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BeaO 1

MXOWiPRdaO CRPPXQicaWiRQ SXSSRUW fRU WRUd RecRgQiWiRQ aQd LiWeUac\ iQ ChiOdUeQ WiWh
LaQgXage DeOa\V

A TheViV

PUeVeQWed WR Whe SSeech, LaQgXage, aQd HeaUiQg ScieQceV DeSaUWPeQW

CROOege Rf CRPPXQicaWiRQ

aQd

The HRQRUV PURgUaP

Rf

BXWOeU UQiYeUViW\

IQ PaUWiaO FXOfiOOPeQW

Rf Whe ReTXiUePeQWV fRU DeSaUWPeQWaO HRQRUV

MackeQ]ie BeaO

OcWRbeU 25, 2023



BeaO 2

AbVWUacW

AV Whe defiQiWiRQ Rf beiQg OiWeUaWe WUaQVfRUPV fURP beiQg abOe WR Uead aQd ZUiWe WR beiQg

abOe WR deciSheU a YaUieW\ Rf PediXPV (e.g., PXVic, We[W ePRjiV, aQd PRUe!), iW iV QeceVVaU\ WhaW

cXUUicXOXP iV adaSWed WR UefOecW WheVe chaQgeV. ThiV SaSeU diVcXVVeV 11 SUeVchRROeUV aged 4 WR 6

\eaUV ZiWh OaQgXage deOa\V aQd WheiU abiOiW\ WR UecRgQi]e RQe-V\OOabOe ZRUdV. TZR diffeUeQW

iQWeUYeQWiRQV aVVeVVed ZRUd UecRgQiWiRQ. OQe iQWeUYeQWiRQ SaiUed geVWXUeV ZiWh fiYe ZRUdV. The

VecRQd iQWeUYeQWiRQ had SaUWiciSaQWV cUeaWe VeOf-iQWeUSUeWed dUaZiQgV fRU each Rf Whe UePaiQiQg

fiYe ZRUdV. TR deWeUPiQe ZheWheU RU QRW geVWXUeV aQd dUaZiQg ZeUe effecWiYe OiWeUac\ VWUaWegieV,

SaUWiciSaQWV¶ ZRUd UecRgQiWiRQ VcRUeV SUe aQd SRVW iQWeUYeQWiRQ ZeUe aQaO\]ed. AVVeVVPeQWV

feaWXUed a YiVXaO fieOd Rf WhUee SUiQWed ZRUdV aQd aQaO\]ed SaUWiciSaQWV¶ SUiQWed ZRUd UecRgQiWiRQ

b\ aVkiQg WheP WR SRiQW WR Whe RUaOO\ SUeVeQWed ZRUd. The cRUUecW UeVSRQVeV cRQQecWed WR geVWXUeV

YeUVXV dUaZiQg ZeUe cRPSaUed. ThiV VWXd\ ZaV iQVSiUed b\ Whe SWage WR Page SURgUaP, a

cROOabRUaWiRQ beWZeeQ BaOOeW VeUR Beach, The LeaUQiQg AOOiaQce, aQd Whe SchRRO DiVWUicW Rf

IQdiaQ RiYeU CRXQW\ WhaW ZRUked WR cRQQecW Whe aUW Rf daQce aQd OiWeUac\ iQ eOePeQWaU\-aged

VWXdeQWV (The LeaUQiQg AOOiaQce, 2021, 0:00). The SURgUaP aiPed WR cRPbaW iOOiWeUac\ aQd Ueach

Whe cRPPXQiW\¶V gRaO Rf 90% Rf VWXdeQWV UeadiQg aW gUade-OeYeO b\ Whe eQd Rf WhiUd gUade.

CXUUicXOXP cRPbiQed daQce aQd OiWeUac\, eQded iQ a cXOPiQaWiQg SRVW-SeUfRUPaQce ZRUkVhRS,

aQd ideQWified WhaW iQWegUaWiQg Whe aUWV iV a XQiTXe Za\ WR SURYide VWXdeQWV acceVV WR We[W aQd

VXSSRUW RWheU aUeaV Rf OeaUQiQg, VXch aV OiWeUac\ aQd UeadiQg.
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AckQRZOedgePeQWV

MackeQ]ie ZRXOd Oike WR WhaQk DU. SX]aQQe ReadiQg fRU heU cRXQVeOiQg aQd e[SeUW

kQRZOedge dXUiQg Whe deYeORSPeQW, fXOfiOOPeQW, aQd e[aPiQaWiRQ Rf WhiV SURjecW. IQ addiWiRQ,

MackeQ]ie ZRXOd Oike WR WhaQk M.S. CCC-SLP AVhOe\ HeOSiQgVWiQe fRU heU ZiOOiQgQeVV WR

cROOabRUaWe ZiWh bRWh Whe VWXdeQW UeVeaUcheU aQd DU. ReadiQg RQ iPSOePeQWiQg WhiV SURjecW iQWR

Whe BXWOeU EaUO\ LaQgXage aQd LiWeUac\ (BELL) SURgUaP VchedXOe aQd faciOiWaWiQg

cRPPXQicaWiRQ beWZeeQ SaUeQWV aQd UeVeaUcheUV. CRPbiQiQg iQWeUeVWV Rf bRWh daQce aQd OiWeUac\

iQWR a WaQgibOe VWXd\ ZRXOd QRW haYe beeQ SRVVibOe ZiWhRXW Whe gXidaQce Rf bRWh Rf WheVe

SURfeVViRQaOV.
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TabOe Rf cRQWeQWV

AbVWUacW aQd AckQRZOedgPeQWV

IQWURdXcWiRQ ««««««««««««««««««««««««««««««««.5-6

PXUSRVe«««««««««««««««««««««««««««««««««««.6

BackgURXQd LiWeUaWXUe ««««««««««««««««««««««««««««.6-9

LeaUQiQg OXWcRPeV «««««««««««««««««««««««««««««...10

MeWhRd «««««««««««««««««««««««««««««««««.10-22

RecUXiWPeQW ««««««««««««««««««««««««««««..10-11

PaUWiciSaQWV ««««««««««««««««««««««««««««««11

SWiPXOi SeOecWiRQ «««««««««««««««««««««««««««...12

PUeWeVW««««««««««««««««««««««««««««««...12-16

GURXS IQWeUYeQWiRQ MRdeO«««««««««««««««««««««««17-18

GeVWXUe IQWeUYeQWiRQ «««««««««««««««««««««««««18-19

DUaZiQg IQWeUYeQWiRQ ««««««««««««««««««««««««...19-22

PRVWWeVW «««««««««««««««««««««««««««««««..22

ReVXOWV «««««««««««««««««««««««««««««««««.23-26

DiVcXVViRQ««««««««««««««««««««««««««««««««.26-27

RefeUeQceV««««««««««««««««««««««««««««««««28-29
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MXOWiPRdaO CRPPXQicaWiRQ SXSSRUW fRU WRUd RecRgQiWiRQ aQd LiWeUac\ iQ ChiOdUeQ WiWh

LaQgXage DeOa\V

PUeVchRRO SURgUaPV fRU chiOdUeQ ZiWh OaQgXage deOa\V Pa\ fRcXV RQ deYeORSiQg eaUO\

OiWeUac\ VkiOOV. The abiOiW\ WR UecRgQi]e aQd decRde SUiQW VWUeQgWheQV UeadiQg cRPSUeheQViRQ aQd

VXSSRUWV YRcabXOaU\ gURZWh (LaQdi, 2010) VR WhaW chiOdUeQ caQ Pake VeQVe Rf WheiU edXcaWiRQ aQd

Whe ZRUOd aURXQd WheP. TUadiWiRQaO fRUPV Rf OiWeUac\ iQ Whe VchRRO V\VWeP, hRZeYeU, haYe

QegOecWed Whe aUWV aV a PRdaOiW\ fRU e[SUeVViQg kQRZOedge Rf We[W. DXe WR Whe VPaOO aPRXQW Rf

SUe-e[iVWiQg UeVeaUch VXUURXQdiQg PRYePeQW-baVed acWiYiWieV, iW iV iPSRUWaQW WR eYaOXaWe hRZ

geVWXUeV caQ kiQeVWheWicaOO\ deSicW SUiQW aQd eQcRXUage OiWeUac\. SiQce chiOdUeQ OeaUQ WhURXgh

iPiWaWiRQ begiQQiQg aW aQ eaUO\ age, cRPPXQicaWiYe geVWXUeV haYe Whe SRZeU WR aid SUeVchRROeUV¶

OiWeUac\ VkiOOV aV Whe\ WUaQViWiRQ WR gUade VchRRO. HaQQa (2008) deQRWed daQce aV a fRUP Rf

OiWeUac\ becaXVe iW haV bRWh YRcabXOaU\ aQd gUaPPaU WhURXgh ORcRPRWiRQ aQd geVWXUeV WhaW

ORgicaOO\ VeTXeQce iQ Whe VaPe Za\ WhaW We[W dReV. TheUefRUe, geVWXUeV haYe Whe SRZeU WR heOS Whe

UeceQWO\ OeaUQed ZRUdV UePaiQ UeOeYaQW iQ Whe chiOd¶V PiQd WhURXgh ePbRdied kQRZOedge. IQ Whe

VaPe Za\ WhaW daQce XWiOi]eV Whe bRd\ WR WeOO a VWRU\ WR aQ aXdieQce, WhiV UeVeaUch VWXd\ aiPed WR

ePSOR\ XVefXO iQVighW iQWR hRZ Whe PXOWiPRdaO iQWeUYeQWiRQ Rf geVWXUeV caQ ePSRZeU chiOdUeQ

ZiWh OaQgXage deOa\V iQ WheiU PeaQV Rf VeOf-e[SUeVViRQ aQd VXSSRUW WheP iQ WheiU abiOiW\ WR Uead.

DeVSiWe UeVeUYaWiRQV abRXW geVWXUeV iQhibiWiQg Whe RUaO e[SUeVViRQ Rf OaQgXage, SUeYiRXV

ZRUk haV UeYeaOed WhaW geVWXUeV faciOiWaWe Whe deYeORSPeQW aQd XVe Rf bRWh UeceSWiYe (ZhaW iV

XQdeUVWRRd) aQd e[SUeVViYe (ZhaW iV cRPPXQicaWed) OaQgXage (SiQgOeWRQ & SakV, 2015). CaSRQe

aQd McGUegRU¶V (2005) ZRUk addiWiRQaOO\ UeiQfRUced WhaW geVWXUeV cRQWUibXWe a UicheU VePaQWic

UeSUeVeQWaWiRQ OeadiQg WR VWURQgeU QeXUaO cRQQecWiRQV aQd PiQiPi]ed ZRUd UeWUieYaO eUURUV.

LeRQaUd eW aO. (2016) VXPPaUi]ed Whe RYeUaUchiQg gRaO Rf WhiV UeVeaUch, WhaW iQYROYiQg
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PXOWiPRdaO cRPPXQicaWiRQ VXSSRUW caQ cRQWUibXWe WR chiOdUeQ¶V abiOiW\ WR cUeaWe cRQQecWiRQV

beWZeeQ diffeUeQW cRQceSWV aQd e[SeUieQceV.

The SXUSRVe Rf Whe cXUUeQW VWXd\ ZaV WR WeVW hRZ Whe iPSOePeQWaWiRQ Rf SaiUiQg geVWXUeV

ZiWh VeOecW cRQVRQaQW-YRZeO-cRQVRQaQW (CVC) ZRUdV SRViWiYeO\ affecWed eaUO\ OiWeUac\ VkiOOV aQd

ZRUd UecRgQiWiRQ iQ SUeVchRROeUV ZiWh OaQgXage deOa\V. ThiV SaSeU e[aPiQeV Whe effecW Rf

geVWXUeV aQd dUaZiQg RQ RQe-V\OOabOe CVC ZRUd UecRgQiWiRQ iQ SUeVchRROeUV ZiWh OaQgXage

deOa\V. PUeYiRXV UeVeaUch haV UeYeaOed WhaW icRQic cR-VSeech geVWXUeV SURYide chiOdUeQ ZiWh a

UicheU OeaUQiQg e[SeUieQce WhaQ RQO\ XViQg SicWXUeV aV a VcaffROd (McGUegRU, 2009), aQd WhiV

geVWXUe-VXSSRUWed ZRUd OeaUQiQg caQ be aSSOied WR PXOWiSOe cRQWe[WV RXWVide Rf Whe cOaVVURRP. IW

iV Whe hRSe Rf WhiV UeVeaUch VWXd\ WhaW ZheQ chiOdUeQ ZiWh OaQgXage deOa\V iQYROYe WheiU bRd\ iQ

Whe VeOf-SeUfRUPaQce Rf geVWXUeV, Whe\ ZiOO be abOe WR cRQVROidaWe Whe ZRUdV beWWeU fRU OaWeU

UeWUieYaO (McGUegRU, 2009) iQ a ZhROe ZRUd aSSURach. TheUefRUe, Whe VWXdeQW UeVeaUcheU

h\SRWheVi]ed WhaW Whe SRVWWeVW ZRXOd UeYeaO VWURQgeU ZRUd UecRgQiWiRQ SeUfRUPaQce fRU Whe ZRUdV

aVVRciaWed ZiWh Whe e[SeUiPeQWaO cRQdiWiRQ Rf geVWXUe iQVWUXcWiRQ aV cRPSaUed WR Whe ZRUdV

aVVRciaWed ZiWh Whe cRQWURO cRQdiWiRQ Rf cUeaWiQg VeOf-iQWeUSUeWed dUaZiQgV.

LeRQaUd eW aO. (2016) diVcXVVed TXaOiWaWiYe UeVeaUch fiQdiQgV fURP a 3-Zeek daQce

aUWiVW-iQ-UeVideQce SURgUaP aW a UQiWed SWaWeV eOePeQWaU\ VchRRO ZiWh Whe SXUSRVe Rf eYaOXaWiQg

hRZ XViQg daQce aV a SUiPaU\ PRde Rf iQTXiU\ aQd e[SUeVViRQ iPSacWed VWXdeQWV¶ abiOiW\ WR Pake

PeaQiQg Rf bRWh WhePVeOYeV aQd cXUUicXOaU cRQceSWV. The WhUee PaiQ WhePeV WhaW ePeUged ZeUe

aUWiVWic aXWRQRP\, ePbRdied kQRZOedge, aQd PXOWiPRdaOiW\. AUWiVWic aXWRQRP\ fRXQd WhaW

iPSO\iQg PeaQiQg WhURXgh geVWXUeV ePSRZeUed VWXdeQWV¶ OiWeUac\ VkiOOV b\ aOORZiQg WheP WR

SeUVRQif\ WheiU e[SUeVViRQ. EPbRdied kQRZOedge PeaQW WhaW VWXdeQWV ZeUe abOe WR Pake VeQVe Rf

cRPSOe[ biRORgicaO SURceVVeV OeaUQed iQ Whe cOaVVURRP b\ UeOaWiQg Whe e[SeUieQce WR WhePVeOYeV
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WhURXgh Whe fRUP Rf iQWegUaWed daQce PRYePeQW. ThiUd, Whe WhePe Rf PXOWiPRdaOiW\ WUaQVOaWeV WR

Whe abiOiW\ WR iQWeUVecW kQRZOedge b\ iQYROYiQg RWheU PRdeV Rf cRPPXQicaWiRQ, VXch aV Sh\VicaO

aQd WacWiOe cRQVWUXcWiRQV Rf OeaUQiQg. LeRQaUd eW aO. (2016) cRQcOXded WhaW daQce iV a fRUP Rf

OiWeUac\, aQd beiQg OiWeUaWe iQ Whe 21VW ceQWXU\ PeaQV SURYidiQg VWXdeQWV Whe RSSRUWXQiW\ WR XVe

PXOWiPRdaO SUacWiceV be\RQd Whe WUadiWiRQaO fRUPV Rf OiWeUac\ (UeadiQg, VSeakiQg, ZUiWiQg,

OiVWeQiQg) VR WhaW Whe\ caQ cUeaWe cRQQecWiRQV beWZeeQ diffeUeQW cRQceSWV aQd e[SeUieQceV.

GeVWXUeV, ZhiOe abVWUacW, aUe SRZeUfXO iQ WhaW Whe\ aid chiOdUeQ iQ WheiU RYeUaOO ZRUd

OeaUQiQg (RRZe eW aO., 2008) aQd UeWUieYaO b\ VWUeQgWheQiQg Whe VePaQWic UeSUeVeQWaWiRQ Rf

RbjecWV. AV chiOdUeQ begiQ WR OeaUQ QeZ ZRUdV, Whe\ PXVW VRUW WhURXgh Whe VXddeQ iQcUeaVe iQ

kQRZOedge WR QRW RQO\ UeWUieYe Whe ZRUd, bXW aOVR UeO\ RQ aQ eYeQ UicheU kQRZOedge baVe WR

accXUaWeO\ QaPe Whe ZRUd. CaSRQe aQd McGUegRU (2005) cRQdXcWed a VWXd\ WR WeVW Whe

h\SRWheViV WhaW deSWh Rf VePaQWic UeSUeVeQWaWiRQ, RU hRZ ZeOO Whe PeaQiQg Rf a PediXP iV

deVcUibed, iQfOXeQceV WRddOeUV¶ ZRUd UeWUieYaO. CaSRQe aQd McGUegRU¶V ZRUk fRXQd WhaW OeVV

VXSSRUW fRU ZRUd UeWUieYaO ZaV Qeeded fRU Whe geVWXUe-baVed cRQdiWiRQV WhaQ Whe cRQWURO cRQdiWiRQ

Rf QR VePaQWic cXe. IQ addiWiRQ, geVWXUeV cRQWUibXWed a UicheU VePaQWic UeSUeVeQWaWiRQ WhURXgh

SURYiViRQ Rf diVWiQcW kQRZOedge UeOaWed WR Whe WaUgeW ZRUd, Zhich Oed WR VWURQgeU QeXUaO

cRQQecWiRQV aQd PiQiPi]ed ZRUd UeWUieYaO eUURUV. TheUefRUe, Whe cRQcOXViRQV Rf CaSRQe aQd

McGUegRU¶V VWXd\ aUe UeOeYaQW WR WhiV UeVeaUch VWXd\ aV Whe\ VWUeQgWheQ Whe SURSRVed h\SRWheViV

WhaW geVWXUeV iQdeed aid chiOdUeQ iQ cRQceSWXaOi]iQg ZRUdV, aQd WhXV VXSSRUW eaUO\ OiWeUac\.

IQ addiWiRQ, iQcRUSRUaWiRQ Rf Whe aUWV haV Whe SRZeU WR eQgage Whe SRSXOaWiRQ Rf OiPiWed

EQgOiVh SURficieQW VWXdeQWV iQ kiQdeUgaUWeQ WhURXgh VecRQd gUade WhaW Pa\ QRW haYe RWheUZiVe

UeceiYed Whe OeYeO Rf OaQgXage aWWeQWiRQ Qeeded WR Ueach EQgOiVh SURficieQc\. BURXiOOeWWe (2012)

fRXQd WhaW Whe aUWV XWiOi]eV QRQYeUbaO cRPPXQicaWiRQ Zhich iQ WXUQ eQcRXUageV Whe XVe Rf RUaO
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cRPPXQicaWiRQ. IPSOePeQWiQg Whe aUWV iQWR cXUUicXOXP cRQWUibXWed WR VWXdeQW PRWiYaWiRQ aQd

bRRVWed OaQgXage deYeORSPeQW aV eYideQced b\ iQcUeaVed aWWeQdaQce aQd gUeaWeU acadePic

achieYePeQW VcRUeV RQ Whe CaOifRUQia EQgOiVh LaQgXage DeYeORSPeQW TeVW (CELDT) afWeU 2

\eaUV iQ Whe SURgUaP aV cRPSaUed WR Whe cRQWURO gURXS ZhR did QRW haYe aQ\ e[SRVXUe WR Whe SaQ

DiegR TeachiQg AUWiVW PURgUaP. AV a ZhROe, BURXiOOeWWe (2012) cRQcOXded WhaW Pa[iPXP OiWeUac\

OeaUQiQg, YRcabXOaU\ gURZWh, aQd RUaO OaQgXage aUe VXSSRUWed b\ iPSOePeQWiQg Whe aUWV iQWR

cXUUicXOXP.

EYeQ PRUe VR, adRSWiQg PXOWiPRdaO SUacWiceV caQ aVViVW iQ Whe abiOiW\ WR be ePRWiRQaOO\

OiWeUaWe, RU Whe VkiOO WR diVceUQ aQd cRPPXQicaWe RQe¶V feeOiQgV. A TXaOiWaWiYe VWXd\ cRQdXcWed b\

VXOcaQ (2021) e[SORUed hRZ iQYROYiQg Whe bRd\ iQ WheUaS\ ZiWh chiOdUeQ RQ Whe aXWiVP VSecWUXP

caQ aVViVW iQ addUeVViQg Whe ePRWiRQaO aQd UeOaWiRQaO cRPSOicaWiRQV, VXch aV Oack Rf ePSaWh\,

difficXOW\ ZiWh ePRWiRQ UegXOaWiRQ, aQd abVeQce Rf VRciaO cRPPXQicaWiRQ VkiOOV WhaW Whe

QeXUR-deYeORSPeQWaO cRQdiWiRQ SUeVeQWV. The PaiQ WhePeV WhaW ePeUged fURP Whe VWXd\ aUe Whe

UeOeYaQce Rf Whe bRd\ iQ WheUaS\ eQcRXQWeUV, Whe difficXOWieV chiOdUeQ RQ Whe VSecWUXP haYe iQ

VhaUiQg VXbjecWiYe e[SeUieQce ZiWh RWheUV, aQd Whe SRWeQWiaO effecWiYeQeVV Rf adRSWiQg bRd\

PRYePeQW iQ WheUaS\. TheVe WhePeV UeiWeUaWe WhaW adRSWiQg aQ ePbRdied aSSURach iQ WheUaS\

ZiWh chiOdUeQ RQ Whe VSecWUXP OeadV WR gUeaWeU UeceSWiYeQeVV Rf iQQeU ePRWiRQV Zhich UeVXOWV iQ

VWUeQgWheQed cRPPXQicaWiYe aQd UeOaWiRQaO VkiOOV. IQYROYiQg Whe bRd\ WhURXgh iPSOePeQWaWiRQ Rf

geVWXUeV WheQ, QRW RQO\ haV Whe SRZeU WR VXSSRUW ZRUd UecRgQiWiRQ, bXW aOVR iPSURYe RYeUaOO

TXaOiW\ Rf Oife.

SiQce Whe cXUUeQW VWXd\ deaOV ZiWh SUeVchRRO-aged SaUWiciSaQWV, Whe FOack aQd HRUVW

(2018) WZR-SaUW VWXd\ SURYided fXUWheU iQVighW iQWR hRZ ZRUd OeaUQiQg dXUiQg VhaUed VWRU\bRRk

UeadiQg iV VXSSRUWed b\ geVWXUeV WhaW diUecW aWWeQWiRQ WR UeOeYaQW iQfRUPaWiRQ ZiWhRXW VigQificaQWO\
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iQcUeaViQg Whe WiPe WakeQ WR Uead Whe VWRU\. Ke\ fiQdiQgV fURP WhiV VWXd\ ZeUe WhaW WRR PXch

e[WUaQeRXV iQfRUPaWiRQ RU PXOWiSOe iOOXVWUaWiRQV caQ hiQdeU ZRUd OeaUQiQg, aQd geVWXUeV iPSURYe

ZRUd OeaUQiQg aV cRPSaUed WR UeadiQg ZiWhRXW a gXidiQg geVWXUe. ChiOdUeQ XWiOi]e SicWXUeV WR

Pake VeQVe Rf QeZ ZRUdV aQd be\RQd WhaW, geVWXUeV caQ acW aV fXUWheU VXSSRUW WR SURPRWe beWWeU

geQeUaOi]aWiRQ Rf abVWUacW cRQceSWV. ThiV UeVeaUch VWXd\ SURYideV addiWiRQaO jXVWificaWiRQ WhaW

geVWXUeV caQ Pake aOO Whe diffeUeQce iQ SUeOiWeUaWe chiOdUeQ becaXVe Whe\ QaUURZ Whe fieOd Rf

aWWeQWiRQ aQd UedXce Whe RYeUaOO cRgQiWiYe ORad SUeVeQW ZheQ OeaUQiQg QeZ ZRUdV.

The UeVeaUch iQ WhiV UeYieZ dePRQVWUaWeV Whe UeOeYaQce Rf eQgagiQg ZiWh OaQgXage aQd

cRQceSWV iQ PXOWiSOe Za\V. ThiV SaUWicXOaU iQYeVWigaWiRQ e[SaQded RQ cXUUeQW UeVeaUch b\

adRSWiQg a PXOWiPRdaO aSSURach aQd iQcOXdiQg a SRSXOaWiRQ ZiWh OaQgXage deOa\. FXUWheUPRUe,

geVWXUeV QRW RQO\ SUedicW eaUO\ VXcceVV iQ ZRUd OeaUQiQg, bXW eaUO\ deficiWV iQ geVWXUaO OeaUQiQg aUe

iQdicaWiYe Rf OaQgXage deOa\ iQ Whe eaUO\ VWageV Rf OaQgXage OeaUQiQg (RRZe eW aO., 2008). IQ

PRdif\iQg cXUUicXOaU cRQWeQW, chiOdUeQ ZiOO be e[SRVed WR OiWeUac\ iQ a PRUe cRPSOe[ PaQQeU WhaW

gReV be\RQd ZhaW WUadiWiRQaO PeWhRdRORgieV caQ cRYeU. PaiUiQg OiWeUac\ ZiWh PRWiRQ WhURXgh Whe

fRUP Rf geVWXUeV SaYeV Whe Za\ fRU PRUe cRQfideQW RUaO e[SUeVViRQ Rf OaQgXage, cePeQWV a

fRXQdaWiRQ fRU eaUO\ OiWeUac\ VkiOOV, aVViVWV iQ eaUO\ ideQWificaWiRQ Rf OaQgXage deOa\, aQd

eQcRXUageV Whe cRQWiQXaWiRQ Rf aUWV OeaUQiQg iQ OaWeU \eaUV.
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LeaUQiQg OXWcRPeV

The OeaUQiQg RXWcRPeV fRU WhRVe eQgagiQg ZiWh WhiV UeVeaUch aUe aV fROORZV:

1. RecRgQi]e Whe iPSRUWaQce Rf eaUO\ OiWeUac\ iQWeUYeQWiRQ

2. DeVcUibe geVWXUeV aQd dUaZiQg aV PXOWiPRdaO PeWhRdV WR VWUeQgWheQ eaUO\ OiWeUac\ VkiOOV

3. CRPSaUe Whe effecWiYeQeVV Rf geVWXUeV YeUVXV dUaZiQg iQ eOiciWiQg a cRUUecW ZRUd

UecRgQiWiRQ UeVSRQVe fRU RQe-V\OOabOe cRQVRQaQW-YRZeO-cRQVRQaQW (CVC) ZRUdV

MeWhRd

RecUXiWPeQW

ThiV VWXd\ WeVWed ZRUd UecRgQiWiRQ fRU SUeVchRROeUV ZiWh OaQgXage deOa\V. PaUWiciSaQWV

ZeUe eQUROOed iQ Whe BXWOeU EaUO\ LaQgXage aQd LiWeUac\ (BELL) SURgUaP, a cOiQicaO RSSRUWXQiW\

fRU XQdeUgUadXaWeV iQ Whe SSeech, LaQgXage, aQd HeaUiQg ScieQceV (SLHS) PajRU. AQ

iQfRgUaShic abRXW Whe UeVeaUcheU aQd aQ iQfRUPed cRQVeQW fRUP ZeUe diVWUibXWed b\ Whe SURgUaP

diUecWRU, AVhOe\ HeOSiQgVWiQe, WR SaUeQWV fRU UeYieZ. The iQfRUPed cRQVeQW fRUP UeOa\ed WhaW aOO

VWXdeQWV eQUROOed iQ Whe SUeVchRRO ZRXOd SaUWiciSaWe iQ Whe gURXS geVWXUeV aQd dUaZiQg a SicWXUe

iQWeUYeQWiRQ acWiYiWieV. ThiV ZaV Whe caVe becaXVe Whe PaiQ gRaO Rf Whe BELL SURgUaP iV WR Weach

OaQgXage aQd eaUO\ OiWeUac\ VkiOOV WR SUeSaUe SUeVchRROeUV ZiWh OaQgXage deOa\V fRU VXcceVV XSRQ

eQWeUiQg kiQdeUgaUWeQ. ThXV, RQe Za\ WR Pake OiWeUac\ iQWeUYeQWiRQ PRUe eQgagiQg iV WhURXgh

iQcRUSRUaWiRQ Rf PXOWiPRdaO PeWhRdV (geVWXUeV, dUaZiQg) WR eQcRXUage cRPPXQicaWiRQ,

VWUeQgWheQ ZRUd UecRgQiWiRQ, aQd ePSRZeU aQ RYeUaOO ORYe fRU OiWeUac\. PaUeQWV ZeUe iQfRUPed

WhaW WheiU chiOd¶V SaUWiciSaWiRQ iQ Whe aVVeVVPeQW SRUWiRQ Rf Whe VWXd\ ZaV YROXQWaU\ ZiWhRXW

SeQaOW\ aQd WhaW QR UefeUeQce ZRXOd be Pade RUaOO\ RU ZUiWWeQ WR OiQk a chiOd WR a SaUWicXOaU VeW Rf

ZRUd UecRgQiWiRQ VcRUeV iQ OaWeU SUeVeQWaWiRQ. PUiRU WR begiQQiQg WhiV VWXd\, aSSURYaO ZaV

RbWaiQed fURP BXWOeU¶V IQVWiWXWiRQaO ReYieZ BRaUd (IRB).
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FigXUe 1: ThiV iPage deSicWV Whe VWXdeQW UeVeaUcheU iQfRgUaShic WhaW ZaV VeQW WR Whe eQUROOed

BELL VWXdeQWV¶ SaUeQWV.

PaUWiciSaQWV

CRQVeQW ZaV acTXiUed fURP aOO SaUeQWV WR haYe WheiU chiOd SaUWiciSaWe iQ Whe VeSaUaWe

iQdiYidXaOi]ed ZRUd UecRgQiWiRQ aVVeVVPeQW SRUWiRQ Rf Whe VWXd\. ThiV VWXd\ XWiOi]ed 11 chiOdUeQ

ZiWh OaQgXage deOa\V eQUROOed iQ Whe BELL SURgUaP. PaUWiciSaQWV' ageV UaQged fURP 4 WR 6 \eaUV

aQd \eaUV Rf e[SeUieQce iQ Whe SURgUaP YaUied. If RQe Rf Whe fRXU gURXS iQWeUYeQWiRQ VeVViRQV

beWZeeQ Whe SUe aQd SRVWWeVW ZaV PiVVed, WhiV, aORQg ZiWh Whe fRUPaW Rf Whe VeVViRQ (geVWXUeV

iQWeUYeQWiRQ fiUVW, dUaZiQg iQWeUYeQWiRQ VecRQd; dUaZiQg iQWeUYeQWiRQ fiUVW, geVWXUeV iQWeUYeQWiRQ

VecRQd) ZaV QRWed iQ daWa aQaO\ViV aV G-D RU D-G.
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SWiPXOi SeOecWiRQ

The 10 RQe-V\OOabOe CVC ZRUdV XWiOi]ed iQ WhiV VWXd\ (hRXVe, cXW, QaS, hid, caOO, bR[, Vad,

VWaU, bXg, VXQ) ZeUe VeOecWed RQ Whe baViV Rf cRQVideUiQg Whe SRSXOaWiRQ¶V cXUUeQW OeYeO Rf

XQdeUVWaQdiQg aQd SURYidiQg YaUieW\ iQ CVC fURP a SURdXcWiRQ aQd ZUiWWeQ VWaQdSRiQW. Feedback

ZaV WakeQ fURP Whe VSeech-OaQgXage SaWhRORgiVW aQd diUecWRU Rf Whe BELL SURgUaP iQ RUdeU WR

deWeUPiQe ZhaW ZRUdV Pa\ QRW be aV cRPPRQO\ kQRZQ WR Whe chiOdUeQ fURP SUeYiRXV SURgUaP

OeVVRQV aQd ZhaW ZRUdV ZRXOd be eaViO\ SaiUed ZiWh aQ icRQic geVWXUe (a geVWXUe WhaW cORVeO\

UeSUeVeQWV Whe PeaQiQg Rf Whe VSeech iW iV SaiUed ZiWh). IQ addiWiRQ, IQdiaQa¶V EaUO\ LeaUQiQg

DeYeORSPeQW FUaPeZRUk ZaV WakeQ iQWR cRQVideUaWiRQ ZheQ chRRViQg Whe VWiPXOi OiVWed abRYe

aQd cRQVWUXcWiQg Whe PeWhRdRORg\ Rf WhiV VWXd\ (IQdiaQa DeSaUWPeQW Rf EdXcaWiRQ, 2014). The

EQgOiVh/LaQgXage AUWV Siece Rf IQdiaQa'V EaUO\ LeaUQiQg DeYeORSPeQW FUaPeZRUk UeVWV RQ WhUee

fRXQdaWiRQV: cRPPXQicaWiRQ SURceVV, eaUO\ UeadiQg, aQd eaUO\ ZUiWiQg. TheVe fRXQdaWiRQV VeUYed

aV gXidaQce fRU ZhaW ZaV deYeORSPeQWaOO\ aSSURSUiaWe aQd UeiWeUaWed Whe iPSRUWaQce Rf WhiV VWXd\

iQ UeOaWiRQ WR cRQWiQXed UeVeaUch iQ eaUO\ OiWeUac\. MRUeRYeU, Whe fUaPeZRUk UeOa\ed WhaW

SUeVchRROeUV PXVW be abOe WR XVe cRPSOe[ geVWXUeV WR cRPPXQicaWe, dePRQVWUaWe OeWWeU-VRXQd

cRUUeVSRQdeQce, XQdeUVWaQd SUiQW caUUieV PeaQiQg, aQd iQWeUacW ZiWh VWRUieV iQ gUeaW deWaiO.

WRUkiQg WR iPSURYe OiWeUac\ aQd ZRUd UecRgQiWiRQ WhURXgh Whe VXSSRUW Rf geVWXUeV VeWV

SaUWiciSaQWV XS fRU VXcceVV VR WhaW Whe\ aUe SUeSaUed WR be VXcceVVfXO iQ OeaUQiQg WR Uead iQ

kiQdeUgaUWeQ aQd fXWXUe gUadeV (IQdiaQa DeSaUWPeQW Rf EdXcaWiRQ, 2014).

PUeWeVW

TR VeW a baVeOiQe fRU SaUWiciSaQW ZRUd UecRgQiWiRQ caSabiOiW\, Whe SaUWiciSaQWV ZiWh

cRQVeQWV ZeUe SXOOed iQdiYidXaOO\ dXUiQg Whe aOORWWed fUee SOa\ WiPe dXUiQg Whe VWaUW Rf Whe BELL

da\ WR be WeVWed. NR SRViWiYe UeiQfRUcePeQW ZaV giYeQ dXUiQg Whe aVVeVVPeQW VR WhaW UeVXOWV
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accXUaWeO\ deSicWed VWaUWiQg ZRUd UecRgQiWiRQ caSabiOiW\. The VWXdeQW UeVeaUcheU VeW XS iQ Whe

cORVed Rff WeVWiQg URRP Zhich feaWXUed a VPaOO WabOe, a chaiU fRU Whe SaUWiciSaQW, aQd a chaiU

adjaceQW WR Whe SaUWiciSaQW fRU Whe VWXdeQW UeVeaUcheU. The SUe aQd SRVW aVVeVVPeQW fRUPaW

feaWXUed aOO 10 ZRUdV (hRXVe, cXW, QaS, hid, caOO, bR[, Vad, VWaU, bXg, VXQ) aQd ZaV adPiQiVWeUed RQ

aQ eOecWURQic deYice (VWXdeQW UeVeaUcheU¶V MacbRRk) VR WhaW bRWh SUiQW (AUiaO, bROded, 60SW) aQd

SURWRcRO ZaV VWaQdaUdi]ed.

TR WeVW SUiQWed ZRUd UecRgQiWiRQ fRU each Rf Whe 10 chRVeQ ZRUdV, SaUWiciSaQWV ZeUe

SUeVeQWed ZiWh a YiVXaO fieOd Rf WhUee SUiQWed ZRUdV aQd aVked WR ideQWif\ Whe SUiQWed ZRUd WhaW

cRUUeVSRQded WR ZhaW Whe UeVeaUcheU RUaOO\ SUeVeQWed. OQe ZRUd iQ each fieOd VWaUWed ZiWh Whe

VaPe cRQVRQaQW aV Whe cRUUecW UeVSRQVe. IQ RUdeU fRU chiOdUeQ WR be abOe WR cRUUecWO\ ideQWif\

SUiQW, Whe\ ZRXOd Qeed WR haYe aQ XQdeUVWaQdiQg WhaW diffeUeQW VRXQdV Pake XS ZRUdV. MRUeRYeU,

chRRViQg WR haYe RQe ZRUd be ShRQePicaOO\ cORVe WR Whe VWiPXOXV fRUced SaUWiciSaQWV WR becRPe

aZaUe Rf hRZ VRXQdV iQ ZRUdV ZRUk aQd WhXV VWUeQgWheQ eaUO\ OiWeUac\. A cRUUecW ZRUd

UecRgQiWiRQ UeVSRQVe iQ aVVeVVPeQWV ZaV defiQed aV Whe SaUWiciSaQW cRUUecWO\ SRiQWiQg WR Whe

VWiPXOXV aPRQgVW Whe YiVXaO fieOd Rf WhUee. IQ accRUdaQce ZiWh FOack aQd HRUVW¶V (2018) fiQdiQgV,

Whe WeVW aOVR iQcOXded a ZaUPXS VWage ZheUe Whe UeVeaUcheU PRdeOed UecRgQiWiRQ Yia SRiQWiQg fRU

WZR WUaiQiQg iWePV befRUe WeVWiQg Whe 10 VeOecWed ZRUdV. IQ addiWiRQ, SaUWiciSaQWV ZeUe gXided

dXUiQg Whe WUaiQiQg iWePV WR acWXaOO\ WRXch Whe UeVeaUcheU¶V VcUeeQ VR WhaW Whe ZRUd chRVeQ ZaV

cOeaU WR Whe UeVeaUcheU dXUiQg aVVeVVPeQW. The VWXdeQW UeVeaUcheU ZaV cRQVciRXV WR hide heU

cOiSbRaUd aQd aVVeVVPeQW VheeW VR WhaW SaUWiciSaQWV cRXOd QRW Vee WheiU accXUac\.
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FigXUe 2: ThiV iPage deSicWV Whe eOecWURQic SUeVeQWaWiRQ Rf Whe ZRUd UecRgQiWiRQ aVVeVVPeQW.

PaUWiciSaQWV ZeUe SUeVeQWed ZiWh a YiVXaO fieOd Rf WhUee SUiQWed ZRUdV WR chRRVe fURP iQ Whe 10

WUiaOV, fXOO-VcUeeQ RQ Whe UeVeaUcheUV¶ OaSWRS. FRQW ZaV VWaQdaUdi]ed beWZeeQ bRWh iQWeUYeQWiRQ

VeVViRQV aQd SUe aQd SRVWWeVW aVVeVVPeQW aV AUiaO, bROded, 60SW.
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FigXUe 3: ThiV iPage deSicWV Whe VcRUe VheeW deYeORSed WR WeVW SUeVchRROeUV¶ WRWaO ZRUd

UecRgQiWiRQ SUe aQd SRVW fRXU gURXS VWXdeQW UeVeaUcheU-Oed iQWeUYeQWiRQ VeVViRQV. The cRUUecW

UeVSRQVe fRU each Rf Whe 10 ZRUdV WeVWed ZaV iQdicaWed iQ bROd SUiQW.
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FigXUe 4: ThiV iPage deSicWV Whe VcUiSW UefeUeQced b\ Whe VWXdeQW UeVeaUcheU dXUiQg iQdiYidXaO

ZRUd UecRgQiWiRQ SUe aQd SRVW aVVeVVPeQW ZiWh each SaUWiciSaQW. ThiV VcUiSW eQVXUed cRQViVWeQc\

iQ adPiQiVWUaWiRQ aQd QR SRViWiYe UeiQfRUcePeQW.
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GURXS IQWeUYeQWiRQ MRdeO

SiQce Whe gRaO Rf Whe BELL SURgUaP iV WR Weach OaQgXage aQd eaUO\ OiWeUac\ VkiOOV, aOO

chiOdUeQ iQ Whe SURgUaP ZeUe e[SRVed WR bRWh Whe e[SeUiPeQWaO cRQdiWiRQ Rf geVWXUeV aQd Whe

cRQWURO cRQdiWiRQ Rf dUaZiQg a VeOf-iQWeUSUeWed SicWXUe. The VWXdeQW UeVeaUcheU YiViWed Whe BELL

SURgUaP WR Oead fRXU VchedXOed gURXS iQWeUYeQWiRQ VeVViRQV (1/31/23; 2/7/23; 2/14/23; 2/21/23)

WhaW OaVWed aURXQd 20 PiQXWeV. AOO SaUWiciSaQWV ZeUe VeaWed aW WabOeV iQ a U VhaSe WhaW Pade

YieZiQg Whe SURjecWRU VcUeeQ aQd VWXdeQW UeVeaUcheU aW Whe fURQW Rf Whe URRP eaV\ fURP aOO aQgOeV.

The SaWWeUQ Rf iQWeUYeQWiRQ adPiQiVWUaWiRQ ZeQW aV fROORZV: geVWXUe iQWeUYeQWiRQ fiUVW, dUaZiQg

iQWeUYeQWiRQ VecRQd; dUaZiQg iQWeUYeQWiRQ fiUVW, geVWXUe iQWeUYeQWiRQ VecRQd; geVWXUe iQWeUYeQWiRQ

fiUVW, dUaZiQg iQWeUYeQWiRQ VecRQd; dUaZiQg iQWeUYeQWiRQ fiUVW, geVWXUe iQWeUYeQWiRQ VecRQd.

FigXUe 5: ThiV iPage deSicWV Whe VWXdeQW UeVeaUcheU aQd Whe VeWXS iQ BELL WhaW Whe SaUWiciSaQWV

YieZed fRU Whe fRXU VWXdeQW UeVeaUcheU-Oed gURXS iQWeUYeQWiRQ VeVViRQV.
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FigXUe 6: ThiV iPage iOOXVWUaWeV Whe SUeVeQWaWiRQ Rf Whe 10 ZRUdV OeaUQed dXUiQg Whe fRXU gURXS

iQWeUYeQWiRQ VeVViRQV. PaUWiciSaQWV ZeUe VhRZQ aOO 10 ZRUdV (fiYe aVVRciaWed ZiWh geVWXUeV, fiYe

aVVRciaWed ZiWh dUaZiQg a SicWXUe) RQ Whe SURjecWRU VcUeeQ, RQe aW a WiPe. FRQW ZaV VWaQdaUdi]ed

beWZeeQ iQWeUYeQWiRQ VeVViRQV aQd aVVeVVPeQW aV AUiaO, bROded, 60SW.

GeVWXUe IQWeUYeQWiRQ

The e[SeUiPeQWaO cRQdiWiRQ Rf geVWXUeV ZaV SaiUed ZiWh haOf Rf Whe 10 WRWaO ZRUdV Zhich

UeVXOWed iQ geVWXUeV cRYeUiQg: bXg, cXW, QaS, hid, aQd caOO. IW ZaV Whe gRaO Rf Whe geVWXUe

iQWeUYeQWiRQ WR SaiU CVC ZRUdV ZiWh daQce-Oike PRYePeQWV iQYROYiQg Whe bRd\ WhaW ZRXOd

VePaQWicaOO\ UeSUeVeQW Whe iQdiYidXaO ZRUd. FRU iQVWaQce, fRU Whe ZRUd bXg, Whe VWXdeQW UeVeaUcheU

heOd RXW bRWh haQdV iQ fURQW Rf heU chiQ aQd ZiggOed heU fiQgeUV WR PiPic a cUeeS\, cUaZO\ bXg.

TheQ, fRU Whe ZRUd cXW, Whe UeVeaUcheU heOd RXW heU iQde[ aQd PiddOe fiQgeU WR cUeaWe aQ

iPagiQaU\ SaiU Rf VciVVRUV aQd RSeQed aQd cORVed heU fiQgeUV. Each Rf Whe fiYe ZRUdV ZaV OiVWed

RQ aQ iQdiYidXaO PRZeUPRiQW VOide iQ VWaQdaUdi]ed SUiQW (AUiaO, bROded, 60SW) WhaW ZaV SURjecWed

fXOO-VcUeeQ RQ a SURjecWRU VcUeeQ aW Whe fURQW Rf Whe URRP. FRU adPiQiVWUaWiRQ Rf WhiV iQWeUYeQWiRQ,

Whe VWXdeQW UeVeaUcheU fROORZed Whe VcUiSW Rf Va\iQg, ³WhiV iV Whe ZRUd ___´ aQd SRiQWiQg WR Whe

ZRUd RQ Whe VcUeeQ, Va\iQg ³OeW'V dR ___´ aQd VhRZcaViQg Whe geVWXUe, Va\iQg ³VhRZ Pe ___´

aQd VhRZcaViQg Whe geVWXUe a VecRQd WiPe, aQd Va\iQg ³gRRd ZRUk RQ ___´ aQd VhRZcaViQg Whe

geVWXUe a WhiUd WiPe. The geVWXUe SRUWiRQ Rf Whe gURXS VeVViRQ aOORZed chiOdUeQ Whe RSSRUWXQiW\ WR
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OeaUQ WR UeSOicaWe Whe geVWXUeV aORQg ZiWh Whe VWXdeQW UeVeaUcheU iQ hRSeV Rf eVWabOiVhiQg bRWh

ageQc\ iQ WheiU OeaUQiQg aQd gUeaWeU UeiQfRUcePeQW Rf cRQceSWV SRVW Whe fRXU YiViWV WR Whe SURgUaP.

FigXUe 7: ThiV iPage deSicWV Whe VWXdeQW UeVeaUcheU aQd SaUWiciSaQWV PakiQg Whe geVWXUe fRU bXg

dXUiQg Whe geVWXUe SRUWiRQ Rf Whe VWXdeQW UeVeaUcheU-Oed gURXS iQWeUYeQWiRQ VeVViRQ. AOO

SaUWiciSaQWV' faceV ZeUe bOXUUed fRU SUiYac\ UeaVRQV.

DUaZiQg IQWeUYeQWiRQ

The cRQWURO cRQdiWiRQ Rf dUaZiQg a SicWXUe cRYeUed Whe UePaiQiQg fiYe ZRUdV: VWaU, bR[,

Vad, hRXVe, VXQ. Each Rf Whe fiYe ZRUdV ZaV OiVWed RQ aQ iQdiYidXaO PRZeUPRiQW VOide iQ

VWaQdaUdi]ed SUiQW (AUiaO, bROded, 60SW) WhaW ZaV SURjecWed fXOO-VcUeeQ RQ a SURjecWRU VcUeeQ. The

UeVeaUcheU fROORZed a VcUiSW iQ OiQe ZiWh Whe geVWXUe iQWeUYeQWiRQ adPiQiVWUaWiRQ. The VWXdeQW

UeVeaUcheU VWaWed, ³WhiV iV Whe ZRUd ___´ aQd SRiQWed WR Whe ZRUd RQ Whe VcUeeQ, Vaid ³OeW¶V dUaZ

___,´ Vaid ³caQ \RX dUaZ ___,´ aQd Vaid ³gRRd ZRUk RQ ___.´ TR cRPSOeWe WhiV WaVk, SaUWiciSaQWV

ZeUe SURYided ZiWh a VheeW Rf SUiQWeU SaSeU (8.5 [ 11 iQcheV) fRU each Rf Whe fiYe ZRUdV WhaW ZaV

OabeOed ZiWh VWXdeQW QaPe, ZRUd deSicWed, aQd daWe iQ Whe WRS OefW cRUQeU WR SUeYeQW cRQfXViRQ iQ
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OaWeU daWa aQaO\ViV. PaUWiciSaQWV ZeUe aOVR giYeQ Whe VaPe dUaZiQg iQVWUXPeQW (daUk bOXe cUa\RQ)

fURP Whe BELL UeVRXUce URRP ZiWh Zhich Whe\ cRXOd dUaZ a VeOf-iQWeUSUeWed SicWXUe fRU each Rf

Whe fiYe SUiQWed ZRUdV ZiWhiQ a 45-VecRQd WiPe OiPiW. The VRXQd chRVeQ fRU Whe WiPeU WhaW ZeQW

Rff afWeU each Rf Whe fiYe ZRUdV ZaV Whe ³WZiQkOe´ VRXQd fURP Whe VWXdeQW UeVeaUcheU¶V I-ShRQe

ViQce iW iV VRfWeU aQd OeVV fUighWeQiQg WhaQ Whe RWheU VRXQd RSWiRQV ASSOe SURYideV. The VWXdeQW

UeVeaUcheU cROOecWed Whe dUaZiQgV afWeU each Rf Whe ZRUdV, VR WhaW each SaUWiciSaQW eQded ZiWh a

WRWaO Rf fiYe dUaZiQgV SRVW eYeU\ iQWeUYeQWiRQ VeVViRQ. The VWXdeQW UeVeaUcheU eQcRXUaged

SaUWiciSaWiRQ WhURXgh XWiOi]iQg aQ eQgagiQg WRQe aQd UeiQfRUced SaUWiciSaQWV WR ³WU\ WheiU beVW´

ZheQ dUaZiQg. IW iV iQWeUeVWiQg WR QRWe WhaW VRPe SaUWiciSaQWV had PRUe OiWeUaO aQd SicWXUeVTXe

deSicWiRQV Rf Whe ZRUd, VR fXWXUe UeVeaUch cRQVideUaWiRQV Pa\ fXUWheU eYaOXaWe Whe accXUac\ Rf

SaUWiciSaQWV¶ VeOf-iQWeUSUeWed dUaZiQgV aQd Whe cRUUeOaWiRQ beWZeeQ WheiU ZRUd UecRgQiWiRQ VcRUeV

fRU Whe fiYe ZRUdV aVVRciaWed ZiWh Whe dUaZiQg cRQdiWiRQ.

FigXUe 8: ThiV iPage deSicWV Whe VWXdeQW UeVeaUcheU SRiQWiQg WR Whe SUiQWed ZRUd bR[ aQd

SaUWiciSaQWV cUeaWiQg a VeOf-iQWeUSUeWed dUaZiQg fRU Whe ZRUd bR[ dXUiQg Whe dUaZiQg SRUWiRQ Rf

Whe VWXdeQW UeVeaUcheU-Oed gURXS iQWeUYeQWiRQ VeVViRQ.
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FigXUe 9: ThiV iPage deSicWV a OeVV OiWeUaO iQWeUSUeWaWiRQ Rf Whe ZRUd hRXVe b\ VWXdeQW 10 RQ Whe

OaVW gURXS iQWeUYeQWiRQ VeVViRQ daWe; 2/21/23.
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FigXUe 10: ThiV iPage deSicWV a PRUe OiWeUaO iQWeUSUeWaWiRQ Rf Whe ZRUd hRXVe b\ VWXdeQW 1 RQ Whe

OaVW gURXS iQWeUYeQWiRQ VeVViRQ daWe; 2/21/23.

PRVWWeVW

FROORZiQg Whe fRXU VWXdeQW UeVeaUcheU-Oed iQWeUYeQWiRQ VeVViRQV, Whe SaUWiciSaQWV ZiWh

cRQVeQWV ZeUe agaiQ SXOOed iQdiYidXaOO\ dXUiQg Whe aOORWWed fUee SOa\ WiPe WR be WeVWed. NR

SRViWiYe UeiQfRUcePeQW ZaV giYeQ dXUiQg Whe aVVeVVPeQW VR WhaW UeVXOWV accXUaWeO\ deSicWed

eQdiQg ZRUd UecRgQiWiRQ caSabiOiW\. The SRVWWeVW fROORZed Whe VaPe fRUPaW aV Whe SUeWeVW aQd

gaXged SaUWiciSaQWV' ZRUd UecRgQiWiRQ VcRUeV fRU aOO 10 ZRUdV, aQd eYaOXaWed if WheUe ZaV aQ\

diffeUeQce beWZeeQ Whe fiYe ZRUdV affiOiaWed ZiWh Whe geVWXUe iQWeUYeQWiRQ aV cRPSaUed WR Whe fiYe

ZRUdV affiOiaWed ZiWh Whe dUaZiQg a SicWXUe iQWeUYeQWiRQ.
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ReVXOWV

FRU daWa aQaO\ViV, XViQg Whe SUe aQd SRVWWeVW aVVeVVPeQW fRUPV, each Rf Whe 10 ZRUdV ZeUe

VcRUed eiWheU 1 = cRUUecW RU 0 = iQcRUUecW fRU bRWh SUe aQd SRVWWeVW. TheQ, fRU Whe SaUWiciSaQW

dUaZiQgV, Whe fiUVW dUaZiQg ZaV deePed Whe SUeWeVW aQd Whe fRXUWh dUaZiQg ZaV deePed Whe

SRVWWeVW. If a VWXdeQW PiVVed Whe fiUVW RU OaVW Rf Whe fRXU iQWeUYeQWiRQ VeVViRQV, Whe SUeWeVW ZaV WheiU

fiUVW cROOecWed dUaZiQg aQd Whe SRVWWeVW ZaV WheiU OaVW cROOecWed dUaZiQg UegaUdOeVV Rf daWe. SeYeQ

RXW Rf Whe 11 SaUWiciSaQWV PiVVed aW OeaVW RQe VeVViRQ. The VWXdeQW UeVeaUcheU aQd facXOW\ adYiVRU

VcRUed Whe dUaZiQgV RQ a VcaOe Rf 1-3 ZiWh 1= XQUecRgQi]abOe, 2 = VRPeZhaW UecRgQi]abOe, aQd 3

= eaViO\ UecRgQi]abOe aV deSicWiQg Whe ZRUd. A RQe-WaiOed aQd W\Se 1 t-WeVW ZaV UXQ (SaiUed

cRPSaUiVRQ). The daWa ZaV WheQ YiVXaOO\ SUeVeQWed aV a baU gUaSh, Vee figXUe 11. AV eYideQced

beORZ, 7 RXW Rf Whe 11 SaUWiciSaQWV iPSURYed iQ WheiU RYeUaOO ZRUd UecRgQiWiRQ fRU Whe 10 ZRUdV

fURP SUeWeVW WR SRVWWeVW, 2 RXW Rf Whe 11 SaUWiciSaQWV gRW ZRUVe iQ WheiU RYeUaOO ZRUd UecRgQiWiRQ

fURP SUeWeVW WR SRVWWeVW, aQd 2 RXW Rf Whe 11 SaUWiciSaQWV VWa\ed Whe VaPe iQ WheiU RYeUaOO ZRUd

UecRgQiWiRQ fURP SUeWeVW WR SRVWWeVW. The t-WeVW UeYeaOed QR VigQificaQW diffeUeQce beWZeeQ Whe

gURXSV, t(109) = .13, S > .05 TR VhRZ a VigQificaQW diffeUeQce beWZeeQ SUe aQd SRVWWeVW, Whe

S-YaOXe haV WR be eTXaO WR RU VPaOOeU WhaQ .05. FigXUeV 12 aQd 13 deSicW Whe UeOaWiRQVhiSV beWZeeQ

SUe- aQd SRVW-VcRUeV fRU geVWXUeV aQd dUaZiQg. AgaiQ, Whe t-WeVWV UeYeaOed QR VigQificaQW

diffeUeQceV beWZeeQ SUe- aQd SRVW fRU geVWXUeV, t(54) = .42 aQd fRU dUaZiQg, t(54) = .08. HRZeYeU,

Whe t-WeVW fRU dUaZiQg ZaV cORVe WR VigQificaQce aW t(54) = .08. AOWhRXgh WheUe ZaV QR VigQificaQce

ZiWh Whe WRWaO ZRUd UecRgQiWiRQ cRUUecW RXW Rf 10 WRWaO ZRUdV fURP SUe aQd SRVWWeVW, iW iV

eQcRXUagiQg WhaW fROORZiQg bRWh iQWeUYeQWiRQV, a OaUge QXPbeU Rf SaUWiciSaQWV VhRZed RYeUaOO

ZRUd UecRgQiWiRQ iPSURYePeQW.
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WheQ cRPSaUiQg iQWeUYeQWiRQV, figXUe 12 UeYeaOV WhaW 5 RXW Rf Whe 11 SaUWiciSaQWV

iPSURYed ZRUd UecRgQiWiRQ fRU Whe fiYe geVWXUe affiOiaWed ZRUdV (bXg, cXW, QaS, hid, aQd caOO) aQd

figXUe 13 UeYeaOV WhaW 7 RXW Rf Whe 11 SaUWiciSaQWV iPSURYed ZRUd UecRgQiWiRQ fRU Whe fiYe ZRUdV

affiOiaWed ZiWh dUaZiQg a SicWXUe (VWaU, bR[, Vad, hRXVe, VXQ). ThiV ZaV VXUSUiViQg aQd

h\SRWheVi]ed WR be Whe caVe becaXVe Whe WhUee UeSeWiWiRQV Rf SeUfRUPiQg Whe geVWXUe eQded XS

beiQg VhRUWeU WhaQ Whe 45-VecRQdV aOORWWed WR dUaZiQg a SicWXUe. EYeQ PRUe VR, aOWhRXgh Whe WaUgeW

ZRUd ZaV RQ Whe SURjecWRU VcUeeQ fRU aOO 10 ZRUdV, each Rf Whe fiYe dUaZiQg VheeWV had Whe WaUgeW

ZRUd SUiQWed iQ fURQW Rf Whe chiOd aV Whe\ dUeZ. ThXV, haYiQg Whe ZRUd e[SOiciWO\ OiVWed RQ a

PaWeUiaO Whe chiOd ZaV XViQg cRXOd haYe VkeZed WheiU UecRgQiWiRQ Rf Whe fiYe ZRUdV affiOiaWed ZiWh

Whe dUaZiQg iQWeUYeQWiRQ.

FigXUe 11: ThiV baU gUaSh deSicWV Whe WRWaO cRUUecW RXW Rf Whe 10 chRVeQ ZRUdV fRU aOO SaUWiciSaQWV

(QXPbeUed iQdiYidXaOO\ 1-11) SUe aQd SRVWWeVW. The bOXe baU gUaShV iQdicaWe SaUWiciSaQWV¶ SUeWeVW

VcRUe, aQd Whe Ued baU gUaShV iQdicaWe SaUWiciSaQWV¶ SRVWWeVW VcRUe.
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FigXUe 12: ThiV baU gUaSh deSicWV Whe WRWaO cRUUecW RXW Rf fiYe fRU Whe ZRUdV affiOiaWed ZiWh Whe

geVWXUe iQWeUYeQWiRQ (bXg, cXW, QaS, hid, aQd caOO) fRU aOO SaUWiciSaQWV (QXPbeUed iQdiYidXaOO\

1-11) SUe aQd SRVWWeVW. The bOXe baU gUaShV iQdicaWe SaUWiciSaQWV¶ SUeWeVW VcRUe, aQd Whe Ued baU

gUaShV iQdicaWe SaUWiciSaQWV¶ SRVWWeVW VcRUe.
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FigXUe 13: ThiV baU gUaSh deSicWV Whe WRWaO cRUUecW RXW Rf fiYe fRU Whe ZRUdV affiOiaWed ZiWh Whe

dUaZiQg iQWeUYeQWiRQ (VWaU, bR[, Vad, hRXVe, VXQ) fRU aOO SaUWiciSaQWV (QXPbeUed iQdiYidXaOO\ 1-11)

SUe aQd SRVWWeVW. The bOXe baU gUaShV iQdicaWe SaUWiciSaQWV¶ SUeWeVW VcRUe, aQd Whe Ued baU gUaShV

iQdicaWe SaUWiciSaQWV¶ SRVWWeVW VcRUe.

DiVcXVViRQ

AV a ZhROe, WhiV VWXd\ UeYeaOed Whe iPSRUWaQce Rf fRVWeUiQg VWURQg OiWeUac\ VkiOOV iQ Whe

Qe[W geQeUaWiRQ aV iOOiWeUac\ iV a gORbaO iVVXe, eVSeciaOO\ iQ Whe iQVWaQce Rf chiOdUeQ ZiWh OaQgXage

deOa\V. ThiV VWXd\ aiPed WR cRQWUibXWe WR adYRcac\ fRU adRSWiQg a bURadeQed SeUVSecWiYe WhaW

UecRgQi]eV Whe YaOXe iQ PXOWiPRdaOiWieV WR eQhaQce OiWeUac\ aQd iQcUeaVe cRQQecWiRQV beWZeeQ

cXUUicXOaU cRQceSWV WhURXgh a d\QaPic aQd aUWV iQWegUaWiRQ fRcXVed OeQV. ThXV, iW iV iPSRUWaQW WR

UecRgQi]e WhaW OiWeUac\ iV OibeUaWiQg aQd eVWabOiVheV a ke\ fRXQdaWiRQ fRU XQdeUVWaQdiQg Whe ZRUOd

aW OaUge.

AOWhRXgh VWXdeQWV 1 aQd 5 caQQRW be e[cOXded fURP daWa SUeVeQWaWiRQ eWhicaOO\, Whe\ aUe

RXWOieUV iQ WeUPV Rf diUecWiRQ Rf chaQge fURP SUe-WR-SRVW-iQWeUYeQWiRQ aQd iW iV WhRXghW SURYRkiQg

WR aQaO\]e ZhaW Whe daWa ZRXOd SUeVeQW aV ZiWhRXW WheiU VcRUeV. If Whe WZR RXWOieUV ZeUe WR be
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e[cOXded, Whe WRWaO ZRUd UecRgQiWiRQ cRUUecW fURP Whe SUeWeVW WR Whe SRVWWeVW fRU Whe QiQe

UePaiQiQg SaUWiciSaQWV iV VigQificaQW, aW t(89) = .004, S < .05, Whe geVWXUe iQWeUYeQWiRQ ZRUdV

cRUUecW RXW Rf fiYe fURP SUeWeVW WR SRVWWeVW iV VWiOO QRW VigQificaQW, t(44) = .128, S > .05, aQd Whe

dUaZiQg a SicWXUe iQWeUYeQWiRQ ZRUdV cRUUecW RXW Rf fiYe fURP SUeWeVW WR SRVWWeVW iV VigQificaQW,

t(44) = .005, S < .05. OSSRViWe Rf ZhaW Whe VWXdeQW UeVeaUcheU SURSRVed, dUaZiQg ZaV fRXQd WR be

PRUe effecWiYe RYeUaOO iQ iQcUeaViQg ZRUd UecRgQiWiRQ UaWheU WhaQ SaiUed geVWXUeV. ThiV iV WhRXghW

WR be Whe caVe becaXVe dUaZiQg iV a PRUe WaQgibOe aQd OeVV fOeeWiQg UeSUeVeQWaWiRQ iQ Whe VaPe

Za\ WhaW SUiQW iQ bRRkV dReV QRW diVaSSeaU. BRWh cRQdiWiRQV iQYROYed Sh\VicaO ePbRdiPeQW WR

e[SORUe hRZ ZRUdV caQ OeaS WR Oife WhURXgh Whe aUWV.

ShRUWcRPiQgV iQ Whe UeVeaUch ZeUe WhaW Whe dUaZiQg iQWeUYeQWiRQ VheeWV OiVWed iQ SUiQW

each Rf Whe fiYe ZRUdV aQd cRXOd haYe cRQWUibXWed WR Whe SaUWiciSaQWV¶ UecRgQiWiRQ Rf Whe ZRUd. IW

iV aOVR difficXOW WR chRRVe VWiPXOi WhaW aUe XQfaPiOiaU Zhich cRXOd cRQWUibXWe WR Whe SaUWiciSaQWV¶

RYeUaOO VcRUeV aQd kQRZOedge cRPiQg iQWR aVVeVVPeQW. TR cRQWiQXe, XWiOi]iQg a SRSXOaWiRQ WhaW

ZaV OiPiWed iQ Vi]e SUeVeQWed Whe SRWeQWiaO fRU W\Se WZR eUURU, aQd iQ Whe fXWXUe UeVXOWV cRXOd be

iPSURYed ZiWh a OaUgeU VaPSOe Vi]e. SiQce aOO SaUWiciSaQWV haYe VRPe fRUP Rf OaQgXage deOa\,

PeaVXUiQg SUiQWed ZRUd UecRgQiWiRQ ZaV chRVeQ YeUVXV PeaVXUiQg RUaO SURdXcWiRQ WR eQVXUe PRUe

accXUaWe UeVXOWV. FXWXUe VWXdieV, hRZeYeU, cRXOd eYaOXaWe geVWXUeV' iPSacW RQ OiWeUac\ fURP a PRUe

ShRQic-baVed aSSURach. FiQdiQgV VXggeVW WhaW aSSURachiQg iQVWUXcWiRQ Rf ZRUd UecRgQiWiRQ aQd

YRcabXOaU\ caQQRW be OiPiWed WR RQe PRde Rf e[SUeVViRQ.
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