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1 IQWURGXFWLRQ 
GXWWXUalV, conVonanWV pUodXced in Whe poVWeUioU poUWion of Whe 
Yocal WUacW, aUe conVideUed Wo inclXde XYXlaUV (e.g., /T, ܴ, Ȥ, 
 and, b\ Vome accoXnWV, laU\ngealV ,(/ݧ ,ƫ/) phaU\ngealV ,(/ݓ
 ,Unlike conVonanWV of oWheU placeV of aUWicXlaWion .[1] (/h ,ݦ/)
gXWWXUalV haYe been UelaWiYel\ phoneWicall\ XndeUVWXdied, 
ZiWh pUeYioXV acoXVWic inYeVWigaWionV being limiWed Wo a hand-
fXl of langXageV and ofWen feZ VpeakeUV. The e[iVWing acoXV-
Wic ZoUk haV been done mainl\ on gXWWXUal fUicaWiYeV, /Ȥ, ݓ, ƫ, 
 h/, in ModeUn SWandaUd AUabic ([2-4]). TheVe ZoUkV haYe ,ݧ
eVWabliVhed WhaW dXUaWion of fUicaWiYe noiVe diVWingXiVheV 
Yoiced fUom YoiceleVV fUicaWiYeV, aV Zell aV /h/ fUom Whe oWheU 
fUicaWiYeV. NoiVe VpecWUa, on Whe oWheU hand, ZeUe foXnd Wo 
pla\ an impoUWanW Uole in diffeUenWiaWing place, aV, foU e[am-
ple, cenWUe of gUaYiW\ of noiVe coUUelaWeV ZiWh Whe UelaWiYe poV-
WeUioUiW\ of Whe conVWUicWion. SpecWUal pUopeUWieV ZeUe alVo 
noWed Wo diffeUenWiaWe Yoicing. 

The goal of WhiV VWXd\ iV Wo pUoYide an acoXVWic anal\ViV 
of YoiceleVV and Yoiced gXWWXUal fUicaWiYeV in WhUee langXageV: 
EmiUaWi AUabic (EA, SemiWic), IUaTi CenWUal KXUdiVh (IK, IUa-
nian, Indo-EXUopean), and LebaneVe WeVWeUn AUmenian (LA, 
AUmenian, Indo-EXUopean). The fiUVW WZo langXageV conWUaVW 
YoiceleVV and Yoiced XYXlaUV /Ȥ, ݓ/ (Zhich aUe in Vome VoXUceV 
deVcUibed aV YelaUV /[, ܵ/), YoiceleVV and Yoiced phaU\ngealV 
/ƫ, ݧ/, and Whe YoiceleVV laU\ngeal /h/ ([5] on EA; [6] on IK). 
LA conWUaVWV YoiceleVV and Yoiced XYXlaUV /Ȥ, ݓ/, and Whe 
YoiceleVV laU\ngeal /h/ [7-8]. All WheVe langXageV/YaUieWieV aUe 
UelaWiYel\ XndeUVWXdied phoneWicall\, oU haUdl\ VWXdied aW all. 

 
2 MHWKRG 
The VWXd\ inYolYed 59 paUWicipanWV: 18 VpeakeUV of EA, 20 
VpeakeUV of IK, and 21 VpeakeUV of LA, UeViding pUedomi-
nanWl\ in AbX Dhabi and DXbai (UAE), SXla\mani\ah and 
KiUkXk (IUaTi KXUdiVWan), and BeiUXW (Lebanon), UeVpecWiYel\. 
The paUWicipanWV ZeUe UoXghl\ balanced b\ gendeU (32 fe-
maleV, 27 maleV) and ZeUe of VimilaU age - mainl\ in WheiU 
20V. In addiWion Wo WheiU L1, Whe\ alVo Vpoke EngliVh and, foU 
LA, AUabic. The\ ZeUe UecUXiWed WhUoXgh peUVonal neWZoUkV 
and local conWacWV in UeVpecWiYe coXnWUieV, and paid an eTXiY-
alenW of 15 CAD foU WheiU paUWicipaWion. AXdio UecoUdingV 
ZeUe peUfoUmed XVing an online e[peUimenW plaWfoUm Go-
Uilla.Vc [9] and UecoUding deYiceV of paUWicipanWV¶ choice.  

The maWeUialV inclXded Ueal ZoUdV ZiWh Whe WaUgeW conVo-
nanWV /Ȥ, ݓ, (ƫ, ݧ,) h/, embedded in a caUUieU phUaVe. CaUe ZaV 
Waken Wo keep Whe VWimXli and phUaVeV aV VimilaU aV poVVible 
acUoVV Whe langXageV. Each XWWeUance (1 ZoUd peU fUicaWiYe in 
inWeUYocalic poViWion) ZaV UepeaWed 3 WimeV, giYing 9 Wo 15 
WokenV peU VpeakeU, depending on Whe langXage. 

The daWa ZeUe annoWaWed in PUaaW [10], ZiWh boXndaUieV 
VeW manXall\ Wo indicaWe onVeWV and offVeWV of fUicaWiYeV and 
adjacenW YoZelV. MeaVXUemenWV ZeUe e[WUacWed XVing a VcUipW 
and inclXded fUicaWiYe dXUaWion and VpecWUal momenWV Waken 
aW Whe midpoinW of Whe fUicaWiYe. Among Whe VpecWUal meaVXUe-
menWV, Ze Zill heUe be conceUned ZiWh onl\ one -cenWUe of 
gUaYiW\ (COG), higheU oU loZeU fUeTXenc\ of Zhich coUUe-
VpondV Wo Whe UelaWiYe poVWeUioUiW\ of Whe fUicaWiYe conVWUicWion 
(i.e., e[pecWed Wo be loZeU foU, e.g., /ƫ/ Whan /Ȥ/). 

 
3 RHVXOWV 
To e[amine diffeUenceV among fUicaWiYeV, LineaU Mi[ed Ef-
fecWV ModelV ZeUe peUfoUmed foU dXUaWion and COG Vepa-
UaWel\ foU each langXage, aV Zell aV b\ Place in YoiceleVV fUic-
aWiYeV and Voicing in XYXlaU and phaU\ngeal fUicaWiYeV. The 
UeVXlWV, VXmmaUi]ed in Table 1, UeYealed UobXVW diffeUenceV 
acUoVV 3-Za\ (EA and IK) and 2-Za\ (LA) place conWUaVWV, aV 
VhoZn in Whe Wable. The\ alVo UeYealed conViVWenW Yoicing dif-
feUenceV. WiWh Whe e[cepWion of Whe dXUaWion diffeUence foU 
XYXlaUV and phaU\ngealV beWZeen EA and IK, all obVeUYed 
diffeUenceV ZeUe Whe Vame acUoVV WhUee langXageV. 

TabOH 1: A VXmmaU\ of VWaWiVWical UeVXlWV foU Place (XYXlaU, phaU-
\ngeal, laU\ngeal) and Voicing (YoiceleVV, Yoiced) b\ langXage; µ>¶ 
indicaWeV higheU YalXeV. 

PaUameWeU Place (YoiceleVV) Voicing 
(non-/h/) 

EA IK LA All 
DXUaWion  phaU > XYX > laU XYX > phaU > laU XYX > laU YlV > Yd 
COG  XYX > phaU > laU XYX > laU YlV > Yd 

 
To illXVWUaWe WheVe UeVXlWV, FigXUe 1 pUeVenWV fUicaWiYe dX-

UaWion and cenWUe of gUaYiW\ ((a) and (b) UeVpecWiYel\) b\ con-
VonanW and langXage. FoU dXUaWion, Ze can Vee a cleaU diffeU-
ence in Yoicing foU XYXlaU (Ued) and phaU\ngeal (gUeen) 
VoXndV: Whe Yoiced conVonanWV aUe mXch VhoUWeU. We can alVo 
Vee WhaW /h/ iV VhoUWeU Whan iWV YoiceleVV coXnWeUpaUWV. TXUning 
Wo COG, Uecall WhaW loZeU YalXeV of WhiV YaUiable indicaWe a 
gUeaWeU poVWeUioUiW\ of Whe conVonanW, UeflecWing Whe higheVW 
concenWUaWion of VpecWUal eneUg\ along fUeTXencieV. ConVid-
eUing YoiceleVV fUicaWiYeV fiUVW, Ze can Vee in Whe ploW WhaW WheiU 
COG YalXeV decUeaVe fUom XYXlaUV (Ued) Wo phaU\ngealV 
(gUeen), and When Wo laU\ngealV (blXe). ThiV iV conViVWenW foU 
all WhUee langXageV (bXW noWe WhaW LA lackV phaU\ngealV). The 
Vame iV obVeUYed foU Yoiced VoXndV of WZo placeV. In WeUmV of 
Yoicing, Yoiced VoXndV VhoZ loZeU COG, giYen Whe loZ-fUe-
TXenc\ Yoicing eneUg\, and likel\ fUeTXenW appUo[imanW-like 
Ueali]aWionV (dXe Wo leniWion).  
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FLJXUH 1: Bo[ploWV foU dXUaWion (Vec; Wop ploW) and COG (H]; boW-
Wom ploW) b\ conVonanW (YoiceleVV and Yoiced XYXlaUV and phaU\n-
gealV, YoiceleVV laU\ngeal) and langXage. 

4 DLVFXVVLRQ 
The UeVXlWV obWained in WhiV VWXd\ aUe VimilaU Wo pUeYioXV find-
ingV foU SWandaUd AUabic. Taking YoiceleVV fUicaWiYeV, foU e[-
ample, Ze can Vee in FigXUe 2 WhaW COG YalXeV UepoUWed in 
VeYeUal pUeYioXV VWXdieV of AUabic fUicaWiYeV (N1983 [2], 
AK2005 [4], AAM2005 [3]) ZeUe loZeU foU phaU\ngealV and 
laU\ngealV, Zhich iV alVo Whe caVe obWained foU EA, IK, and 
(in paUW) LA in WhiV VWXd\. The loZeU COG foU /h/ in oXU Ue-
VXlWV iV alVo conViVWenW ZiWh Whe findingV of [3]. TheUe iV alVo 
conVideUable agUeemenW in mean YalXeV foU Whe fUicaWiYeV 
acUoVV Whe VWXdieV, deVpiWe Whe YeU\ diffeUenW UecoUding condi-
WionV.  
 

 
FLJXUH 2: A compaUiVon of mean COG (H]) YalXeV acUoVV pUeYioXV 
VWXdieV of AUabic YoiceleVV fUicaWiYeV (Vee We[W) and cXUUenW UeVXlWV. 

AV a ne[W VWep, Ze aUe planning Wo inYeVWigaWe addiWional 
YaUiableV, VXch aV VWandaUd deYiaWion, VkeZneVV, kXUWoViV, and 

inWenViW\ of fUicaWiYe noiVe, aV Zell aV YoZel WUanViWionV 
Wo/fUom fUicaWiYeV (aV WheVe coXld fXUWheU claUif\ place of aU-
WicXlaWion diffeUenceV). The anal\ViV Zill alVo be e[Wended Wo 
ZoUd-iniWial and ZoUd-final poViWionV, foU Zhich Ze haYe alVo 
obWained Whe daWa. 
 
5 CRQFOXVLRQ 
To conclXde, WhiV VWXd\ conWUibXWeV Wo Whe phoneWic docXmen-
WaWion of gXWWXUal VoXndV b\ coYeUing neZ langXageV/YaUieWieV 
and XVing UelaWiYel\ laUge VpeakeU VampleV. ThiV VWXd\ alVo 
VeUYeV Wo confiUm Whe YalidiW\ of Whe online aXdio UecoUding 
meWhod, Zhich haV been incUeaVingl\ XVed in phoneWicV dXU-
ing Whe pandemic of COVID-19. 
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