYYINUTITTUYIR L VY18YNATULAS Fana1UANUNINTU

Y

wywddsaunsasuiidusgudinanlen seduanuduRievesdssiuiusgiuniseanidss

WRalAg U 45 70 IATLUA FITLAUAMUAULAEAUNUINIG 1 WRT 8egiUseunnl 60

[y

WA [7] nn1sSusidssvesuysdiuasiiuleadn wWeodsssuniulagsiuisesauainu

Y 9

2e
=p

4

AU NS MTEAULEES Masking S1dudaslsu wazeenuwuuidsslivunzauiugiesly

Y Y

=)
=

U

a & & 1 [y
MUUUYBULIUNY
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2.2 msnanades (Sound masking)

Sound masking iluusIngnsaifiAnilefidesaeadssduluifatuludisaan
Pty sywdazanansofuiidesifierudsnnnii Tneiluusngnisal masking uusleaes
LUV Ao wuuAatundeuiy (Simultaneous masking) wazwuuintulsindeuiu (Non -
simultaneous masking) Tasuuundeufutandy Wuns Mask fifaesdouiniundoniy
vio pdudsuiagiu indeufiludetiluiuiifertulasimaglddudeidaudnnd
Tneilumsiinns Masking destuasdesiimusudsannnindeadvned 7-10 0@

< Y v v v { (% £
wa lnedseana [7] asdiulaindesdddanududssreudisnn lneunsgiunisldssuuns

v A I

iUadeanuugihiduadsldsiuiunisesniuuiunuagldiannaunsanudedlaegay ¢

9
\AUVBY %38 partition NMuBILUUTIATIY WiesruUmAUiUdsLatiuUssanSanlunis
MU svesszuuivanuuulanaedy [3]
PN o o a X 1 1 Ly o . Id
wuuiiaes nsmUskuuietuliniesiu (Non - simultaneous masking) LU
Usngnisaliiiianisideiu leeiiivaeadesduistulinseniu wialudosszandenis
mUsLuUdaunau (Backward — masking) Lay NsAUswuug19%in (Forward — masking)

1Agn1SMUSLUULUUERUNAU  (Backward — masking) Wi Aan15ildusnlaunivs (Maskee)

(%
LY

Huindusneu @esnldnndy (Masking) Insiduanlainvsiy (Masking) fosinldssndsann

Healauide (Maskee) laauanasliiin 0.01  Juril ndudu wuutdranin (Forward -

(%
a =

masking) nelutianldiiu 0.03 Tadadurvindsaindesnity (Masking) ?Tuqmauﬁmﬁmmu
msf[,uizaznawﬁ"ma'nﬁ?us"fqmmaagﬂﬁwﬂ’ﬂﬁ (71 frgadeduiiuiiasedenldisuuuiin
wSoufudundn IngadrudsssunIutuugisanuanias Broadband noise W1 Pink noise
W38 White noise fidaunasldiinsasainnd (Fitter) . Fudssvziindronduidosszuudsu

2INALUBIANT AULEIRULUN

2.3 N15A52AUSLRNTAINNITANUWT

1%
av A

Tunsasvinszuunsivadesduiivarnnanedd Teaglusuided ladenldaeis
D Articulation Index fiu Speech Transmission Index %3 STI Fensaeadsiilun1snsiain
AunMsEUUMIIUAdes lnganiy
. . A 13 [y [y o a Y aa
2.3.1 Articulation Index %58 (Al) {unsnsIvinseRuAmAI Ny [5] AnAUIENIS
n319IAlAsN1TUTBULTEU dRTaEudYyQIMAULERITUNIU( Signal-to-noise ratio) UIIAILA

\de9 (Frequency range) 195330¢lut39 200 183009 5,000 1Fndluseey 1/3 wauAINA
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ponlag1dnsd@IudUNaNIAILIUAY AtutnuuLl (Weighting factor) Aafiuandly
ansmuay (1) Felwanuddeillaldauugidinuuinsgiunisinaunimnismdades ASTM
E1130-08 [3] IngA Al Uuazaglusening o inunefislainnudaaulunisdeansis 1 dany
Fonauluusyleadearsunn laglun1snsiaindes masking u AIslaAilng 0 Gevunefiades

masking HuanAMudaaulunsieasvendssnanieueniidiunsunIula

15
Al =>WR, (1)

i=1

A15799 1 A1 Articulation Index WSgUeUsZIUANUDUAIUF [3]

seeuAMI U  BrauAuIn JEAUUNA seeuAautnawe | luflanududiusn

A1 Al 0.00-0.05 ]0.05-0.20 | 0.20-0.30 0.60 - 0.75

2.3.2 (Speech Transmission Index) %38 STI #adunisinArnnudaiauveslunisle
guiduenn (Speech intelligibility) luiunnTiadinlagiuufnlunisnsiaianiswasundas
| v v Y] = o A = Y} & Ad o a '
AN TUTDIF Y Y UL EEIIN AN LUR9ANTI9TR TnetasunFs wfuniamIu
g I3 1 A o o | = & 9
Wy 1 Jugeane (Channel) A LAUAANEUIINNNAINAIWTY LHEITUNIUNUNGS
(Background noise) AM1NBY (Reverberations) wagAIPIILARLNYY (Distortion) UouLdes

d‘ a 1 U a d‘ U U ‘:{I a U
NAADULBLAUNIEIUAINGS LAUNIIUNYRRTIaTR nuautideslunisnsiada STI
A529IlUEe 125 18309 64 8,000 3ad Tuszozuaumaussnnlagiinisldisiduaislou
wenLatu (Modulation transfer function) lneitaialtagiduffivunvuinmududuves
A1dagiaty (Modulation) Y9911 7 uauAdueanmN ¥390159TIIRAT MTF  duaeld

A1ANALEAaTUTENIN 0.63 18509 i 12.5 1Bad lusvueiing 1/3 waumnudeanmm

] [
1A

571 14 AUD FeAnratlasundasniudinatsluiesinsiainniewiuny [4] Tunis
9

(%
0y

AUIUAT STI UILAIMUIUIINNTIIUAFUANUDLFLINA AUAIATUTUYVDINTS
dl o U U U 2V L U dl d‘ dl ! U U
Waguwlasseaudyain seninedygyiuaunie AU dyainiadouiiniudina1slidge
797390 lagAl STI qgedseniin 0 - 1 lagszduanudaiauveadesyn (Speech
Intelligibility) #1AtuAT STI azdpadlnalay 1 wagsyauugidlonntlng 0 Tunsalvesnis
p51inUsEAVEA MURINITAUREYS (Masking) 21nA1 STI HuazaTIaianalun1enseiugdu
wnefgannudaauludsmadesmiilug nuteanudssansamlunisidadeswes
Aa gj dy a o Yaia dﬁf 1 4 < 1 % dy 1 [ (% 1 a a
srUUNRnAsluiuvlanseau dawalianududiusiunIuguiu dugunisiei 1 Auans

ANNANTUSTENIN ANNdUTUSTENI1eA STI AuszAuaudaauvedeann (Speech




18

intelligibility) wayszAuAadudIusa (Privacy rate) dmsuszuunsidades (Sound

masking)

A1599 2 AANTALRY karAUDUAILS Yaen1STANALUY STI [4]

seauANUTUNE bEUN ADUT LG Una A funn
seeUANUTUAIUG AuIN A Unh ADUT e LN
A1 STI < 0.30 0.30 - 0.45 0.45 - 0.60 0.60 - 0.75 >0.75

2.4 UYNNYIT9AU Sound masking

Johannes Carlsson (2014) la@nunlusesnisesnuuutdss Masking Munnganlu
v X Ao w < A & o } 2
nsldauluiuiidineuluy Open plan [8] nMspenluUNIAassazlun1sAnasangl]
Penuniivedfzyiaud Partiion -wuuARsuNLAE AusenIndvageu lasazilunisls
NadsUdnIrUNIauiu n1TiaralzltnIaTIvinsssgduudivungazidnusuniuien
J¥UU Mask N1305331n9878 Serial recall task tiens33insAun1ssusveiimasgey
way A1 STI leeidssioontUudlvienta 5 Wuusas Pink noise 7 Filter udaiu laifiides
Masking \Unag saunludesaduin devanlul) wasdospunaneiu nan1smaaoamuii
Ao pdudtulasuauiswelaunniian diu Recall task Hwulwdssnguaunageuuls
aa
AZLUUATIER
Yusuke Hioka Jen W. Tang wag Jacky Wan (2016) 1n3d813esnsiudse@nsnin
\FeaMasking wuuldideedoundu Reverse Sound Falunisindeadesaunuiiuliiases
Foaselusunsusulididegsangrmneveslnddesdounauludienudss Taaly Artificial
reverberation [9] @snsldidonaudaunautuiusza@nsninnis Masking 1@ssfuinuely

anansalUldasans1edniusuniu (Annoying rate) gaduiu laen1sAnwillald Reverb

A & 1

AAUAT Impulse response ANRDINNAADY LABITZAUANULTNTY (Intensity) Vo9 Reverb
syAurg 9 Iomeianatulunuideilduseloadus dusunagouaiunisivlannudes
156A11 Harvard sentence @n1533eildignsiaianisidnlaillont Inenisilsuszloansou

1 a

\dee Mask Feanlmansganinluiianiafednu Inga1lng Masking agagauniilnagnaaeu
1NN wag alnsldeedumaaeulzagdinunas Welagugnageuaznsanustluadinau
N3R5297N155UNIUYBLdee lagldidnageun1sanssesdu (Short term memory) Tl
1 a Y U 1 ~ 1 a = 4 £ 4
nsuadudesiaey 9 drseilloaluign 15 Tui uasivaaeudswnaulvignately 30

U9 uenanildsdinuuaeunInAULITIAYVENEEY Mask  Tulsaziuulaglinzuuu
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Tur79 0 -100 AZLUL HANSANYINUIINISEALLEES Artificial reverberation Ulann1IIUNIU
(Distraction) Ha¥AINUNITIAIQYUDNELY Masking LUULEDLEUTDUNAU (Reverse) LAan
Useansnnlunis Masking m1uANMdUTUYDe Reverb Flvidiuinmnuneweioaiuing
AOITUUNNT Masking @89@ea@enAasiiunann1saIuIu STI AllAanunesesieslunis
ANUINE
Tobias Renz Philip Leistner Wag Andreas Liebl (2018) la@nwi3oenisiiiy
UszAnsnmmavhauldides Masking wuurunang (Babble Masking Sound) [15] lnaldl
a ¥ o U 1 o el a %
gankuuLdsIUsTEINIEAuRAUlIa18dILI Wagseau SNR #1199 JanauaviuSeuiiuiy
) . = . = 901 a P a a a o
\@89 Masking WU L@ee Noise wazidesilnasssuyid ineUseidiulseansanlunisvinenu
neludss Masking LWUUAS 9 Laza1223nA875 Serial recall performance Wunsias
seurdu FezUdouidss Mask  ieneasudnditimaaeulasudesdinavvuinlug na
=

n1sAnwInud Meanudeaiulinanisyssiiunasiiauldstediy uwideanguaunaty &

ANNLEITIATGY YIRYNTUNTURINATNASIUUBY

2.5 Binaural Beats

avetuiimsdenisuszaianadeyannmstedy ludauwonduaiulihlae e
nsdstoyaluianauivedinislistgnieuulanseriinnuds Tnenuinmduaueatuifmneg
o < o v o g w Y A Ao o
n1saen1siluguiuy Pattern 19ALAY 31nMsAUNUTYlA nsasiades Beat T

<

AMUSAREIAUNISEINISTesaNeY 1EesTilu pattern - Uufagdinanon1svinuBIELD S

£
v Aaa [

wavanenonsuallarasduiy fuanslifinns1edi 3 [12] Hei35nnsvi Binaural beats
wUsoanduauluy WuUwsn 138091 Binaural beats Wumaiafildsuanudoudodld wila
Tunsvindulaernisasadyaa Sine wave fideudmstumuanugidniigenis
uasUdenidssiadeadeauontudnern deailduarisaduluinsswiey wuflaeaeni
monaural beats daunswandss sine wave aoudusly software lisaufusenunduy
IWddoaienfudefiiinavilu beat sound w¥oufussansdng [12] wuufiauiFondn
Isochronic  Hun1sldwaiinnisadusenineiiideeiuldiideandranisvinanuves effect
tremolo modulation MUY beat wmﬁﬂﬁgqaawé’aLmuﬁamﬁﬂéﬂuﬂiﬁﬁlﬁﬁﬁﬂa
vidolylanunsavdesidauy stereo [10] nMsldmaiiabsuldsuaudouinniulunssng
AP GEGHER vidamsesualifauinanernisiaUninisanesislsaaunsau Tsauoulsindu

raLiunIzAesosulun1IAINTIY LENIS NI9N1TVINUAN 9
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AN 3 AIUD beat NAINANDANIZNIANDY WATIINNNEY [13]

AR Wave danana
1111A31 40 Hz | Gamma am%ﬁf?ugq, n35u3, msundeym
13 -39 Hz Beta A1SYINAINTIY, BRAINNAIIR, AIUNTEADIDSY, dUNTS
7- 13 Hz Alfa HOUAANY, ANTIvaNBInaUAULAT AU
4-7 Hz Theta ANSHY, miagﬂuam%, VidUTU REM
#1n1 4 Hz | Delta anzvauantaeluiy, Tisdndy

2.6 $MUINNYVINU Binaural beats

Jon A. Frederick, M.S., Joel F. Lubar, Ph.D., Howard W. Rasey, Ph.D., Sheryl A.
Brim, Ph.D. wag Jared Blackbum, B.A(1999) 1a¥i1n15398 wagfnwn Brain beats fussim
pIn1slanaunddu  [10] Taesraesguiuy Beat Tanmiazides Tasadiades lsochronics
beats Tngld AL Sine wave 71 185 1§39 uarld3s Photoscopic Tnefndavasalnidn ¢ 8
n19 daay 4 mslaensendulnAunddundu 1 Budong Beats) lnstandes Beats idonty
vaglut Beta beats Heaglurissening 13 5 21 Esndidudasiinssduanns Tnofmaass
1¢utian Beats danarntiuvats ) gaiilon v29araii Beats #idfian msnaaoulinaaey
funguiindnuiine de Tneudininaassinnauaesuduuy 1) flavudasades Beats
wioufuian 2) flaluuinaedes Beats karlam 3) quuuUIngenIn Beats wazilamni 4)
ALUUTIARIN NATLAEY Beats WIBNAUTUARLUATE HARINNTINARBINUNTI HAYBINTTIN
uazq Brain Beats Hulfnadwslunisande wazawBiiutu Inedildnaiigadugag

Beats 18.5 L850

Leila Chaieb, Elke Caroline Wilpert, Thomas P. Reber and Juergen Fell (2015)

' '
a A

IFsusuanudsediiertuivaniizersunl wagnsdinisaves AnNN1VAaeedy
Binaural beats @sflsidunisnaasaiosmusilaemsldiinGeuils grueuieas Beta
LaznsinAUANaS19asIA Fensvaaas TA1uE Beat 939 Alpha (10H2) war Gamma
(40 Hz) wazdnnalunisnsznsumlugieldninuan nseuduinseaulauiiu (Dopamine) Tu
auos Tuseninsdelandlunisineu Creative Mlanrunazulaniv sauludanisiaduadng
anuilanBlunisvianidagldinseud Theta (16 Hz) wag Gamma (24 Hz) naus1nginil

Wdudeaunsllalaguides Pink noise funsafiutuniananlafades Noise
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Leila Chaieb, Elke Caroline Wilpert, Thomas P. Reber and Juergen Fell (2015) 1o

=

UTNuITeiReIfuiuan1Izesual wazn158INITELDY THARIINNITNAABIAIY
Binaural beats FafiTdunsnaassdesmusilnemslainGeuils g1umuieas Beta uay
MafinAuAnassassd sen1snaass 1A Beat 939 Alpha (10Hz) wa® Gamma (40
Hz) wagdanalunisnsznsuaitugisldanudn wisuiuinszaulauiiiu (Dopamine) Tuauss
TuszninadalanglunisAniiu Creative Manausazulaniyy sruludenisiaduadaaud
auslunsvinulnglddasaanud Theta (16 Ha) waw Gamma (24 H) mausinginilvedauide
auBidleldBudes Pink noise AumssfutaMsananlailades Noise
2.7 MsnauILulAnlun1saanuUULdEs Masker

nnunmATsLas g ATlFEuAuU Ussandseilddmiunts Masking Ldesdl

= o v va | v a £ 2 o v o a1 v Y]
Nﬂ'&'ma'm’ﬁﬂﬂﬁUVl‘UvL@@LL'ﬁSGU'JEJsLﬁiJﬁ@J']ﬁll"lﬂsUuLUuﬂq@JLﬂﬁNﬂuw‘Jﬂﬂﬁl AULAYINLAUYDUNAU

[
v =

millgesdesiananaglasuamuiianelaandussifiutdes nauiulungudessssuyin

=

Tasumnuianealanin warduseansaanlunis Masking TnalAssiuides Random Noise Tu
drunmsléidesiififonzaiiaueluseiuanugime g dmasenisdinisvesauss dilugnis
USudsuanienisensualvesy lnduvianisilaand dounrany w3s n1svau anndeyamanil

v

Wlugniseenuuuidss Masker wuu Random noise MieuiuLdes Beat 913%7eLiisiluises
aunslunisinnuiionadildguszdnsanuludaudanfininiu nen1seenuuuides
sysuvIAdlnuanURlndAssdss Masker 11053 L d@1m5UNTS Masking t@eslaieui

\dee Masker anasgiulaglasuanuienalaaingegleiuineg
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unil 3
a I3 ' A do o a % L o ' o v
nﬁﬂizmuﬂ’amwumuqﬂﬂaiuwuwaﬂunaﬂuLLUUuJfrﬂﬂEﬂ‘dﬂﬂimaﬂ\‘lta&Ni’mﬂumﬁ‘U

ANNUFIUNU

nsvaapsbiiunisnsiaaounistdiussuy Sound masking  luituiisrassies
d11n9ULUY Open  plan Viﬁszﬁ’umméﬁLﬁmauwuﬂuﬁuﬁﬁau%ﬁqqq nIoUTTUIU 60
dBSPL Fdlneshluidledosnisldnisuans wemsnaudesaumundeddidosedanausiy
(Masker) fiszsumnudauszanas 65-70 dBuiesanindesaunun 5-7 dBl7] Wueeatios 39
AudIsEauienavinli e Masking naneidiu Noise 1@8109 frepudnindsiesld des
Masker Tufiuiisananlalnglisdugesdiseiuanudannnindesaununas 5-7 dB dedld
aniusuuneaUszneuld (Removeable Partition) 9g4lsfmuAIINEs Partition fiasienis
aunndudiusivasiuinnaemisliesslsfifeisldnmaeuieAnwiussansamly
nsaseanududiuiilaeld Sound masking SaufunISty Partition 3 anwauy 1) laidl
Partition 2) i Partitiongd 1.4 wns 3) i Partitiongs 2 1ns wagldduil Articulation Index

(Al) wag Speech transmission Index (STI) Wudhustlunisuseifiuaanududiuda

3.1 NMPBNUUUNITNAGDY
3.1.1 gunsalildlunimaaag

3.1.1.1 avuitimad Wintla MacBook Pro Ju 13 €1 2015 THfulusuns
LogicPro X \ilevinisashs wavanuasinsUdesdayanaiides Masker uaz Ussloannaeu

3.1.1.2 mayiaes lnde 1BM Thinkpad R52 lddmsunsiadn STI W
LUsunsu EASERA

3.1.1.3 dlns Bvfe Mirage Ju AVS-200 S1lwLUY Passive wu1nnen 4 i
dudufadesuuuiiuiingate tioddosidos Mask

3.1.1.4 d@lws 8% JBL Ju EON 315 dlmauuy Active dmiuudesides
AUTUNSUNUIN LTI s

3.1.1.5 weudvgadss Crown XLS fMad 1,500 06 @1Suv8nen1aabn
dlnauvauiidosides Masker

3.1.1.6 LA30an 19 inszdum LR e Class 1 8% RION u NL-52 d1wu

TAATLAUANUANLESIUIY SPL YWFLITUNIU hazided Masker
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3.1.1.7 lailasliu Aounuiees 8% SE Ju sEla dmiunsiaine STI uaz
Yuiinides Masking

3.1.1.8 Audio interface %o Focusrite U Scarlet 2i2 dwiuudasdyayo
A3vialdu eunden 970 MacBook lufidnTneUdesidsdsuniu uae dilnaddesides masker

1audeaan lulasinu SE ARadaluiunlfzyinaruduindnunds MacBook

)
ee
c
o
2
2

3.1.1.9 Audio Interface 8% MIDI plus §u Studio 2 dmiulddmiunlas
Synnandvadu eurden 91n tade 1BM  ludidinsluiiuiivesuszan Sudeyanin
lulaslviu SE iiloduain STI

3.1.1.10 TUsunsu MATLAB dmiuasne eanuuuususukuuldss Pink noise
Wielmnzaudmsunis Masking

3.1.1.11 Wunsy Logic pro- X dmsuaiuaunisuaesidss USuusades

AUNUILAZ mask TALASEAUAINUAINLANNZEL

3.1.2 Aufidwinguuuy Open plan lFlumsAnuuaznsinasgunsal

Tunsvaaesiluldldiiuiivewauanuiseausdanssumansumingdedauins
USUlhfuediineuiuy Open plan vuniuiineadinanuniag 45 was 817 118 wns
LaglnAuas 3.5 W laginausasndsnauliinistariume Janaeduides Aauies
(RT60) W00sdsl¢InnsaT19inTaal 9 genseangiaiuifat RT 60 wirfu 1.1 und Tae
Tunssraesiiiifuiingnlunisane 2 dw dausmduiuilfzinauiiinsnaviudes 3
n3Ans Sound level meter Lfionsaainsziuides (SPL; Sound pressure level ) Tuguuuu A
- weighting 1/3 octave titeldlunisiuiniin Al kazinaalulaslalu Condenser iiensa9in

A1 STI WulUsLNSY EASERA waglduuintdasinietuludnniadanlferinau wagsuuu

' '
= % &

YOIUTUN UV UTA INRAFINTERU 2.5 wasiiiaUaseldes Masker dduiiaaddudiud

'
a o o

Andadessuniu Sasnduiuiidmsunisussyunaziinislddeayane luiiuiidiunis
Useguiuaghnfaa gl uy Active Wunihlunisnuiis InevisdirinduwasalnaUdosides
AUNUITUNIY g luseauaIugen 1.2 Waswinii seeevnasenintegaudesidesiazyn
M3ITINLINAY 2 AT Fasgmivaesiiuntuazgniulay annuddnaudsuansdunini 2
anfudtnnunldiueziluaniuunesgiuleediuiugiuvesaniuaziuianduldviuy
1% £ ! ¥ LY [ = o & = N « ] PP
e wazdwauuuiandunszanla Fansmaaeinsaliasiinnswisudeulvvesainiulin
FAUAINGY 2 58AU 1.4 a3 uaz 2 wastuduvuauinsgiuvesminiudinau wazi

21NNUBDN 1Y 3 SYAUAINEIVBIRINNY
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r— 200 9}, ———y

ANHHES Tae
(g NRT]
= A 1
o o Ay
Toe Tae Traalenu
197U A 19w [

4 e a1 Tnsllasadsenay RNy
1AspeinLEee uas euaaa mnf;ua}:m:'m
TuTas vy AowauEes A - B
45 - 60 tazwa A |uazlifinasainny

v
ANATUINN 1 £
=
&
(=]
'e]
N

— a1 Tnsiaasdaesuniu

]

d g
o (=]
g S
g ‘ AINNUAIU <
ANNNAIU .
i ﬂ”]»] E ——:——— - - —{D
g %4 3
Q 8
T Toe To g 3 120 ou.
. o > Tazusean
19U 19U J
| 4 | 4 | 4 | 4

— 200 3. —%
~ Y] Y 1Y X do o = | & dseo o &
AN 1 LLNUNQ%NQQLLazﬂ’]usU’NsUaQWUV]a’]‘Uﬂ\ﬁuLLUU Open plan %QLLaﬂﬂﬁquwumimgqu’]u I@g

Uszyueumiafiag partition uavgunsalnisnaaes
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(1)

Q)

AN 2 (N) NFIALEE9E SPL meter hagtuiinidssnielaulasinulunuilaldzyinau Ined

AlnaveUasusdss Masker ANAIDEAIUUUINATIVIA () 81009 Active ARRIRUNTIILDIMN

Y 9

USNAUNUAYIIN U IN I AREEIAUNNTAISUNINNIINUS MR IU TSy

3.2 YUABUNITNAADY

[y

maveaesiudadudetdiundn InediuusniuazyiinisiigauinseAunuEIvedaIn

Yaa <

Mugineutiasiitantutuamsadostudsdilifosnislansusuiy lumsmaaest
sz daesoslsueime wavvnisasatalasldnisiliadss White noise 21nailng
Active Tudutiesszauiifudiuadraudessonauludduiiuiivhauildiduganmnaialae
arldn3asindes Class 1 asaatnariuazdeun 1/3 octave lusiie dBA

druiians L“ﬁlum’imaaaLﬁaﬁqaﬂuﬁaaszw Masking izﬁummqﬁqﬁmaqmﬂ
Slufiufanunsadiussauanududiusatunisaununldatugiowuiu lunisneassdldsi
man'asJL?{&Jaaummmmﬂé’ﬂwq‘éflqﬁawwqm Agsaununlunisneassiuvaduanudes
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Aunaunisasiaia Al
auuasse ASTM E1130-08 i
Taitlunisuaaas

1. 7aa1 Background noise
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o d 4 d a
unilannunnadaay uazasiaia SPL dBA

v

4. vinan "Level Reduction”
Taa
11a1 Whitnoise Anachoic auaas
White noise Location
(2aii2. - %a3.)

5.ilaisslaananadau Maanuuulily
e 60 dBA
uaziaal SPL dBA
200 - 500 Hz 1/3 Octave Tuviay Semi-
Anechoic Chamber

a - ] -
6.uwaiialaanadaii 5 auaralevel
. o« d .oy
Reduction 3nn2ian 4 lda "Speech
Location™

v

74181821169 Uhan Level Reduction annaia

d - 3 . v d

wé.auarua1 Background Noise annzan 1.
6@ "Signal To Noise Ratio"

v

8.a71u2uan Articulation Index
(AD)
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nalnangalulasinunsiain wardeanusalaides Random noise UU White noise Wa
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8,000 \830% AMAZLBEN 1/3 octave TuseAuANg®@INAUANN 9 wazlaifiannuiuaning
Tup19797 4 Tzl A UANNAINLANAIAULAUIENAIUANLE D LAANITAULES
VI IATEAUAUALUIAS LwimﬂmsmwLﬁuléﬁﬂsmmmﬁqﬁulﬂwhﬁuﬁmiawauizéﬁ’u
AUAY fiNafuAUDaT NRaTnlatunsaasurlaglivgu)amantilunisifediuuees
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ANAUAY SPL Tut9mun 2000 t8sadasuniialnatAgenual SPL wuuluiiannnuws tugig
AUD 2000 1850 Ul A1 SPL wSsuisuiukuuldiianniutu e SPL Tuaindu 1.4
wnsazdAtosnit 3 wduaasly wesudedluaiueEs 2 wesduAnues SPL Tugag
= a & ) o ' Y] A & A ' a s Y
ANUD 500 lEsngilseRuanudaliasiunsallafiainnu Ineaudiianda 500 @nduud
ANMUNIRELBENIN 3 WwRuaadhl wazwlawieusesu SPL 571 (Overall all SPL) laiken@aanud
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NANANUD y

Lﬁ;.mszm mlmmu ArANusadadluenie [dBA] AIARNSRY AUV UGS
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1000 0.347 60.5 58.2 65.4 By | Mgy
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AURe 60 dBA lagldseauainugeniniun 1.4 wWns aueiuides Masking N1sgAunIuf
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* F¥AUAIIUAY 60 dBA
lsifdps | 45.dBA | 50 dBA | 55 dBA | 60 dBA
AV ylng 0.115 0.087 0.024 0.009 0.003
2.0 ey r;:ismammlm 0.110 0.084 0.048 0.024 0.008
HVIN18I8aN g 0.108 0.081 0.029 0.004 0.000
Aviganulng 0.142 0.102 0.045 0.004 0.002
1.4 wnsg Hugnwlng 0.138 0.102 0.069 0.037 0.011
EVaN1WIBaNng Y 0.132 0.093 0.047 0.013 0.004
Hveanwlng 0.223 0.257 0.150 0.022 0.008
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Nan1sInA1 ST Tunisiiannnuisasssesutulvnaaiaudugiudinni wuuludl

gj a PN = o 14 . 1 o < 4 ¥ (% v A Ao
2NNU MNAUEAIHAIUAITNT 6 Faviliins Masking ludnludesddseauanunudeaiing
1NNNINNINABISUNIU 7-10 dB 1a8aINN1SNAaewdsssunNIunseau 60 dBA wuldides
Masking ¥ 50 dBA iafinRsInnunseRuaIdgs 2 wes tnedd STI ag#l 0.445 Feaglu

seauAMUTUAIUAIA YSe seaunald 0.489 Wsldaniu 1.4 wes wazlun1amsaiudiy

'
1

Weldfanwainnutulusgduanusds Masking  t@eiuat ST 889 0.687  Tunsdtlida

Y
o

wseeUsueInIa wag  0.725 Welan3edusueinie Feisassaituauudiuiiedly

(%
[y Y

JEAULETIaR



31
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4.1.1.11 TJsunsu MATLAB dwisuaing eanuuuuSusuuuudes pink noise
Wielimunzandmiuns Masking

4.1:1.12 TWunsu Logic Pro X dwisumiuainisudegids USuusdadesaunun
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aunuinuianiiunnisdszge lunisveasslaviinisadivdemeaeudadude saunun

N v a 24 o v Y = dl' Y |
sunufidanluuInalfsrinmu wazgnnauiugieids s Masker  vianewuuiivelvisden STI
a1eseau §I38laasnadusdnuiunianue 11 1@ee uaslA1 STI N5eangegsendng 0 - 1 A
wansluni1319n 7 Ineideanaaeuinantgnadisdilunaassvigidnsiunismaasuils uay

Usziliuszauvesnsiadunnegndaauvsedulannulasely
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AN5199 4 SEAU STI hagIIgazlReAdEeINaaaUnaINNIsUUANL @SRRI UNUAT ALY 1D

NAUTNULELSAUNUIAELABS Masker

58U | sedueny | Bemedeuiildannnistuiinusnaiidilisyhauneldifoulvvess
No. o . ,
ST Wusuad | Masking kuumng
10751 | wgan W@esaununsuniu 60 dB + A.C. off + Lillades Masker laidl partition
, @esaununsuniu 60 dB + A.C. off + Liiladss Masker & partition 2
2 0.700 | wau1n
LURS
, \@esaununsuniu 55 dB + A.C. off + Liilades Masker i partition 2
3 0.670 | Ly
LIRS
, W@esaununsuniy 50 dB + A.C. off + Liilades Masker il partition 2
4 0.600 | wy
LR
5 0.551 | Un# eaaunusunIy 60 dB + A.C. off + Pink noise masker 45 dB
6 0.490 | Un deaguniasunIu 60 dB + A.C. on + Pink noise masker 45 dB
. Weaununsuniu 60 dB + A.C. on + Pink noise masker + Isochronic
7 0.395 | @
sine'wave 125 H-50 dB
8 0.377 | @ LHe9aunEIsuNIY 60 dB Pink noise 50 dB + A.C. on
- WEe9aunuIsunay 60 dB Pink noise + Isochronic 18.5 Hz beats
9 0.337 | &
sinewave 125Hz 55dB + A.C. on
10 | 0.290 | #u1n Fegaunu1sunau 60 dB Pink noise 57 dB + A.C. on
11 | 0.251 | dun Pink -noise 60 dB + A.C. on

4.2.3 N152BNKUULEEY Masker
o a | X =~ A a ° v 9 v ~

nsaniunsaul 1unsenuuULdes Masker ¥andu 9 dmsuldiluniadonlu
n15%1 Sound  Masking  LiiulANUNUTDAINAITIY Pink  noise  Waaviin1Taassin
Jszansnnlunisuiane wazussiiuanufianalalnee1a1aiasiuisiunad@auanulIu 31

= dl ¥ di( 1 1 [ 1 ¥ 1 = [y 1 = a a

Ay deantieanuwuuiuintug wuseanilu 5 ngulawn idesuSuuns @easssuei @eanas
\@e9 Isochrosonic beats A3117 Beats 4749 Beta wave 9 18.5 18509 wagt@89 monaural
beats AUD Beats 929 Beta wave 7 18.5 18509 S7uV9UA 11 1@eananandlumisned 8
Tneidea No. 1 1Jwdes Masker 1a5g1udin Pink noise WuUSiAITY -5dB/octave uaz

WAed No.2 — 12 1udes Masker fas19tuunlud sazidenilsail
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1) 1d89 Masker 1nnsg1u lngldides Pink noise AUdudnaszduanudaan an
arwdalumiufigafios 3 1Eua se 1 Octave LHu 5 duase 1 octave Aast 929 150
Bsod [8] BavhliinuFesgeuosiuunnindes Pink noise Und

2) @89 Masking noise Wafivhnisusulnudedlagld Passive eq Uszunn Low pass
filter Sunsoeg U faud 7,000 sy Tnefidasnisanaanuds 24 iaBiuasie Octave
w¥austadial Effect tremolo 1y Sound processing Us¢tn" modulation Wielididssady
SNV IAZF ISR 18.5 1Bnd Fadudnsn Brian Beats fiuugthdmdunns
Wneila Binaural Beats Immmmmﬁaﬁﬂﬂﬁi’nﬁ?uagﬂmm Beta fia 13 - 21 18504 Jaidu
Prafaiuainenisiiand naedulvinssiesosudedu nedonldanuiafl 18.5 Bandifudi
YAEOUIINIANINNTENTU wamiAns beats udldkafTianlurag Beta [10]

3) Feameasiuduidesinliva Bunsidendeesssuuinuuuifndnuuzues

v
) o

\de9 Random noise masker fugUkuunsly Beats laerdasyiemaniiieaiinsenuiland

a v v Y] = ! A a v = - Ao gyva a
LAUAHANTN AnEATITURAYALIAEY Random noise WiaAdmeiFe i lvanvinlidedl
umtinaauieaneld [dewegaduiiniivinduuine vl anvazvaades Beats voudes
Wzt dgenilaauneyldsaiuidesemniveannisannIuvesdssenin tneidesusinm

enn waziilratushunandulsdesulay (http:/freesound.org) [17] [18].

4) \d@eanas Alison 98923 Slowdive [26] 1UuAUATWUI Shoegaze Faduluwinunsa
TlugAae Yar80’s fanu 90 Minuaadaindngaerniineasauns NME dulaluvunis
= & o Aa oy ¢ & | v X ] ] Ny &
LEnvRINAURsHINT Insdinaainnsndensstiuliventhduunuaus ngu Effect Afns
Yalng) taelsenidn Shoegaze [11] Insuuinunstidsinnsasld Effect distortion fumn
azdeaunn wuwaswdseinslinaigduussennia 195U Reverb delay modulation
wane 9 Uszanauldss TndlAes Random noise F9LADNUMARDULNTIZINITODNLUULEDS
InaLAes noise unsnludImIzaum3
5) Isochrosonic beats A0 beats 71 18.5 18509 Isochronic tunsldides sine
[y 1 a o a a I [ a 1 I~ . A
wave tone N13a@duTENINed Au ldfides 1Wudene beats [10] 18504 lnaldes Sinewave 7
THuusoonifuddisainud 125 185 250 uag 440 \dsadsiuviondn 4 @esdadugiuainud
Tugsaunun neaudasiian 440 snduwdugasninudides sine wave d15U beat 1
Nfamsfiuszansnindusunsld Brain beats [14]

6) ﬂ&jmﬁm monaural beats 1118 beats 71 18.5 18504 monaural beats 1Jun1s

PMEeIaaUlAgNNSHANLED Sinewave @aadgdNiANNINIeUbarUagLAgI9DNUINSDUNY


http://freesound.org/
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fiflamiEa beats mufvun uiseeniludn 1) 106.5 Hz fu 125 Hz 2.)166.5 Hz fu 185
Hz 3.) 231.5 Hz AU 250 Hz wag 4.) 421.5Hz Av 440 Hz [12]

Tneiangu Isochronic way Monaural Huld nduannud Beats 9 18.5 Hz Gvagluzag
Beta beats 9aUszavAlfowaTuaiunmdanns nmsiuf anuszuanseds [13] aduadis
auddlalunisyiey Tnenisadrades Beats $aufu 1Boq Pink noise Faildrudieiasuadng
m3¥udides Beat TARB9TY [12) n1silevinaudesssning Pink noise U 1Feq Beats tuayl
aufainstulasinausniedesinseiuausades Yaanfiuiinaasslufiuiinaaey
szuANRIUSUINARuTawmes TneuSulilag Pink noise #19 55 WTtua wavides Beats 7
53 LATLUANINAIAU
M13199 5 NRULEEY Masker H1MSFIULAE LAEI Masker foenuuutulyasastmun 12 1Fo

dwsulalunis Masking

naudes | No. \ie)9 masker

\@&9 masker | 1 | Pink noise with-5dB/oct slope

o o Pink noise with -5dB/oct slope + Lowpass filter cutoff frequency at
\FUIUIULAY | 2
7000 Hz + tremolo 18.5 Hz

\He9555UsA | 3 | Beach and Water sound

LAUUNAY 4 | @eanad Alison 989979 Slowdive

5 | Pink noise with -5dB/oct slope + Isochronic sine wave 125 Hz

Isochroni
sochronic 6 | Pink noise with -5dB/oct slope + Isochronic sine wave 185 Hz

beats - 18.5 Hz

7 |-Pink noise with -5dB/oct slope + Isochronic sine wave 250 Hz

Beta wave
8 | Pink noise with =5dB/oct slope + Isochronic sine wave 440 Hz
Pink noise with -5dB/oct slope + Monaural beats sine wave
9
106.5+125 Hz
Pink noise with -5dB/oct slope + Monaural beats sine wave
Monaural 10
166.5+185 Hz
beats - 18.5

Pink noise with -5dB/oct slope + Monaural beats sine wave
Hz Beta wave | 11
231.5+250 Hz

Pink noise with -5dB/oct slope + Monaural beats sine wave
12
421.5+440 Hz
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4.3 Jidr3umagau wazn1svinLuuaauny

4.3.1 fidr3umagay

v

dinsiunaaeuiineun 31 aukdadumends 8 AU waslnAvIy 23 AY

v v

(A5EUVDIDEHIVMAGRY = 23, AIEIUTEAUUNINTZINVEIRIYHLUIMAGOU = 5.052)
=

nnauduaudgynalnednlng duinfnwdiua 18 au wazdwimdaduninauenyy

U 13 AU

4.3.2 NM1SYINLUUEIUAIY

wuvasuaulunsnaasusu iy 2 dulnsusazdiuilainiusdl

daudl 1 1 3unsnaasulagliidnsinnmaaesilademaaeuildduding1u
Headphone Wig1uau 11 @89 usazidesiinn STI uana et uLaUsliusEAUANLTALI LD
nslaguAmnilautnussiuls langidennau 5 szauain 1-5 lagseau 1 nunefiedaiau
tioeiigavidelallidudme sgiu 2 mnefedalautes sefu 3 mnefeiaaulnas sedu
4 yanefadaauann seiu 5 mnefdiaeuinniign wansuszduildangneuuuuasuay
e 31 AuazildAessimsenaiem AL YUl STl sold

dwil 2 Wumsaevanupnuieneladeidesfioanuuunilng lagligidnsauns
neaesiladomaasuiildsonuuuiioduides Masker  dmsuldimaunuides Masker
IR 10 11 @eesauiude Pink noise 11a5g11 T3mUn 12 e wazuuaguuuy
Foaduaosyades gan 1 1Wuyalnaides Masker Tngnss i 2 10uyelwdides Masker 7
fin13 Masking fuldesaunuasuniuivsnalderhauleglian ST 9gzAUUTEINN 0.43 -
0.45 aglussRumanzaumusLuzaasg I [3] Tudssimuadiuin 22 Aos wdalieg
Uszifiuneusziumiufianelevendesiildduinfanelaluszdula Tnedenmeu 5 sedu
spiuan 1-5 lngsedu 1 mnefefianelatesfianviolifianelaias sedu 2 munefefianela
o8 52AU 3 waedeianelaliunan seiu 4 wunetsianelannn Seau 5 wuneienslaunn

ign waziualaluIwsgsimseauanuiianelasely
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4.4 HANISNAGBUINNNITABULUUADBUAIY UAZAISAATIZH

4.4.1 SLAUAMUFUNUSVDY STI AUASNAFBUNIRSS

NnwansiiEss aunulusiomaass Mdaszuy Masking Tnsauaudn STI
fuldnauspidunandunsed 9 lasthen ST wae mawvUnaUNsHaUTsuisuiulag
T8 mamananduiitus (Correlation) Tnedauyfgiudsid Hyr = 0 Saduauyfgnudr STl
feuduiusiu Hyr > 0 \uauyfsiudn ST SanuduiudmmananiuAiadsvessedunnm

Faaulunislagumyavesgidisiayseidu

A5 9 ARREATLUUTILAIINNIIABULUUABUAINYBILTINNAFE LTI 31 Aulung

Uszilusgauanudaaulunisiigudmaveddsmaasudiuu 11 ildides

:;:k i STI seduadanlunislauryn
1 0.751 Zoce
2 0.700 2 JA
3 0.670 YA
4 0.600 AR
5 0.551 Wis
6 0.490 Tl
7 0.395 X0
8 0.377 o
9 0.337 1129
10 0.290 097
11 0.251 194

31NM1519AIUIAT Correlation  58139An STI wazseauaudalaulunislaguy
Amalagld Excel fds Correl 1 1 = 0.938 e STI wag wansUsziiumy
Tnnaudeyanailedanuduiusioumuiu mildtugann mneamuifoyaiaessedud
Awdiusiugs vasaalaen r udludummen t iethlugnsduiam wmsiiwes

t A USUMTIATIEINeaaRge t — distribution [20][23] MNENATTT (2)
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n-2 11-2
t=r > t =0.938 ’—2 t=28.1180 (2)
1-r 1-0.938

e t Aldiisutuainngeitlédannisne tdistribution 7 G = 0.0005 LUU One tail

wwszduasiansdrufuduinlifiinay, df = n -2 = 11-2 =9 WU tingn = 4781 Fauiiy
It g > t ange JUDEAS AUYATIY Hy wazouSuauyAgIu H,; uansin A1 STl fins197n
Fee5vuu Masking Tufiuiinaassiuiinnuduiugmauniuuunageunsléduadanns
fladesfivuiinunanieaneass finn Confidence level 71 99.95 % a1nA1sAILIMERENTUS

anansmihveyauuanIiANIIANUENTITLS vuLHUNMNSEAedandlugun 5

AT 5 ANURUGTHUUNTEATY HaAIAIANLFITUSTENINAT STI kazNan1TNAdRUALEES

Correlation STI / Hearing Test

4.500

4.000

3.500

3.000

2.500

2.000

Hearing test rate

1.500

1.000

0.500

0.000

STl rate

4.4.2 AMUNINela vaudes Masking
HanNsviivunageulumuauianelanngdidmaaey 31 AunuIndes
fldrnaisanelalungulndides Masker Tnomsaduides Masker 7 3 Fadudosssendn
nanszritadssemaiuidssilvaldaade 368 lussduanufionelanin uazides

Masker 9 4 LAsanwad Alison ¥8929 Slowdive Tuanaden 3.42 Tuszauliunais 1y



a2

deoanas Falasundauilazidnneladuidoanatwasdewssund ludunannuiianela

ﬁ@ﬂﬁqm‘ﬂm?{m Masker 71 8 1 UuLdes Pink noise with -5dB/oct slope + Isochronic sine

wave 440 Hz lapghuud 1.97 Tuseaudios aawandlunisnan 10 d@unan1suseiuaInuig

wolavaanguides Masking 3oideeaunuIsUNIUYAEYN Masking 93eMuTianulAzyineu

wandlumnsed 11 psuuuaunelalpesiudesnindieiisuivyalidides Masker Jadead

lesuanunelaginfiantu dududesnauazdessssuwd lnevsaendeeglussauuiy

na1s wazidsunasflanziuuauiisnelauinigan 2.61

\FeesssuvIAtduegi 2.58

o w = . A a v @ aY vo =
MUY L8N Masklng VlLﬂ@ﬁ]’lﬂmﬂ‘ULaEN Masker LL‘UUZ‘J']miiqULUULaﬂﬂmiﬂiUﬂquWQ

wolaleegnmenzu 1.52

a

M1319 6 sEAuAUNElR Set ideayad 1 (Iwdides Masker)

No. GEN ALY | Total

1 | Pink noise with -5dB/oct slope 2.55 | Uunang
Pink noise with -5dB/oct slope + Lowpass filter cutoff

2 | frequency at 7000 Hz + tremolo 18.5 Hz 255 | Uunang

3 Beach and Water sound 3.68 1N

4 GENAIGN Alison U84739 Slowdive 3.42 Yrunang

5 Pink noise with--5dB/oct slope + Isochronic sine wave 125 Hz 2.45 oY

6 | Pink noise with -5dB/oct slope + Isochronic sine wave 185 Hz 2.06 1og

7 | Pink noise with -5dB/oct slope + Isochronic sine wave 250 Hz 2.03 1og

8 | Pink noise with -5dB/oct slope + Isochronic sine wave 440 Hz 1.97 1og
Pink noise with -5dB/oct slope + Monaural beats sine wave

9 | 106.5+125 Hz | unens
Pink noise with -5dB/oct slope + Monaural beats sine wave

10 | 166.5+185 Hz 2.16 o
Pink noise with -5dB/oct slope + Monaural beats sine wave

11 | 231.5+250 Hz 2.32 1og
Pink noise with -5dB/oct slope + Monaural beats sine wave

12 | 421.5+440 Hz 2.10 Uoy
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M50 7 seauaunela Set Wdosyad 2 Indldes Masking fuldesaununsuniufignnasiu

sevdea Masker Tuusnaldevinau

No. | \Hes AZLUL | Total
1 Pink noise with -5dB/oct slope 1.52 1oy
Pink noise with -5dB/oct slope + Lowpass filter cutoff
2 | frequency at 7000 Hz + tremolo 18.5 Hz 2.45 oy
3 | Beach and Water sound 258 | Yunang
4 | @eanas Alison 98999 Slowdive 261 | Yrunana
5 Pink noise with -5dB/oct slope + Isochronic sine wave 125 Hz 2.39 1oy
6 Pink noise with -5dB/oct slope + Isochronic sine wave 185 Hz 2.00 1oy
7 Pink noise with -5dB/oct slope + Isochronic sine wave 250 Hz 2.16 1oy
8 Pink noise with -5dB/oct slope + Isochronic sine wave 440 Hz 2.42 1oy

Pink noise with -5dB/oct slope + Monaural beats sine wave

9 | 106.5+125 Hz 2.10 1og

Pink noise with -5dB/oct slope + Monaural beats sine wave

10 | 166.5+185 Hz 2.32 1Jo¢

Pink noise with -5dB/oct slope + Monaural beats sine wave

11 | 231.5+250 Hz 1.84 1Jo¢

Pink noise with--5dB/oct slope + Monaural-beats sine wave

12 | 421.5+440 Hz 252 | Yrunang

4.5 nMsnaaauUssansn nuaadss Masker ldeanuwuuaduunlusilun1s Masking

a

mimaauléfﬂizLﬁuﬂizawﬁmwiumimaﬁqLﬁaa%ﬁqmmLﬂudauqﬂﬂamau?{m
Masker flsioanwuuilumiadandiuay 11 @euasides Masker 110551U¥HA Pink noise
a 1 = o a 5 ¥ a a
593 12 \de9 lneuaneded Masker 31Na1NERAAAINATUAIUUY LAgIEEEUNUITUNIUANN
WUNUTEYUNTEAUAINAY 65 dBA Uazfnfdeainnunsesuaiugs 2 wns Wassuuliu
21nAlUADd WAYIIN15MSIATAAY STI Aanandlum1sen 12 et ST Alaldiasigi
UseanSnnlunis Masking veetdeoaniuufnIMIoLguLE@US Masker 11RSFU

50kl
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M131991 8 sEAU STI vasdedluusnalfzyinanudialdidss Masker 11nsgiuuazoaniuulng

A1 STI TusgAuANUAdLEeS

No. | \das Masker Masker #1143 9)
45 dBA | 50 dBA | 55 dBA

1 Pink noise with -5dB/oct slope 0.49 0.442 0.377
Pink noise with -5dB/oct slope + Lowpass filter cutoff

2 0.494 | 0.448 0.388
frequency at 7000 Hz + tremolo 18.5 Hz

3 Beach and Water sound 0.497 0.431 0.416

4 \deamas Alison 99933 Slowdive 0.503 | 0.452 |0.427

5 Pink noise with -5dB/oct slope + Isochronic sine wave | 0.486 0.395 0.337
125 Hz

6 Pink noise with -5dB/oct slope + Isochronic sine wave. | 0.493 0.422 0.318
185 Hz

7 Pink noise with -5dB/oct slope + Isochronic sine wave | 0.493 0.434 0.332
250 Hz

8 Pink noise with -5dB/oct slope + Isochronic sine wave | 0.495 0.439 0.381
440 Hz

9 Pink noise with -5dB/oct slope + Monaural beats sine 0.481 0.429 0.320
wave 106.5+125 Hz

10 Pink noise with -5dB/oct slope + Monaural beats sine 0.488 0.432 0.343
wave 166.5+185 Hz

11 Pink noise with -5dB/oct slope + Monaural beats sine 0.484 0.433 0.36
wave 231.5+250 Hz

12 Pink noise with -5dB/oct slope + Monaural beats sine 0.504 0.449 0.369

wave 421.5+440 Hz

INAITNA 12 TIUINSIEseeuLdes Masker 91 55 dBA $aufUn1sAAGT Partition

49 2 wnsluiiuinaaes ynides Masker Tuanunsanavviuidesaununsuniulalagluen STI

U919 0.3 - 0.4 agluseauauin uazinounndes Masker Tusgauaua 50 dBA #1310
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NAUTIULASSAUNUNITUNIUTEAUAINAY 65 dBA Fau1ndne 15 wdiualaluseauunsgiud

A1 STI 0.450

v a a

lneynides Maker A1 STI agfigasuseann 0.39 - 0.45 lagidusiivinlanignae

9

\d8)9 Pink noise with -5dB/oct slope + Isochronic sine wave 125 Hz 71 0.395 warlumis

ASINUTIULELLNAY Alison 899 Slowdive Mg STI Wwinfu 0.452

4.6 @3UnNan1INAaDY

Tun1sneassdruunsnidunsasradumeaauiioUseiliudseansnnnisusnnudy

1 Y v A

druslvanail STI Inen1staisnismaudunusiunisnaasuiadesaununluremnasd
MUaszuy Masking laspjauauen STI du narlulumuauyfgny wazal STI AU wanis
paaauilalUuludidaniauin wazdaUAUWULS r= 0.938 1aglaA1ANLLYDIUN 99.95% WaA

Wi n1s¥a STI SuaansaliunumsnaaeulssansaInsyuu Masking fleAuasela

'
=

druveanisneadeuidesfieonuuuiduniuden nanisneousvvdeuaulananddn ndes

=

gonkuuivi anunsanauviulsiisuwinvsemnnnindes Masker 1asgiu Tneynideadien

sa

STI #1nd1 0.45 ffu WISATUGS 2 Lums Tl RvieuilaeiosUsuenned naustuides
AUNUITUNIUANAS 65 dBSPL Budsunslinanmasolien ST 1éAnideaninsgu
aenslsAmulunausfiuaufiswsloiud 2 Fesldundossssumnpuazidounasiadatumn
Tnifilasyaumnuiisnelasnnidloflaameidos Masker uazseaiuauiianslaiunanadle
ils BosiiAnnnnisuiansssiinmssudeufusywinados Masker wasi@osaununsuniudiify
yhau eildsanasliduanaiomelefifueian ST desnirannpsguiisadnioseiasos
diusriupnusadeanas Welideuwnataiunsn Masking iieadrsnnnuludiusaliny

AT
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una 5

a7UNaN13Id8uazdaLauaLUZINIAY

5.1 d@5UNan1sIvY

s TaUsTanEamATINENS

N13ANEINITIAUTEENSAINA1S Masking ioadrennududiusalufiuiidgtne
WUU Open plan lalin1sinmAn Al uag STI Lﬁuﬁaﬁﬁ@w%mmmuﬁﬁﬁaLLuzﬁﬂummgm
ASTM wun Al wag STI Tinaluludirmaiendu egrslsinuainnisnaassdnwinuin STI
Tﬁmﬁ'ﬁjﬁwaé’wéﬁﬁaamé’mﬁ’umiﬂizLﬁué’wmi%’uia‘%ammdﬁ Al uaz STI Safldunounis
anaiafiazmnuazldanuaialduinnia lasgidsldeenuuunmaasiiemaudusiug

sgmInAnetl STI Aunsusslivienssuslngldanaadansuasinsenigeadifdnty

Uszansaw STI Tunisusdiaanududiuynae :
WansivaauAmNUITetevasdia STl dusuldidualunisinseauanududiu

uaraluiuilen §Idelaasiedyaradomegeudadudesauusuniukaggnnauyiusag

a Ao = v

V@g9 Masker  vangukuy tuan InkInaeuassndunnmiglulasinuludwniausiialdy

UfiRusesnsadernududiusy Tnolidyaramaaeuriomndiuiy 11 dde el

ALY

STI wnneinariu laeen ST NSEA18REEWINN 0 — T Msnadeunswilageraadnsduney

= a 1Y o VYa o = & = v =i
wuvgeunuiiveyssiluszAuautaulunisiaguamaaunuidaludessuniudiand
& A awa o ¥ a & (J av v o a L3 aa
WU TR ndmeUresUssluavuadIuIg 31 Aunla WethinInseinan1aia

1% = a [ 1 v YV = v [y [ 1
La? wuinsUsziumuludiufmmuAusiALaDnAae9nU STI Tngn15inel

'
o v

correlation 1@ANE9 0.938 wazAn t 71 8.1180 Imammmﬁaﬁuﬁfuag}ﬁ 99.95% TududnAi

o

=

oL =0.0005 Feasulaan A STI Wunisiadesiuu objective NilAuuGeiiofiasnely

9

N3IAANUTEAVEAINANT Masking LnuUN15ns19 AU Subjective TagltAuaiansiadn

nsindszanamwanatlugruyanaluiiuidlasenisangne sannunisldainnu

= [y v

nslEsEuU Masking Lileasnemnududiudlusiunlegslseiumnunadeswes
VASAUNUITUNIUUTZUI 60 — 65 dBA Tmeiivdsa Masker linanetduaiuiiiuiuides
SUNULAELDY @10715019RINNAUNIAARNITEUININUN I UNUNUNAS 1B ALITUNIU WaNIS

1%

naaeanuIdmsuiunUangslilatnsusulianmanuesAaRneies aannuYleLEsy
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Usgdnsnmlunis Masking W@esunntuninlidfnfeainiu 1@ue Masker NilsgAuanuaudes

saaa

Wegnindsaununsuniuainsanauiudsssuniuadle Ingnadnsinngadmsunisnnaes
UAe Taniugs 2 wnsaruaiuldes Masker Tussduaududeatasiiies 50 dBA Faun
nIndedsuNIUndeanIsnaude 10 dBA fAanunsaasnanuludiuiilalaglde STI 7 0.445

Feagluszaumududiudinmun

AMseRNUUULEEY Masker tiallumaidandniuldlunis Masking :

AIdulaniseenwuuldes Masker dmsuldlunis Masking wenwilearnidedldides
Pink noise L1Uwidsa Masker 1nsg1u lnalafigauszasdiiaiiuyszdnsninnis Masking
= va o v v o = . . a = a
des fidelevanuuulaglinisdnuuaudes Pink noise 1105311 NMSLESUEISTINA N3
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A B C D E F G H | J
White noise
10dB
Louder the White noise Test Speech Test Speech  Listener -

Speech Level ; ; " Signal-to- - Al
Fraquency BK im 1QdB Sound Reteior Sound in Llste_n Location e Weighting TR
Range (Hz) distance in Office (B-C) Anechoic Location mean (dB) (F-G) factor (Hxl)

9 Sound in plan Chamber (E-D) ambient
Anechoic
Chamber
200 46.9 45.2 1.7 38.5 36.8 36.6 0.20 0.0004 0.0001
250 51.8 45.3 6.5 45 38.5 39.1 0.00 0.0010 0.0000
315 55 471 7.9 421 34.2 38 0.00 0.0010 0.0000
400 57.3 52.5 4.8 48.4 436 41.7 1.90 0.0014 0.0027
500 57.7 52.8 4.9 53.9 49.0 41 8.00 0.0014 0.0112
630 58.8 54.2 4.6 49.1 44.5 421 2.40 0.0020 0.0048
800 61.2 53.9 7.3 50.4 431 42.4 0.70 0.0020 0.0014
1000 63.1 55.6 7.5 48.6 411 42.6 0.00 0.0024 0.0000
1250 62.9 55.3 7.6 52.4 448 42.6 2.20 0.0030 0.0066
1600 67.6 56.9 10.7 49.3 38.6 437 0.00 0.0037 0.0000
2000 70 61.7 8.3 47.2 38.9 40.6 0.00 0.0038 0.0000
2500 72.7 64.5 8.2 48.5 40.3 39.5 0.80 0.0034 0.0027
3150 71.3 61.8 9.5 43.3 33.8 39.2 0.00 0.0034 0.0000
4000 68.5 59 9.5 401 30.6 37.3 0.00 0.0024 0.0000
5000 71.6 59.9 1.7 42 30.3 35.2 0.00 0.0020 0.0000
A-Weighted (<0=:?6)>30= Al (Totaly,  0.0295
Pl=(1-
A)X100% 7%

AANUIN N 4 #52979A7 dBSPL d1USUNISNAAUNIAT Al TUi99 semi anechoic chamber
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Privacy Evaluation in Open-Plan Office Using Sound Masking and Removable Partitions

Wongsakorn Jiraworapitak1 and Chukiet Sodsri'*

Abstract

This study presents an evaluation of sound masking for increasing speech privacy in open-
plan office where a workstation was next to a meeting area. General recommendation, that an
appropriate broadband masker sounds with sound pressure level of 7-10 dB higher than the speech
level must be used for achieving speech privacy, may not be suitable since the masker itself can be
too loud and becomes unwanted. Partial-height sound barriers can be used with sound masking to
gain better acoustic privacy. However, there exists curiosity if the barriers, such as removable
partitions with high height or low height yield different privacy. In this work, experiments were
performed to compare effects of the sound barrier heights on the speech privacy in a workstation
where sound masking was employed. Results showed that in high reverberant environment, high
height partitions did not necessarily yield better prevention of the.intruding sounds. However, the
high height partitions indeed influenced better speech privacy when used with the sound masking,
since it helps to reflect and naturally amplify the broadband masker sound in the workstation.

Keyword: Speech privacy rating; Open-plan-office, Articulation Index, Speech transmission index

I.  Introduction

An open plan is an area that was usually of a floor utilized as large and open space. |t
normally minimizes uses of permanent walls for creating small rooms or private offices. The open
plan office is now a trend for new startups, since it allows new entrepreneurs to quickly start their
businesses with economical cost for infrastructures. However, one of problems in sharing the open
plan office is privacy. A conversation in a workstation or meeting area can be heard by persons who
are working in next workstations. Persons who-make the conversation may losses their privacy, while
the persons who are working may be disturbed by noise of the conversation and lose their
concentration on works.

Sound masking has been studied and used for maintaining privacy and handling excessive
noise in open areas such as libraries, open offices, and hospitals (Taylor 2016; Xyrichis et. al. 2018).
For securing privacy, it is normally recommended that the sound masker level should be 7-10 dB
higher than level of the sounds to be masked (Howard 2009). However, the masker itself is
sometimes a noise source, especially when the masker level is high. Removable partitions have
been used in some open-space offices for quick constructing private workstations, but it is not fully

known if they can truly prevent the intrusive noise and influence good privacy in the workstations.

1Multidisciplinary program in Acoustic Design and Sonic Arts, Graduate School, Silpakorn University, Talingchun, Bangkok 10170, Thailand.

2Depanment of Electrical Engineering, Faculty of Engineering and Industrial Technology, Silpakorn University, Nakhon Pathom 73000, Thailand.
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This work presents an experimental study of effects of using removable partitions and sound
masking for creating privacy in a workstation. The experiments were done in an open-space office
where a workstation is located 2 m away from a meeting area. Pink noises with different sound
pressure levels were generated via an over-head loudspeaker above the workstation for masking
intruding conversation speeches of the meeting. Three difference workstation scenarios, without
partitions, with partitions of 1.4-meter and 2.0-meter heights, were tested. Articulation index (Al) and
sound transmission index (STI) were used as measures for the privacy. The study results would hint

proper uses of partitions in cooperation with the sound masking for obtaining a better privacy.

II.  Sound Masking

Sound masking is phenomenon that occurs when two or more sound happens at the same
time. Human can perceive the louder sound and cannot hear or recognize the quieter sound (David
M. Howard, 2009, p.263). The sound masking has been applied to reduce the perception of
unwanted sounds by generating a steady and broadband noise-as a sound masker into a target
area. According to ASTM standard E1374, it is recommended that the appropriate broadband sound
masker with combination of partial height barriers, and sound absorbing ceiling and wall can be
used to achieve a level of privacy. A successful open-space office is a result of careful coordination
between these components (ASTM E1374, 1998). However, the selection and interaction of the

components must be understood.

lll. Privacy Measures

The privacy can be influenced by many varieties of factors such as space proportion,
distance, ambient sound, room acoustic and speech characteristics. For speech privacy rating, there
are several measures, such as articulation index (Al), privacy index (Pl), and speech transmission
index (STI), that can be used. All these measures are for the measurement of speech intelligibility

which is inversely related to the speech privacy.

A) Articulation Index
Articulation Index (Al) was introduced 7 decades ago by French and Steinberg (French and
Steinberg, 1947; Mueller and Killion, 1990). It is an expression of weighted summation of signal-to-
noise ratio in 1/3 octave frequency band from 200 Hz to 5000 Hz as in equation (1), where W, is
weighting factor for band i and R, is signal-to-noise ratio for band I . Al for speech privacy can be
obtained by measuring Ri and using V\/ias recommended in ASTM E1130-08 standard (ASTM,
2008). Values of Als range between 0 and 1. The values close to 1 represent situation where high

speech intelligibility exists but it is of low privacy. In contrast, the values close to 0 indicate poor
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speech intelligibility but very good privacy. Table 1 displays relation between Al values and level of
privacy as suggested in the ASTM E1130-08. Since Al is inversely proportional to speech privacy,
the ASTM E1130-08 recommends a so-called privacy index (Pl) defined from Al values and
expressed in percent as in equation (2). Pl values of 95% or more imply that confidential speech
privacy is obtained and the Pl values between 80 and 95% are corresponding to normal privacy

normal speech.

15

Al =Y WR; (1)
i=1

Pl =(1- Al)x100% 2)

Table 1 Articulation Index and level of privacy

Level of privacy Excellent privacy Normal privacy unacceptable No privacy

Al Value 0.00-0.05 0.05-0.20 0.20-0.30 0.60-0.75

Source: after suggestion in ASTM E1130-08 standard, 2008, p. 6

B) Sound Transmission Index (STI)

Sound transmission index (STI) was first introduced by Houtgast and Stteneken in 1971 as a
measure for physical measurement of speech intelligibility of communication systems (Houtgast and
Sttenneken, 1971). It-originates from a-concept that the speech transmitted via any mean of
communication channels is degraded and only limited transfer information is perceived at a receiver.
The degradation may due to-non-linear distortions, background noise level, reverberations in the
communication channels and resultsin a decrease of the received speech content (Steeneken and
Houtgast, 2002).  In contrast to subjective evaluation by listening to actual speeches, the STl is a
quantitative approach that needs a special synthetic amplitude-modulated signal for measurement
and calculation scheme making use of the physical properties of the transmission channel. The
modulation frequencies are from 0.63 Hz to 12.5 Hz with separation of 1//3 steps, yielding 14
frequency bands and carrier frequencies of the modulated signal are center frequencies of octave
bands from 125 Hz to 8 kHz (Steeneken and Houtgast 2002). The calculation of STl is done based on
a weighted frequency-band summation of levels of intensity fluctuation between signals before and
after transmissions. Values of STl vary from 0 to 1 corresponding to speech intelligibility from bad to
excellent, respectively (Steeneken and Houtgast 2002). Table 2 displays the STl values and quality of

the speech intelligibility.



Table 2 Intelligibility and privacy rating of speech transmission Index (STI) for sound masking
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qualities
Level of intelligibility Bad Poor Fair Good Excellent
Level of privacy Excellent Good Fair Poor Bad
STl Value <0.30 0.30-0.45 0.45-0.60 0.60-0.75 >0.75

Source: after Steenneken and Houtgast, 2002, p. 120.

IV. Experiments
A) Materials and Equipment
Macbook Pro-13 laptop with logic pro x software for generating sound maskers and speech
sounds
IMB Thinkpad R52 laptop with an-installed licensed EASERA software for measuring STI
index
4 inch Mirage loudspeaker for emitting masker sound, installed at ceiling above the
workstation
Crown XLS 1500 amplifier for amplifying sound signal power to the masker loudspeaker
JBL EON 315 Active speaker for emitting speech sounds
RION NL- 52 class 1 sound level meter level for measuring sound pressure level (SPL)
SE condenser microphone
Focusrite scarlet 2i2 -sound interface for converting digital to analog signals from the
Macbook laptop to-the active loudspeaker and analog to digital signals from the SE
condenser microphone to the Macbook laptop
MATLAB with a research license for creating and designing sound shape of pink noises,
used as sound maskers

Microsoft Excel for SPL data collection

B) Open-plan office layout and equipment setup

A part of our research laboratory was rearranged and used as an open-plan office for the
experiment as displayed in figure 1. The open space was made of rigid walls and cement ceiling with
the space size of 3.5-meter height, 4.5-meter width, and 11.8-meter length. The open-plan office was
consisted of a workstation located next to a meeting table. For creating privacy in the workstation, a
4-inch loudspeaker was hanged on the ceiling above the workstation, at height of 2.5 m from the
cement floor for emitting the masker sounds. Location of working chair in the workstation was 2 m
away from speech sources. For the experiment, a self-powered loudspeaker was used as a source of

distractive speech sound. Condenser microphones for measuring STl and recording the sound in the
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workstation and a sound meter level for measuring sound level in dB(A) were placed at the location
of the working chair. Three different scenarios of the partitions, 1.4-meter and 2.0-meter height
partitions and no partition, were tested by placing them at the middle between the meeting table and

the workstation.

C) Experiment procedures

Two experiments were performed. First was to verify if the taller partition would yield better
protection of intrusive sound than that using the shorter partition. In this experiment, the air-
conditioner in the office was turned on. Three different partition conditions, no partition, 1.4-meter
height partition, and 2-meter height partition were tested. Broadband white noise was generated and
fed to the self-powered loudspeaker located at distractive -sound source location. A class 1 sound
level meter was used to measure sound pressure level (SPL) in 1/3 octave bands and dBA units.
Table 3 displays the results of sound pressure level at 1.2-meter height from the floor at the working
chair location in the workstation.

Second experiment was to justify if the higher height partition influences better speech
privacy in the workstation while-sound masking was being utilized. In this experiment, pink noises
were used as masker sounds and three different workstation conditions of no partition, 1.4-meter and
2-meter height partitions were tested. Three different speech sounds, female and male voices of Thai
speaking and female voice of English speaking were fed to the self-powered loudspeaker to emit
distractive speeches that were-needed to be masked-in the workstation area. The RION Class 1
sound level meter was used to measure sound pressure levels at the chair location with 1.2-meter
height from the floor. The values of signal-to-noise ratios R; were obtained based on suggested
procedures in ASTM E1130-08 standard. Then Al.and Pl values were calculated using the equation
(1) and (2), respectively. STl-was ‘also measured by placing a condenser microphone at the chair
location and 1.2-meter height, and using the EASERA software. Figure 2 shows equipment and setup

during the experimentation. Results of Al and STI measurements are displayed in table 4.
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Figure 1 Top view and side view of open-plan office layout and equipment setup

(a)

Figure 2 (a) Setups of a condenser microphone, a sound pressure level meter and masker

loudspeaker at the workstation for measuring Al and STl values while utilizing sound masking and (b)
self-powered loudspeaker placed in meeting area at the distractive sound source location during

experimentation.
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V. Results and Analysis

Results of measured SPLs for all 1/3 octave bands between 160 Hz and 8000 Hz for cases
of using no partition, 1.4-meter and 2.0-meter height partitions are displayed in table 3.
Corresponding wavelengths (A ) of each centered frequency were also calculated from the relation
A=c/ f  where ¢ is sound speed in which at temperature of 26 °C equal to 347.1 meter/second,
and fis frequency in Hz. Theoretically, diffraction occurs when sound wavelength is longer than the
dimension of obstacles. For the case of no partition in our experiment, all frequency components of
the sounds could travel into the workstation. Hence, SPL values for all 1/3 octave bands were high,
between 42.2 dBA to 61.8 dBA. For the case of using 1.4-meter height partition, sound frequency
components of wavelengths higher than 0.2 m would be able to diffract. Diffraction occurrence was
analyzed and indicated as in table 3. Similarly, for the case of using partition of 2-meter height, the
sound frequency components of wavelengths lower than 0.8 m would not be diffracted, but reflected.
These are very persistent to the obtained SPL results. As seen in the table that, for partition of 1.4
height, SPL values in the 1/3 octave below 2000 Hz are approximately the same as that for the case
of no partition use, but at the octave equal to or higher than 2000 Hz, the SPL values are of more than
3-dB differences. In a similar way, for the use of 2-meter height partitions, SPL values in the octave
below 500 Hz are approximately the same as case of no partition use, but the SPL values in the
octave equal to or higher than 500 Hz, the SPL values are of higher than 3-dB differences. Both
partitions of 1.4-meter and 2-meter height yielded much lower total SPL values, more than 5 dBA
lower, compared-to-that when.no partition. However overall sound pressure levels between using

partitions of 1.4-meter and 2-meter heights are approximately the same.

Table 3 Measured SPL in 1/3 octave frequency bands at workstation for three different type of

partition uses and analyzed results of sound diffraction occurrence.

Centered Wavelength | Sound pressure levels at workstation Sound diffraction

frequency in | [m], at [dBA] occurrence

1/3 octave temperature | No partition | 1.4-meter 2.0-meter 1.4-meter 2.0-meter

band [Hz] of 26 °C height height height height
partition partition partition partition

160 2.169 46.7 44.6 47.2 Yes Yes

200 1.736 49.8 48.7 47.9 Yes Yes

250 1.388 51.6 49.5 51.6 Yes Yes

315 1.102 52.6 51.3 55.5 Yes Yes

400 0.868 57.8 55.2 61.2 Yes Yes
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500 0.694" 58.5 55.9 62.8 Yes No
630 0.551" 58.6 57.8 61.8 Yes No
800 0.434" 59.2 56.7 62.5 Yes No
1000 0.347 60.5 58.2 65.4 Yes No
1250 0.278" 60.9 58.8 66.0 Yes No
1600 0217 62.5 60.0 68.8 Yes No
2000 0.174"" 67.2 63.3 725 No No
2500 0.139"" 69.9 64.8 74.1 No No
3150 0.110"" 67.0 63.0 71.2 No No
4000 0.087"" 63.9 61.3 70.1 No No
5000 0.069 " 65.0 61.2 70.9 No No
6300 0.055"" 64.2 60.7 715 No No
8000 0.043"" 61.8 58.5 70.4 No No
Total - 74.9 68.7 69.3 - -

Remark *Wavelength less than 0.2 meters would not diffract around the 1.4-meter height partition

Hwavelength less than 0.8 meters would not diffract around the 2-meter height partition

The results of Al-and STl measurements for speech privacy-testing are shown in tables 4
and 5. Both Al and STI were-in fair agreement of privacy rating. However, when the sound masker
emitted 60 dBA or 50 dBA of masking level to mask the 60.dBA intrusive sound, the STl yielded the
rating as good privacy, while the Al provided the privacy rating as excellent. The STl indices were
more dynamic and reasonable in privacy rating, compared to that of the Al indices which were less
dynamic. Our results that the STl was more acceptable, is consistent with the statement in Mueller
and Killion (1990) and the STI had been used as our primary measure for considering the effect of
partition heights on speech privacy in the workstation.

From STI privacy rating in table 2 and test results of effect of partition heights on speech
privacy in table 5 and figure 3, both1.4 and 2-meter height partitions yield better privacy rating,
compared with that of no partition use. The uses of partitions benefit the sound masking that the
masker level is not needed to be 7-10 dB higher than the disturbance. In fact the result shows that for
masking the 60 dBA SPL distractive speeches, when removable partitions of 2.0-meter or 1.4-meter
heights were employed, only sound masker of 50 dBA SPL was needed to achieve the STl values of

0.445 (good privacy) or 0.489
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Table 4 Measured Al values in workstation for three partition heights and three different types of

intrusive speeches while air-conditioner was turned on.

Measured Al values when no masking and masked with
Types of speech sounds
Partition height different sound levels of 45, 50, 55 and 60 dBA
at 60-dBA sound levels
No masking | 45 dBA 50 dBA | 55dBA | 60 dBA
Thai female 0.115 0.087 0.024 0.009 0.003
20m Thai male 0.110 0.084 0.048 0.024 0.008
English female 0.108 0.081 0.029 0.004 0.000
Thai female 0.142 0.102 0.045 0.004 0.002
1.4m Thai male 0.138 0.102 0.069 0.037 0.011
English female 0.132 0.093 0.047 0.013 0.004
Thai female 0.223 0.257 0.150 0.022 0.008
No partition Thai male 0.214 0.248 0.140 0.019 0.020
English female 0.213 0.247 0.141 0.003 0.008

Table 5 Measured STl values in workstation for three partition heights and using pink noises as an

intrusive sound at level of 60 dBA.

Measured STI values, when no masking and masked with
Alr conditioner TR different sound levels of 45, 50, 55 and 60 dBA
status No masking | 45 dBA 50 dBA | 55dBA | 60 dBA
On 20m 0.487 0.461 0.445 0.345 0.213
14m 0.498 0.490 0.480 0.368 0.257
No partition 0.708 0.716 0.687 0.635 0.534
Off 20m 0.552 0.513 0.448 0.344 0.202
1.4m 0.583 0.533 0.464 0.370 0.238
No partition 0.785 0.768 0.725 0.669 0.551
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Figure 3 Measured STl values in the workstation when different sound masking levels were used to
mask an intrusive sound of 60 dBA SPL for cases that air-conditioner was (a) turned on and (b)
turned off.

(fair privacy) respectively. Instead, if-no partition was used and the disturbance sound was at 60
dBA SPL, the masker sound of 50 dBA SPL could only yield STI of 0.687 for the air conditioner status
as on and STI of 0.725 for the air conditioner status as off, in which both ratings were as bad privacy
in the workstation. For the case of no partition, although the 60 dBA SPL of masker levels was utilized

to mask the 60 dBA distractive sound in the workstation, good privacy could not be obtained.

VI. Conclusion

In this study, experiments were performed to justify how partitions with different heights can
prevent intrusive and unwanted sounds or influence speech privacy in a workstation where sound
masking approach is employed. Experiment results revealed that, in high reverberant environment of
open-plan office, removable partitions of 1.4-meter and 2-meter heights yielded no difference of
ability in preventing intrusive- sounds. However, both partitions of 1.4-meter or 2-meter heights
influenced an improvement of overall sound pressure levels in the workstation to be at least 5dBA
lower, compared with that of no partition case. For testing effects of partitions of different heights on
speech privacy in the workstation where sound masking was used, the results of Al and STI
measurement showed that the 2-meter height partition provided a better condition for achieving good
speech privacy, compared with that of 1.4-meter height partition or no partition uses. To successfully
masking a distractive speech, masker sound level may not necessarily be 7-10 dBA higher than the
disturbance. In fact, our results displayed that for masking the 60 dBA speech and achieving good
privacy rating, a sound masker emitting a pink noise of 50dB SPL was needed when the removable
2-meter height partition was employed. Better privacy rating could be obtained, if sound absorbing

materials were properly integrated to improve acoustical condition of the open plan.
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