
DEPARTMENT OF
APPLIED IT

DIFFERENTIAL OUTCOME TRAINING AND
HUMANOID ROBOT FEEDBACK ON A
VISUOSPATIAL GAMIFIED TASK
An e[SeUimenWal VWXd\ inYeVWigaWing leaUning,
affecWiYe Vocial engagemenW cXeV and cogniWiYe
leaUning VWUaWegieV

MaUNeOLXV, AOYa

SM|beUg, SRfLa

TheVLV: 15 hS
PURgUaP: BacheORU LQ CRgQLWLYe ScLeQce
LeYel: FLUVW C\cOe
Year: 2022
SXperYiVor: RRbeUW LRZe & BahUaP SaOaPaW RaYaQdL
E[aminer: PLeUUe GaQdeU
ReporW nr: 2022:091





Abstract
B\ cRPbLQLQg DLffeUeQWLaO OXWcRPe TUaLQLQg (DOT), Whe XVage Rf XQLTXe

VWLPXOXV-UeVSRQVe SaLULQgV, aQd feedbacN fURP a hXPaQRLd VLPXOaWed URbRW (SDK) WhLV

VWXd\ aLPV WR LPSURYe OeaUQLQg SeUfRUPaQce Rf VXbMecWV RQ a YLVXRVSaWLaO gaPLfLed PePRU\

WaVN. ThLV LV achLeYed b\ XVLQg Whe SDK aV aQ LQWeUface fRU aQ aOgRULWhP WhaW SURYLdeV

aXdLRYLVXaO, UeLQfRUcLQg feedbacN SURPRWLQg eQgagePeQW LQ a QeZ d\adLc VeWXS fRU a

gaPLfLed WaVN. AddLWLRQaOO\ LW eQhaQceV Whe dLffeUeQWLaO RXWcRPe effecW fURP Whe UeZaUd

V\VWeP Rf Whe gaPLfLed WaVN WhaW LQ WXUQ LPSURYeV OeaUQLQg. LeaUQLQg SeUfRUPaQce ZaV

PeaVXUed b\ SeUceQWage Rf cRUUecW UeVSRQVeV RQ Whe gaPLfLed WaVN aQd LMRWLRQV VRfWZaUe,

e\e-WUacNLQg aQd SeOf AVVeVVPeQW MaQLNLQ-VcaOe UeYeaOed affecWLYe cXeV aQd cRgQLWLYe

VWUaWegLeV. A WRWaO Rf 60 VXbMecWV SaUWLcLSaWed LQ Whe e[SeULPeQW, aQd Whe UeVXOWV VhRZed WhaW

VXbMecWV SOa\LQg Whe gaPLfLed WaVN LQ Whe DOT cRQdLWLRQ had VLgQLfLcaQWO\ hLgheU

SeUfRUPaQce WhaQ WhRVe ZhR dLd QRW. QXaOLWaWLYe aQaO\VLV Rf Whe affecWLYe daWa UeYeaOed WhaW

SaUWLcLSaQWV aVVLVWed b\ Whe SDK had gUeaWeU feeOLQg Rf cRQWURO aQd hLgheU OeYeOV Rf YaOeQce

ZheQ cRPbLQed ZLWh DOT. The e\e WUacNLQg UeYeaOed dLffeUeQW cRgQLWLYe VWUaWegLeV ZheUe a

VWUaWeg\ WhaW PaNeV XVe Rf SeULSheUaO YLVLRQ aSSeaUed WR be PRVW hLghO\ cRUUeOaWed ZLWh

hLgheU PePRU\ SeUfRUPaQce. The UeVXOWV LPSO\ WhaW cRPbLQLQg DOT ZLWh VRcLaO URbRW

feedbacN PLghW be aQ effecWLYe Za\ WR LPSURYe OeaUQLQg, a fLQdLQg Rf gUeaW VLgQLfLcaQce fRU

SRWeQWLaO fXWXUe cOLQLcaO LQWeUYeQWLRQ Rf Whe VeWXS LQ Whe cRQWe[W Rf PePRU\ WUaLQLQg fRU

SaWLeQWV ZLWh dePeQWLa aQd PLOd cRgQLWLYe LPSaLUPeQW.
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DIFFERENTIAL OUTCOME TRAINING OCH
FEEDBACK FRÅN EN HUMANOID ROBOT PÅ
ETT VISUOSPATIALT KOGNITIVT SPEL

En e[SeUimenWell VWXdie Vom XndeUV|keU inllUning,
affekWiYW VocialW engagemang VamW kogniWiYa
inllUningVVWUaWegieU

Sammanfattning

GeQRP aWW NRPbLQeUa differential oXtcome training (DOT), aQYlQdaQdeW aY XQLNa

VWLPXOXV-UeVSRQV SaU, Ped feedbacN fUnQ eQ VRcLaO hXPaQRLd VLPXOeUad URbRW (SDK) V\fWaU

deQQa VWXdLe WLOO aWW f|UblWWUa LQOlUQLQgV- Rch PLQQeVf|UPnga Sn eWW dLgLWaOW YLVXRVSaWLaOW

VSeO. DeQQa VWXdLe f|UeVOnU eQ Q\ d\adLVN VeWXS f|U eQ dLgLWaO gamifierad PLQQeVXSSgLfW

VRP LQNOXdeUaU DOT Rch SDK-feedbacN Rch h\SRWLVeUaU aWW deQQa NRPbLQaWLRQ |NaU

eQgagePaQg, YLONeW L VLQ WXU f|UblWWUaU PLQQeVf|UPnga. DeWWa XSSQnV geQRP aWW aQYlQda

SDK VRP eWW gUlQVVQLWW f|U eQ aOgRULWP VRP geU aXdLRYLVXeOO, beWLQgaQde feedbacN f|U aWW

fUlPMa eQgagePaQg. DeVVXWRP f|UVWlUNeU feedbacNeQ differential oXtcome effect fUnQ

beO|QLQgVV\VWePeW L VSeOeW, YLONeW L VLQ WXU f|UblWWUaU LQOlUQLQgeQ. IQOlUQLQg PlWWeV L deQQa

VWXdLe geQRP aQWaO NRUUeNWa VYaU UlNQaW L SURceQW L deW YLVXRVSaWLaOa VSeOeW. VLdaUe

aQYlQdeV LMRWLRQV-SURgUaPYaUaQ, e\e-WUacNLQg Rch eQ self assessment manikin-VNaOa f|U

aWW aQaO\VeUa affeNWLYa VLgQaOeU Rch NRgQLWLYa VWUaWegLeU NYaOLWaWLYW. TRWaOW deOWRg 60

f|UV|NVSeUVRQeU L e[SeULPeQWeW, YaUaY UeVXOWaWeQ YLVade aWW f|UV|NVSeUVRQeU VRP VSeOade

Ped DOT hade VLgQLfLNaQW h|gUe PLQQeVf|UPnga lQ de VRP LQWe gMRUde deW. VLdaUe YLVade

NYaOLWaWLY aQaO\V aY affeNWLYa daWa aWW deOWagaUe VRP fLcN feedbacN aY SDK hade VW|UUe

NlQVOa aY NRQWUROO Rch NRPbLQeUaW Ped DOT h|gUe QLYn aY YaOeQV. E\e-WUacNLQg-daWa
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aYVO|Made fOeUa NRgQLWLYa VWUaWegLeU dlU SeULfeUW VeeQde W\cNV YaUa PeU NRUUeOeUad Ped h|gUe

PLQQeVf|UPnga. ReVXOWaWeQ aQW\deU aWW NRPbLQaWLRQeQ aY DOT Ped VRcLaO URbRW-feedbacN

lU eWW effeNWLYW VlWW aWW f|UblWWUa LQOlUQLQg, YLONeW lU aY VWRU beW\deOVe f|U SRWeQWLeOOa fUaPWLda

NOLQLVNa YeUVLRQeU aY VeWXSeQ L VaPbaQd Ped PLQQeVWUlQLQg f|U SaWLeQWeU Ped dePeQV Rch

PLOd NRgQLWLY fXQNWLRQVQedVlWWQLQg.

Nyckelord

MlQQLVNa-URbRW LQWeUaNWLRQ, gaPLfLeUad PLQQeVXSSgLfW, dePeQV, eQgagePaQg, dLgLWaOLVeUad

dePeQVYnUd, URbRWaVVLVWaQV.
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Preface

ThLV VWXd\ ZaV cRQdXcWed aV RXU bacheORU WheVLV LQ Whe fLQaO \eaU Rf Whe CRgQLWLYe ScLeQce

BSc SURgUaPPe aW UQLYeUVLW\ Rf GRWheQbXUg VSULQg 2022. IW ZaV eTXaOO\ caUULed RXW aQd

dLYLded beWZeeQ Whe aXWhRUV. MaUNeOLXV cRQdXcWed Whe daWa aQaO\VLV, aQd SM|beUg Whe

SUacWLcaO e[SeULPeQWV, aQd bRWh ZeUe UeVSRQVLbOe fRU Whe cRUUeVSRQdLQg SaUWV Rf Whe UeSRUW.

The aXWhRUV cROOabRUaWed WhURXghRXW Whe e[SeULPeQW, UeSRUW ZULWLQg aQd aQaO\VLV, WR be a

SaUW Rf Whe VWXd\ PXWXaOO\ aQd MRLQWO\. ThLV VWXd\ LV SaUW Rf Whe STINT SURMecW Engaging

HXmans in Gamified Memor\ Training Xsing HXmanoid Robots aV a cROOabRUaWLRQ Rf

UQLYeUVLW\ Rf GRWheQbXUg aQd KRo UQLYeUVLW\, ZLWh Whe ORQg-WeUP gRaO Rf SURdXcLQg a

VXVWaLQabOe UeVeaUch aQd edXcaWLRQ VeWXS aV ZeOO aV Oa\LQg Whe fRXQdaWLRQ fRU XVe Rf

aOWeUQaWLYe dLgLWaOLVed WechQRORg\ (URbRWV), aV SaUW Rf LQWeUYeQWLRQ PePRU\ WUaLQLQg fRU PLOd

WR PRdeUaWe dePeQWLa.

The aXWhRUV ZLVh WR WhaQN DU. RRbeUW LRZe aQd BahUaP SaOaPaW RaYaQdL fRU WheLU

VXSeUYLVLQg aQd LQVLghWfXO WhRXghWV dXULQg Whe VWXd\ aV ZeOO aV MaUWLQ BeUgVWU|P fRU

SURgUaPPLQg Whe TTT BRRVWeU GaPe XVed LQ Whe VWXd\. E[WUa WhaQNV aUe aOVR dLUecWed WR

PURfeVVRU DU. SRRh\XQg Lee aW SeRXO NaWLRQaO UQLYeUVLW\ fRU adYLce aQd VXSSRUW aQd WR

SaQgbeRP KLP fRU heOS ZLWh daWa aQaO\VLV.
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1 Introduction

TRda\ eYeU\ cRXQWU\ LQ Whe ZRUOd LV e[SeULeQcLQg a dePRgUaShLc VhLfW ZLWh aQ LQcUeaVLQgO\ ageLQg

SRSXOaWLRQ. IPSURYed heaOWhcaUe aQd OLYLQg VWaQdaUdV RQ a gORbaO VcaOe haYe Pade LW SRVVLbOe fRU

hXPaQV WR OLYe ORQgeU OLYeV, aQd beWZeeQ 2015 aQd 2050, Whe SURSRUWLRQ Rf Whe ZRUOd'V SRSXOaWLRQ

RYeU 60 \eaUV LV e[SecWed WR aOPRVW dRXbOe fURP 12% WR 22% (WHO, 2021). ThLV haV Oed WR aQ

LQcUeaVe LQ SeRSOe OLYLQg ZLWh MLOd CRgQLWLYe IPSaLUPeQW (MCI) RU dePeQWLa VXch aV AO]heLPeU'V

dLVeaVe (AD). IQ 2020, RYeU 55 PLOOLRQ SeRSOe ZRUOdZLde ZeUe OLYLQg ZLWh dePeQWLa aQd WhLV

aPRXQW LV e[SecWed WR QeaUO\ dRXbOe eYeU\ 20 \eaUV, aQd WR Ueach 78 PLOOLRQ LQ 2030 aQd 139

PLOOLRQ LQ 2050 (ADI, 2021). ThLV ZLOO LQ WXUQ LQcUeaVe Whe aPRXQW Rf SeRSOe LQ Qeed fRU

WUeaWPeQWV aQd WheUefRUe LQcUeaVe Whe dePaQd fRU PRUe effecWLYe LQWeUYeQWLRQV LPSOePeQWed RQ a

OaUgeU VcaOe aQd acceVVLbOe WR PRUe SeRSOe. AddLWLRQaOO\, Whe RQgRLQg COVID-19 SaQdePLc affecWV

Whe abLOLW\ Rf VeQLRUV (WhRVe ZhR aUe PRUe VXVceSWLbOe WR PePRU\ ORVV) WR WUaYeO, a SURbOeP WhaW LV

e[SecWed WR cRQWLQXe fRU a ORQg WLPe (CXffaUR, 2020). ThLV LQcUeaVeV Whe dePaQd fRU WUeaWPeQWV WR

be aYaLOabOe LQ hRPe-VeWWLQgV aQd ZLWhRXW Whe Qeed Rf a cOLQLcLaQ WR cUeaWe cRQWaPLQaWLRQ-fUee aQd

Vafe acceVV. DLgLWaOLVed gaPLfLed PePRU\ WaVNV RffeU gUeaW SRWeQWLaO aV a SRVVLbOe LQWeUYeQWLRQ WR

SURYLde WUeaWPeQWV RQ a OaUgeU VcaOe aQd ZLWh LPSURYed acceVVLbLOLW\ (SaLOeU eW aO., 2020).

AddLWLRQaOO\, VRcLaO aVVLVWLYe URbRWV haYe SRWeQWLaO WR SURPRWe aQd LPSURYe OeaUQLQg aQd PePRU\

SeUfRUPaQce ZheQ RffeULQg feedbacN LQ cRPbLQaWLRQ ZLWh gaPLfLed WaVNV (e.g. AQdULeOOa eW aO.,

2020). IPSOePeQWaWLRQ Rf DLffeUeQWLaO OXWcRPe TUaLQLQg (DOT), Whe SURcedXUe ZheQ XVLQg XQLTXe

VWLPXOXV-UeVSRQVe SaLULQgV,  haV aOVR beeQ VXggeVWed WR SURPRWe aQd LQcUeaVe PePRU\

SeUfRUPaQce (VLYaV eW aO., 2018) fRU e[aPSOe RQ YLVXRVSaWLaO cRgQLWLYe WaVNV. ThLV VWXd\ cRQceUQV

aQ e[SeULPeQW XVLQg Whe DOT PeWhRdRORg\ fRU a gaPLfLed PePRU\ WaVN ZLWh feedbacN fURP a

VRcLaO URbRW. MXch XQceUWaLQW\ VWLOO e[LVWV abRXW Whe UeOaWLRQVhLS beWZeeQ VRcLaO feedbacN URbRWV

aQd DOT, aQd WR Whe SUeVeQW da\ WheUe haV QRW beeQ aQ\ UeVeaUch cRPbLQLQg DOT aQd URbRWV

befRUe accRUdLQg WR Whe aXWhRU'V NQRZOedge afWeU e[WeQVLYe OLWeUaWXUe UeYLeZLQg, a NQRZOedge gaS

WhaW WhLV VWXd\ aLPV WR fLOO.

1



1.1 Objectives

TR cRQWULbXWe WR PeeW Whe abRYe PeQWLRQed QeedV, WhLV VWXd\ SURSRVeV a QeZ hXPaQ/URbRW

LQWeUacWLYe VeWXS fRU a YLVXRVSaWLaO dLgLWaOLVed gaPLfLed WaVN ZhLOe LPSOePeQWLQg DLffeUeQWLaO

OXWcRPe TUaLQLQg (DOT). The VWXd\¶V LQLWLaO gRaO ZaV WR LQYeVWLgaWe hRZ SaUWLcLSaQWV'

SeUfRUPaQce RQ a gaPLfLed PePRU\ WaVN LV affecWed b\ LPSOePeQWLQg aQ ePbRdLed FXUhaW URbRW

(FXUhaW RRbRWLcV, 2021) cRPSaUed WR a VLPXOaWed YeUVLRQ Rf FXUhaW (SDK). HRZeYeU, dXe WR

WechQLcaO LVVXeV ZLWh Whe FXUhaW URbRW dXULQg Whe e[SeULPeQW Whe cRQdLWLRQ ZaV dLVcRQWLQXed, aQd

WhLV VWXd\ ZLOO VROeO\ LQYeVWLgaWe Whe SDK (Vee ASSeQdL[ 1 fRU Whe UeVXOWV gaWheUed fRU 7

SaUWLcLSaQWV LQ Whe FXUhaW cRQdLWLRQ befRUe dLVcRQWLQXaWLRQ). TR SURYLde ePbRdLed URbRWV WR aOO

SaWLeQWV LQ fXWXUe cOLQLcaO LQWeUYeQWLRQV ZRXOd be bRWh dLffLcXOW WR achLeYe LQ WeUPV Rf acceVVLbLOLW\

aQd cRVWO\ RQ a OaUge VcaOe. TheUefRUe Whe XVe Rf URbRW VLPXOaWLRQ (LQ WhLV VWXd\ Whe FXUhaW SDK),

RffeUV a SRWeQWLaO effecWLYe VROXWLRQ WR PaNe URbRW LQWeUacWLRQ WUeaWPeQWV PRUe aYaLOabOe. MaQ\

SaWLeQWV ZLWh MCI RU dePeQWLa aUe eLWheU hRXVebRXQd RU PLghW haYe ORZ PRbLOLW\. If a VLPXOaWRU

cRXOd gLYe a beQefLcLaO effecW, LW cRXOd be a YaOXabOe aOWeUQaWLYe fRU UeLQfRUcLQg feedbacN ZLWh

eaVLeU acceVV WhaQ SURYLdLQg ePbRdLed URbRWV fRU eYeU\ LQWeUYeQWLRQ, eVSecLaOO\ ZLWhLQ a PRbLOe

SOaWfRUP. The LPSOePeQWaWLRQ Rf VRcLaO feedbacN URbRWV LQ Whe cRQWe[W Rf dePeQWLa WUeaWPeQW aQd

fRU eQgagePeQW haYe beeQ LQcUeaVLQg aQd LQ Whe OaVW decadeV a QXPbeU Rf UeVeaUcheUV haYe VRXghW

WR deWeUPLQe hRZ WR fLQd RSWLPaO aQd effecWLYe LPSOePeQWaWLRQV. SLPXOaWed URbRWV XVed aV aYaWaU

cRPSaQLRQV ZLWhLQ affRUdabOe PRbLOe WechQRORgLeV cRXOd be XVed ZLWhLQ LQWeUYeQWLRQV, SRVVLbO\

WheQ bacNed XS b\ SeULRdLc XVe Rf Whe Sh\VLcaO URbRW XVed LQ a VSecLfLc facLOLW\. HRZeYeU, hRZ

VXbMecW PePRU\ SeUfRUPaQce aQd OeaUQLQg LV affecWed b\ haYLQg a VLPXOaWed URbRW aV a feedbacN

SaUWQeU LV \eW XQNQRZQ aQd WhLV VWXd\ aLPV WR eYaOXaWe WhLV ZLWh UegaUd WR SOa\LQg a gaPLfLed

PePRU\ WaVN.

The SURSRVed VWXd\ LQYROYeV XVLQg DOT cRPbLQed ZLWh Whe VLPXOaWed FXUhaW URbRW (SDK), WR

aVVLVW aQd SURYLde feedbacN WR facLOLWaWe VRcLaO eQgagePeQW aV ZeOO aV eQhaQce Whe DLffeUeQWLaO

OXWcRPe EffecW (DOE, Whe RccXUUeQce Rf aVVRcLaWLRQ-SaLUV ZheQ LPSOePeQWLQg DOT) Rf Whe

UeZaUd V\VWeP Rf Whe gaPe. The dLffeUeQWLaO RXWcRPeV (UeZaUdV) SURYLded b\ Whe gaPLfLed WaVN
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cRQceUQV SVeXdR-PRQeWaU\ UeZaUd ZhLOe Whe FXUhaW SDK cRPSOePeQWV WhLV ZLWh VRcLaOO\

UeZaUdLQg feedbacN cRQVLVWeQW ZLWh WhaW SUeVeQWed LQ Whe gaPe, Whe URbRW LV aOVR beOLeYed WR

cRQWULbXWe ZLWh a VRcLaO SUeVeQce effecW WhaW ZRXOd haYe a SRVLWLYe LPSacW RQ OeaUQLQg (Vee VecWLRQ

2.2 SRcLaO PUeVeQce TheRU\). The DOT LV LQcOXded LQ Whe UeZaUd V\VWeP Rf Whe gaPLfLed WaVN aQd

LV LQWeQded WR facLOLWaWe aQd LPSURYe OeaUQLQg aQd PePRU\ SeUfRUPaQce. DOT haV SUeYLRXVO\ beeQ

VhRZQ WR LPSURYe OeaUQLQg aQd PePRU\ SeUfRUPaQce (VLYaV eW aO., 2018) aQd LW haV SRWeQWLaO WR be

beQefLcLaO Lf LPSOePeQWed aV a fXWXUe LQWeUYeQWLRQ fRU dePeQWLa WUeaWPeQW. VLYaV eW aO. (2018) XVed

DOT RQ a YLVXRVSaWLaO WaVN aQd fRXQd a DOE fRU SeUfRUPaQce accXUac\ (PaWchLQg WR VaPSOe) aQd

WhLV VWXd\ aLPV WR cRQWLQXe ZLWh a VLPLOaU aSSURach adaSWed WR a gaPLfLed YeUVLRQ LQVWead aQd LQ

cRPbLQaWLRQ ZLWh Whe URbRW feedbacN. DLgLWaOLVed fRUPV Rf PePRU\ WaVNV RffeU beQefLWV VXch aV

SUecLVe WheUaS\ PRQLWRULQg, adaSWaWLRQ WR XVeUV' UeTXLUePeQWV aQd VNLOOV, aQd LPSOePeQWaWLRQ aW a

OaUge VcaOe, SRVVLbO\ ZLWhRXW a cOLQLcaO WheUaSLVW. DLgLWaOLVaWLRQ Rf PePRU\ WaVNV addLWLRQaOO\

PaNeV LW SRVVLbOe fRU aW-hRPe WUeaWPeQWV, LQcUeaVLQg Whe acceVVLbLOLW\, eVSecLaOO\ VLgQLfLcaQW dXULQg

COVID-19 becaXVe Rf Whe UedXced PRbLOLW\ Rf eOdeUO\ aQd dePeQWLa SaWLeQWV (CXffaUR, 2020).

UOWLPaWeO\, Whe VeWXS LV LQWeQded aV a YaOLdaWLRQ Rf a WaVN WR be XVed LQ a cOLQLcaO cRgQLWLYe

LQWeUYeQWLRQ WR PeeW Whe QeedV Rf aQ LQcUeaVed dePaQd fRU dLgLWaOLVed fRUPV Rf WUeaWPeQW fRU

dePeQWLa VXch aV AD aQd MCI. SLQce WhLV VWXd\ LV SaUW Rf Whe fLUVW LQLWLaOL]aWLRQ Rf Whe VeWXS aQd

Whe VSecLfLc cRPbLQaWLRQ Rf URbRW feedbacN aQd DOT LW ZLOO be cRQdXcWed aV a SUecOLQLcaO

YaOLdaWLRQ VWXd\ WR eQabOe eYaOXaWLRQ aQd LPSURYePeQW Rf Whe VeWXS WR OaWeU be XVed ZLWh UeVSecW WR

cOLQLcaO SaUWLcLSaQWV. The cRPSRQeQWV PeaVXUed LQ WhLV VWXd\, QaPeO\ SaUWLcLSaQWV' OeaUQLQg

SeUfRUPaQce, aV ZeOO aV cRgQLWLYe aQd affecWLYe eQgagePeQW ZLWh UeVSecW WR DOT aQd URbRW

SUeVeQce aUe cUXcLaO fRU a VXcceVVfXO fXWXUe LPSOePeQWaWLRQ. HRZeYeU, RWheU cRPSRQeQWV VhRXOd

addLWLRQaOO\ be LQYeVWLgaWed aQd UeVeaUched befRUe fXWXUe cOLQLcaO LPSOePeQWaWLRQ.

BecaXVe WhLV VWXd\ LV Whe fLUVW LQLWLaOL]aWLRQ Rf Whe VeWXS, LW LV aQ LPSRUWaQW fLUVW VWeS WR aOORZ fRU Whe

SRVVLbLOLW\ WR eYaOXaWe aQd LPSURYe LWV YaULRXV cRPSRQeQWV fRU fXWXUe VWXdLeV aQd cOLQLcaO

LPSOePeQWaWLRQV. The SaUWLcLSaQWV LQ WhLV VWXd\ aUe WheUefRUe OLPLWed WR VROeO\ heaOWh\ LQdLYLdXaOV

(QRW beLQg a SeUVRQ ZLWh dePeQWLa). HRZeYeU, Whe e[SeULPeQWaO UeVXOWV aUe e[SecWed WR SURdXce

LQVLghWV LQWR hRZ WR beVW cRQfLgXUe fXWXUe VeWXSV aV Whe\ aSSO\ WR SeUVRQV ZLWh MCI RU dePeQWLa.

AQdULeOOa eW aO. (2018), cRQdXcWed aQ e[SeULPeQWaO VWXd\ LQYeVWLgaWLQg aQ HXPaQ-RRbRW
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IQWeUacWLRQ (HRI) VeWXS fRU AD aQd MCI PePRU\ WUaLQLQg WhaW ZaV WeVWed aQd eYaOXaWed ZheUe

DOE ZaV deWecWed fRU SaUWLcLSaQWV ZLWhRXW cRgQLWLYe LPSaLUPeQWV. The e[SeULPeQW ZaV caUULed RXW

ZLWh QRQ-cOLQLcaO VXbMecWV aQd ZLWh UeVSecW WR dLffeUeQW OeYeOV Rf LQWeUacWLRQ, feedbacN aQd

chaOOeQge OeYeOV, VLPLOaU WR Whe dLffeUeQW OeYeOV Rf Whe gaPe aQd DOT LQ WhLV VWXd\. AV LW LV Whe fLUVW

WLPe WhLV SaUWLcXOaU VeWXS LV WeVWed aQd PeaVXUed VcLeQWLfLcaOO\, LW LV Rf hLgh LPSRUWaQce WR LdeQWLf\

LQ aQ eaUO\ VWage ZhaW caQ be LPSURYed aQd RSWLPLVed befRUe WeVWLQg LW RQ SaWLeQWV ZLWh MCI.

FXUWheUPRUe, Whe SaUaPeWeUV Rf Whe VeWXS aUe VcaOabOe aQd caQ be adMXVWed fRU fXWXUe cOLQLcaO

VXbMecWV, WhLV LQcOXdeV bRWh Whe feedbacN gLYeQ b\ Whe URbRW aV ZeOO aV cRPSRQeQWV Rf Whe gaPLfLed

PePRU\ WaVN aQd DOT. The RbMecWLYe Rf WhLV e[SeULPeQW LV WR OLQN WR ZhaW e[WeQW LPSOePeQWaWLRQ

Rf DOT LPSURYeV SaUWLcLSaQWV' OeaUQLQg aQd PePRU\ SeUfRUPaQce ZLWh UeVSecW WR YaULRXV

cRPSRQeQWV Rf Whe VeWXS aQd hRZ Whe URbRW feedbacN facLOLWaWeV VRcLaO aQd WaVN eQgagePeQW.

AddLWLRQaOO\, aQ RbMecWLYe Rf WhLV UeVeaUch LV WR deWeUPLQe ZheWheU Whe DOT aQd SDK caQ SURYe WR

be aQ effecWLYe cRPbLQaWLRQ fRU LPSURYLQg OeaUQLQg LQ gaPLfLed PePRU\ WaVNV, SURYLdLQg

VLgQLfLcaQW aQd LPSRUWaQW cRQWULbXWLRQV WR Whe e[LVWLQg OLWeUaWXUe RQ Whe WZR SheQRPeQRQV. ThLV

VWXd\ aLPV WR LdeQWLf\ Whe SRWeQWLaO LQWeUacWLRQ effecWV Rf HRI aQd DOT WR LPSURYe OeaUQLQg aQd

eQgagePeQW. FLQaOO\, LW aOVR SURYLdeV LQVLghW WR YaULRXV cRgQLWLYe VWUaWegLeV WR VROYe Whe gaPLfLed

PePRU\ WaVN, ZhLch caQ SURYe YaOXabOe fRU RSWLPL]aWLRQ aQd eYaOXaWLRQ Rf Whe VeWXS.

1.2 Question statements

L) IV WheUe a dLffeUeQWLaO RXWcRPe effecW cRQVLVWLQg Rf LPSURYed/faVWeU OeaUQLQg accXUac\ RQ

a gaPLfLed YLVXRVSaWLaO PePRU\ WaVN ZheQ LPSOePeQWLQg a DOT SURWRcRO LQ Whe gaPe?

LL) HRZ LV OeaUQLQg SeUfRUPaQce RQ a gaPLfLed YLVXRVSaWLaO WaVN affecWed b\ Whe VRcLaO

SUeVeQce effecW aQd UeceLYLQg UeZaUd feedbacN fURP a VLPXOaWed URbRW, aV cRPSaUed WR

QRQ-VRcLaO UeZaUd feedbacN?

LLL) IV Whe dLffeUeQWLaO RXWcRPe effecW RQ OeaUQLQg eQhaQced b\ Whe LPSOePeQWaWLRQ Rf VRcLaO

UeZaUd feedbacN fURP a VLPXOaWed URbRW?
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1.3 Hypotheses

H\pothesis 1: SXbMecWV' OeaUQLQg aQd PePRU\ SeUfRUPaQce (PeaVXUed b\ SeUceQWage Rf cRUUecW

gaPe UeVSRQVeV (CR)) LQ Whe gaPLfLed PePRU\ WaVN LV hLgheU ZheQ SOa\LQg Whe gaPe XQdeU a

dLffeUeQWLaO RXWcRPe SURcedXUe WhaQ fRU a QRQ-dLffeUeQWLaO RXWcRPe SURcedXUe.

H\pothesis 2: SXbMecWV¶ OeaUQLQg aQd PePRU\ SeUfRUPaQce (PeaVXUed b\ SeUceQWage Rf cRUUecW

gaPe UeVSRQVeV (CR)) LQ Whe gaPLfLed PePRU\ WaVN LV hLgheU ZheQ UeceLYLQg VRcLaO UeZaUd

feedbacN dXULQg Whe gaPe fURP a VLPXOaWed URbRW.

H\pothesis 3: The dLffeUeQWLaO RXWcRPeV effecW ZLOO be OaUgeU ZheQ VRcLaO UeZaUd feedbacN LV

SURYLded b\ a VLPXOaWed URbRW, WhXV UeVXOWLQg LQ a SRVLWLYe LQWeUacWLRQ effecW beWZeeQ Whe WZR

YaULabOeV.
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2 Theory

The WheRULeV WhaW aUe UeOaWed WR WhLV VWXd\ aUe addUeVVed LQ Whe fROORZLQg VecWLRQ aQd aUe aV fROORZV:

DLffeUeQWLaO OXWcRPe TheRU\, SRcLaO PUeVeQce WheRU\, TheRULeV Rf eQgagePeQW aQd dePeQWLa aQd

RXVVeOO¶V cLUcXPSOe[ PRdeO Rf affecW.

2.1 Differential Outcome Theory

DLffeUeQWLaO OXWcRPe TheRU\ VWaWeV WhaW UeZaUd-UeOaWed feedbacN XQLTXe WR (dLffeUeQWLaO ZLWh

UeVSecW WR) VWLPXOXV-UeVSRQVe SaLULQgV haV a SRVLWLYe effecW RQ OeaUQLQg accXUac\ aQd UaWe Rf

OeaUQLQg. WheQ XQLTXe UeZaUdV aUe SaLUed ZLWh a XQLTXe VWLPXOXV, OeaUQLQg aSSURSULaWe UeVSRQVeV

WR Whe VWLPXOXV LV VWUeQgWheQed WhURXgh Whe XQLTXe VWLPXOXV-UeZaUd aVVRcLaWLRQV, aV cRPSaUed WR

ZheQ Whe UeZaUd LV QRW VWLPXOXV VSecLfLc. DLffeUeQWLaO OXWcRPe EffecW (DOE) RccXUV ZheQ aQ

LQdLYLdXaO fRUPV aVVRcLaWLRQ SaLUV beWZeeQ a VWLPXOXV aQd UeVSRQVe, aV ZeOO aV VLPXOWaQeRXV

aVVRcLaWLRQV beWZeeQ a VWLPXOXV aQd LWV SaUWLcXOaU UeLQfRUcePeQW (GReWeUV eW aO., 1992; UUcXLROL,

2005). DOE ZaV fLUVW LQWURdXced b\ TUaSROd (1970) ZhR cRQdXcWed aQ e[SeULPeQW ZheUe UaWV ZeUe

WaXghW WR dLVcULPLQaWe beWZeeQ WZR dLffeUeQW QRLVeV. The UeVXOWV VhRZed WhaW UaWV ZLWh dLffeUeQWLaO

VWLPXOXV-UeVSRQVe VSecLfLc UeLQfRUcePeQWV had gUeaWeU accXUac\ LQ dLVcULPLQaWLRQ cRPSaUed WR Whe

UaWV LQ Whe cRQWURO gURXS ZLWh UaQdRPL]ed UeLQfRUceUV fRU each UeVSRQVe. The effecW ZaV fLUVWO\

WeVWed RQ hRUVeV, SLgeRQV aQd RWheU QRQ-hXPaQ aQLPaOV ZLWh UeVXOWV LQdLcaWLQg WhaW DOE LV

aSSOLcabOe fRU LQcUeaVed OeaUQLQg WhURXgh aVVRcLaWLRQV aQd dLVcULPLQaWLRQ. TUaSROd¶V e[SeULPeQW

Oed WR fXUWheU LQYeVWLgaWLRQ Rf Whe WheRU\, aQd LW LV aVVXPed WR e[LVW LQ RWheU aQLPaOV XVed aV PRdeOV

fRU XQdeUVWaQdLQg Whe OeaUQLQg aQd PePRU\ SURceVVeV LQYROYed (UUcXLROL, 2005).

McCRUPacN eW aO. (2019) cRQdXcWed a V\VWePaWLc PeWa-aQaO\VLV UeYLeZ UeYeaOLQg a VLgQLfLcaQW

effecW RQ OeaUQLQg ZheQ LQcRUSRUaWLQg DLffeUeQWLaO OXWcRPe TUaLQLQg (DOT)  LQ WaVNV WhaW aSSOLed

WR bRWh aQLPaOV, hXPaQ chLOdUeQ aQd adXOWV. McCRUPacN eW aO. deYeORSed a gaPLfLed SV\chRORg\
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WaVN baVed RQ DOT fRU hXPaQV, ZheUe Whe UeVXOWV dePRQVWUaWed a gRRd e[SeULPeQWaO aQaORgXe fRU

SeRSOeV¶ caVXaO OLfe, ZheUe dLffeUeQW acWLRQV RU VWLPXOL Oead WR dLffeUeQW cRQVeTXeQceV. The

VWLPXOXV-VSecLfLc UeLQfRUcePeQWV WhaW DOT SURYLdeV VXggeVWV eQhaQcePeQW Rf acTXLVLWLRQ, faVWeU

OeaUQLQg aQd beWWeU accXUac\. FXUWheUPRUe, McCRUPacN eW aO. (2019) RbVeUYed PedLXP-OaUge

effecW VL]eV LQ UegaUd WR DOT, ZhLch SURYLdeV VWURQg eYLdeQce WhaW DOE LV effecWLYe WR hXPaQV.

2.2 Social Presence Theory
SRcLaO SUeVeQce TheRU\ (SPT) ZaV fLUVW LQWURdXced b\ ShRUW eW aO. (1976) LQ Whe cRQWe[W Rf

WeOecRPPXQLcaWLRQV, ZLWh Whe defLQLWLRQ Rf VRcLaO SUeVeQce aV ³Whe degUee Rf VaOLeQce (L.e., TXaOLW\

RU VWaWe Rf beLQg WheUe) beWZeeQ WZR cRPPXQLcaWRUV XVLQg a cRPPXQLcaWLRQ PedLXP´. LRZeQWhaO

(2010) accRXQWV fRU hRZ SPT cRQWLQXRXVO\ VRXghW WR e[SOaLQ RQ RQe eQd hRZ SeRSOe SeUceLYe

RWheU SeRSOe aV beLQg SUeVeQW RU beLQg UeaO aQd RQ aQRWheU eQd hRZ LPPeUVed SeRSOe SeUceLYe

WhePVeOYeV LQ a SURMecWed eQYLURQPeQW aQd hRZ RWheU SeRSOe caQ SeUceLYe WheP. SRPe RWheU

defLQLWLRQV ePShaVLVe Whe ePRWLRQaO aQd LQWeUSeUVRQaO cRQQecWLRQ beWZeeQ cRPPXQLcaWRUV (O]WRN,

2011). LRZeQWhaO (2010) fXUWheU cRQQecWV SPT WR OeaUQLQg aQd deVcULbeV hRZ LW haV becRPe a

ceQWUaO cRQceSW eVSecLaOO\ LQ RQOLQe OeaUQLQg aV a Ne\ cRPSRQeQW LQ WheRUeWLcaO fUaPeZRUNV fRU

OeaUQLQg QeWZRUNV. PUeYLRXV fLQdLQgV haYe UeYeaOed Whe LPSRUWaQce Rf YLVXaO chaQQeOV fRU

VWUeQgWheQLQg cRPPXQLcaWLRQ PedLa aQd hRZ RQOLQe OeaUQeUV SURMecW WhePVeOYeV aV beLQg RQOLQe

aQd SUeVeQW aQd VXggeVWV hRZ WhaW PLghW LPSURYe OeaUQLQg. SLPLOaU PechaQLVPV aUe beOLeYed WR

e[SOaLQ Whe feeOLQg Rf beLQg ZLWh aQRWheU VRcLaO eQWLW\ WhaW cRXOd WheQ SRWeQWLaOO\ aOVR haYe a

SRVLWLYe LQfOXeQce RQ OeaUQLQg cRPbLQed ZLWh VRcLaO HRI. The PechaQLVP behLQd Whe WheRU\ caQ

be deVcULbed LQ WeUPV Rf Whe eQYLURQPeQW. IQcUeaVed VRcLaO SUeVeQce caQ be VeeQ WR cUeaWe a PRUe

VRcLabOe, ZaUP, aQd SeUVRQaO eQYLURQPeQW, ZheUeaV Whe RSSRVLWe caQ be VaLd Rf eQYLURQPeQWV ZLWh

OeVV VRcLaO SUeVeQce, ZLWh fRU e[aPSOe OeVV QRQYeUbaO aQd UeOaWLRQaO cXeV. The eQYLURQPeQW LV VaLd

WR be cUXcLaO fRU edXcaWLRQaO VeWWLQgV eVSecLaOO\ VLQce OeaUQLQg RfWeQ LV VeeQ aV a VRcLaO SUacWLce.

The chaUacWeULVWLcV Rf Whe PedLa LV aOVR Rf LPSRUWaQce WR LQcUeaVe Whe feeOLQg Rf VRcLaO SUeVeQce,

ZheUe a PRUe PXOWL-dLPeQVLRQaO PedLa RfWeQ OeadV WR LQcUeaVed VRcLaO SUeVeQce, VXch aV YLdeR

(LQcOXdLQg bRWh aXdLR aQd YLVXaO cXeV) aV cRPSaUed WR VROeO\ aXdLR (LRZeQWhaO, 2010).
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SRcLaO SUeVeQce haV SUeYLRXVO\ VhRZQ VLgQLfLcaQW LPSRUWaQce LQ acceSWaQce Rf VRcLaO aVVLVWLYe

URbRWV LQ eOdeUcaUe VeWWLQgV. The WeUP RfWeQ UeOaWeV WR Whe feeOLQg Rf beLQg accRPSaQLed b\ a VRcLaO

eQWLW\, aQd haV beeQ fRXQd WR haYe a cUXcLaO UROe fRU Whe acceSWaQce Rf bRWh fXQcWLRQaO aQd

cRQYeUVaWLRQaO URbRWLc ageQWV. B\ PeaVXULQg VRcLaO SUeVeQce LQ UeOaWLRQ WR acceSWaQce RU

cRQYeUVaWLRQaO e[SUeVVLYeQeVV, eaUOLeU VWXdLeV haYe cRQQecWed Whe LQcUeaVed feeOLQg Rf beLQg LQ Whe

SUeVeQce Rf a VRcLaO eQWLW\ aV haYLQg a SRVLWLYe LPSacW RQ HRI (HeeULQN, 2009). ThLV LPSOLeV WhaW

b\ LQcUeaVLQg Whe feeOLQg Rf VRcLaO SUeVeQce Rf Whe URbRW LQ WhLV VWXd\ b\ LWV aXdLRYLVXaO feedbacN LW

PLghW haYe a SRVLWLYe effecW RQ acceSWaQce Rf Whe URbRW aV ZeOO aV RQ OeaUQLQg. AddLWLRQaOO\ LW

PLghW be Rf LQWeUeVW WR cRQQecW Whe fLQdLQgV Rf DOE ZLWh VRcLaO SUeVeQce aQd a SRWeQWLaO

UeOaWLRQVhLS beWZeeQ Whe WZR.

2.3 Engagement and dementia

OQe Rf Whe PRVW LPSRUWaQW chaOOeQgeV Rf cXUUeQW UeVeaUch LQ cRgQLWLYe LQWeUYeQWLRQV WR aLd PePRU\

WUaLQLQg fRU SaWLeQWV ZLWh dePeQWLa LV LQ WeUPV Rf eQgagePeQW. EQgagePeQW SOa\V a cUXcLaO UROe WR

be abOe WR PaNe WUeaWPeQWV PeaQLQgfXO, UeZaUdLQg aQd WR NeeS SaUWLcLSaQWV PRWLYaWed WR cRPSOeWe

aQ LQWeUYeQWLRQ WhaW PLghW OaVW RYeU VeYeUaO ZeeNV. EQgagePeQW LQ dePeQWLa LV defLQed b\

CRheQ-MaQVfLeOd eW aO. (2009) aV "Whe acW Rf beLQg RccXSLed RU LQYROYed ZLWh aQ e[WeUQaO

VWLPXOXV." RU b\ NaNaPXUa aQd CVLNV]eQWPLhaO\L (2014)  aV "Whe VeQVe Rf beLQg SRVLWLYeO\

abVRUbed LQ eQgagLQg acWLYLWLeV."  AddLWLRQaOO\, CRheQ-MaQVfLeOd eW aO. SURYLdeV a WheRUeWLcaO

fUaPeZRUN fRU eQgagePeQW LQ SeRSOe ZLWh dePeQWLa aQd ePShaVLVeV WhaW eQgagePeQW UeVeaUch LV

eVVeQWLaO fRU Whe deYeORSPeQW Rf QRQ-ShaUPacRORgLcaO dePeQWLa WUeaWPeQW aQd WheUaSLeV. The\

SURSRVe Whe WheRUeWLcaO fUaPeZRUN QaPed Whe ComprehensiYe Model of Engagement fRU SeRSOe

ZLWh dePeQWLa, cOaLPLQg WhaW eQYLURQPeQWaO aWWULbXWeV, hXPaQ aWWULbXWeV, aQd VWLPXOXV aWWULbXWeV aOO

LQfOXeQce VWLPXOXV eQgagePeQW. AV a UeVXOW Rf Whe eQgagePeQW, a VhLfW LQ affecW RccXUV, ZhLch

deWeUPLQeV Whe SUeVeQWaWLRQ Rf behaYLRXU LVVXeV. The PRVW VLgQLfLcaQW chaUacWeULVWLcV Rf

eQgagePeQW, accRUdLQg WR WheLU UeVeaUch, aUe UefXVaO, aWWeQWLRQ, aQd aWWLWXde. BecaXVe LW cRPbLQeV

UefXVaO aQd aWWeQWLRQ, eQgagePeQW WLPe LV a gORbaO PeWULc WhaW LQdLcaWeV aQ eVVeQWLaO WheUaSeXWLc

cRPSRQeQW. The\ ePShaVLVe WhaW fXWXUe LQYeVWLgaWLRQ LV QeceVVaU\ WR e[SORUe aQd, hRSefXOO\, dLVSeO
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Whe ZLdeO\ heOd beOLef WhaW dePeQWLa LQacWLYLW\ LV a fL[ed feaWXUe Rf Whe dLVeaVe WhaW caQQRW be

WUeaWed. The\ aOVR gLYe a fLUVWhaQd RbVeUYaWLRQaO aVVeVVPeQW Rf eQgagePeQW Rf SeRSOe ZLWh

dePeQWLa ZheUe dLPeQVLRQV Rf eQgagePeQW WLPe, aWWeQWLRQ, aWWLWXde aUe LQcOXded LQ Whe

PeaVXUePeQW.

EQgagePeQW haV SUeYLRXVO\ beeQ VWXdLed LQ UeOaWLRQ WR SV\chRORgLcaO WaVNV LQcOXdLQg hRZ LW UeOaWeV

WR YLVXaO aWWeQWLRQ, affecWLYe eQgagePeQW aQd fORZ WheRU\. AQdULeOOa eW aO. (2020) deVcULbe a

fUaPeZRUN RQ hRZ WR XWLOLVe aVVLVWLYe URbRWV fRU facLOLWaWLQg eQgagePeQW aQd SaWLeQW-URbRW

LQWeUacWLRQ (PRI) WR LPSURYe OeaUQLQg LQ a cOLQLcaO gaPLfLed WaVN. BeVLdeV UeYeaOLQg Whe SRWeQWLaO Rf

XVLQg URbRWV WR LPSURYe eQgagePeQW LQ PePRU\ WUaLQLQg Whe aXWhRUV aOVR ePShaVLVe Whe Qeed fRU

fXUWheU UeVeaUch RQ LPSURYLQg eQgagePeQW LQ Whe cRQWe[W Rf SaWLeQWV ZLWh dePeQWLa aQd HCI.

DRheUW\ eW aO. (2018) LQYeVWLgaWeV hRZ eQgagePeQW LV LQWeUSUeWed, XQdeUVWRRd, aQd PeaVXUed

acURVV hXPaQ-cRPSXWeU LQWeUacWLRQ aQd ePShaVLVeV LWV LPSRUWaQce ZLWh UeVSecW WR OeaUQLQg. FORZ

WheRU\ aQd VRcLaO SUeVeQce WheRU\ aUe RfWeQ XVed WR facLOLWaWe Whe aQaO\VLV Rf LQWeUacWLRQ aQd

eQgagePeQW aV a VWaWe Rf VXbMecWLYe e[SeULeQce. EQgagePeQW aV a VWaWe Rf fORZ LV defLQed aV

³RSWLPaO aQd eQMR\abOe e[SeULeQce chaUacWeULVed b\ aWUacWabOe chaOOeQge, LPPeUVLRQ, cRQWURO,

fUeedRP, cOaULW\, LPPedLaWe feedbacN, WePSRUaO LQVeQVLWLYLW\, aQd chaQgeV LQ RQe'V VeQVe Rf

LdeQWLW\´ aQd haYe RfWeQ beeQ XVed LQ Whe cRQWe[W Rf gaPLfLcaWLRQ (Vee VecWLRQ 3.2 DLgLWaOLVed

gaPLfLed PePRU\ WUaLQLQg). FXUWheUPRUe, eQgagePeQW haV aOVR beeQ deVcULbed LQ WeUPV Rf

cRgQLWLYe, ePRWLRQaO RU behaYLRXUaO cRPSRQeQWV ZheUe ePRWLRQaO/affecWLYe eQgagePeQW RfWeQ LV

aVVRcLaWed ZLWh SeUceLYed feeOLQgV VXch aV   LQWeUeVW RU bRUedRP. IW haV eVSecLaOO\ beeQ UeOaWed WR Whe

cLUcXPSOe[ PRdeO Rf affecW, ZheUe a hLgh RccXUUeQce Rf YaOeQce aQd aURXVaO haYe beeQ UeOaWed WR

eQgagePeQW. DRheUW\ (2018) aOVR dLVcXVVeV eQgagePeQW aV a SURdXcW Rf feedbacN aQd accRXQWV fRU

VWXdLeV WhaW haYe VhRZQ Whe LQfOXeQce Rf SeUfRUPaQce-UeOaWed feedbacN WhaW dLVcRYeUed WhaW

SRVLWLYe feedbacN eQcRXUageV XVeUV WR dR beWWeU RQ WaVNV aQd hRZ QegaWLYe feedbacN dLd QRW cUeaWe

OeVV eQgagePeQW. The\ aOVR ePShaVLVe hRZ WhLV SUeYLRXVO\ haV beeQ VhRZQ LQ Whe cRQWe[W Rf

LPPedLac\ VLgQaOV e[hLbLWed b\ hXPaQRLd URbRWV.
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2.4 Russell’s circumplex model

A cLUcXPSOe[ PRdeO Rf affecW ZaV SURSRVed b\ RXVVeOO (1980) aV a PeWhRd WR PeaVXUe affecW aQd

aOORZLQg SV\chRORgLVWV WR deSLcW Whe VWUXcWXUe Rf affecWLYe e[SeULeQce aQd WR UeSUeVeQW Whe

cRgQLWLYe VWUXcWXUe behLQd affecW aQd VeOf-UeSRUWed ePRWLRQaO VWaWeV. IW ZaV SURSRVed LQ cRQWUaVW WR

WheRULeV Rf dLVcUeWe baVLc ePRWLRQV WhaW RfWeQ RffeU WRR VLPSOLfLed aQd XQUeOLabOe Za\V WR PeaVXUe

VXch a cRPSOe[ cRgQLWLYe fXQcWLRQ VXch aV affecW. The cLUcXPSOe[ PRdeO LQVWead SURSRVeV WhaW

affecWLYe cRQceSWV caQ be VeeQ aV dLPeQVLRQV LQWeUcRUUeOaWed ZLWh each RWheU WhaW caQ be

UeSUeVeQWed LQ a cLUcXOaU faVhLRQ UeSUeVeQWLQg Whe VWUXcWXUe Rf VeOf-aVVeVVed ePRWLRQaO e[SeULeQce.

The RULgLQaO PRdeO cRQVLVWV Rf 4 VcaOeV RUdeUed LQ a cLUcOe ZLWh Whe fROORZLQg dLPeQVLRQV;

SOeaVXUe, e[cLWePeQW, aURXVaO, dLVWUeVV, dLVSOeaVXUe, deSUeVVLRQ, VOeeSLQeVV, aQd UeOa[aWLRQ. OQe Rf

Whe VcaOeV ZRXOd fRU e[aPSOe be SOeaVXUe LQ cRQWUaVW WR dLVSOeaVXUe. The LPSOLcaWLRQV Rf XVLQg VXch

a dLPeQVLRQaO PRdeO Rf affecW LQ cRQWUaVW WR a dLVcUeWe PRdeO LV WhaW LW RffeUV a PRUe UeaOLVWLc aQd

UeOLabOe Za\ aOLgQed ZLWh hRZ ePRWLRQ acWXaOO\ LV e[SeULeQced LQ hXPaQ beLQgV (FeOdPaQ BaUUeWW,

2001). UVXaOO\ ePRWLRQV aUe QRW e[SeULeQced aV dLVcUeWe PeQWaO VWaWeV cOeaUO\ dLffeUeQWLaWed fURP

each RWheU bXW aUe UaWheU aPbLgXRXV aQd RYeUOaSSLQg e[SeULeQceV Rf VeYeUaO dLffeUeQW PeQWaO

VWaWeV. TheUe LV aOVR QeXURORgLcaO VXSSRUW LQ faYRXU Rf Whe CLUcXPSOe[ PRdeO Rf affecW (PRVQeU eW

aO., 2005) aQd LW haV beeQ ZLdeO\ XVed aQd adRSWed fRU SV\chRORg\ aQd affecWLYe UeVeaUch. The SeOf

AVVeVVPeQW MaQLNLQ ScaOe LV RQe Rf Whe VSecLfLc PeaVXUePeQWV deYeORSed baVed RQ Whe

CLUcXPSOe[ PRdeO Rf affecW (BUadOe\ & LaQg, 1994).

2.4.1 SeOf AVVeVVPeQW MaQLNLQ ScaOe

SeOf AVVeVVPeQW MaQLNLQ VcaOe (SAM) LV a VXbMecWLYe, fLYe-SRLQWeU VcaOe ZhLch PeaVXUeV Whe

SaUWLcLSaQWV¶ e[SeULeQced ePRWLRQV baVed RQ Whe CLUcXPSOe[ PRdeO Rf affecW. SAM LV a SLcWRULaO,

QRQ-YeUbaO VcaOe WhaW haV WhUee OeYeOV ZhLch PeaVXUeV YaOeQce, aURXVaO aQd dRPLQaQce (BUadOe\ &

LaQg, 1994). VaOeQce LV heUe UegaUded aV aQ ePRWLRQ Rf eLWheU SRVLWLYe RU QegaWLYe QaWXUe, aURXVaO

LV accRXQWLQg fRU caOPQeVV RU e[cLWePeQW/dLVWUeVV, aQd dRPLQaQce deVcULbeV Whe feeOLQg Rf beLQg LQ

cRQWURO Rf Whe VLWXaWLRQ. The SAM VcaOe LV PeaQW WR UefOecW Whe Ldea Rf ePRWLRQV aV hXPaQV

WhePVeOYeV NQRZ WheP aQd LWV SXUSRVe LV WR OeW Whe VXbMecWV aVVeVV WheLU RZQ ePRWLRQV dLUecWO\ LQ

UegaUd WR a VWLPXOXV RU aQ eYeQW.
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3 Earlier research

The e[SeULPeQW SUeVeQWed LQ WhLV SaSeU LV PaLQO\ LQVSLUed b\ Whe VWXd\ Rf DOT cRQdXcWed b\

VLYaV eW aO. (2018) aV ZeOO aV RQe b\ AQdULeOOa eW aO. (2020) ZheUe Whe fRUPeU VhRZV VLgQLfLcaQW

DOE RQ a YLVXRVSaWLaO PePRU\ WaVN aQd Whe OaWWeU hRZ URbRW feedbacN caQ be LPSOePeQWed fRU

dePeQWLa PePRU\ WUaLQLQg. ThLV VWXd\ aLPV WR adRSW a QeZ aSSURach cRPbLQLQg VRPe eOePeQWV

fURP bRWh VWXdLeV aQd WhXV UeYeaO hRZ DOE aQd URbRW feedbacN WRgeWheU affecW OeaUQLQg aQd

PePRU\ gaPe SeUfRUPaQce. IQ WhLV VecWLRQ, aPRQg RWheUV, WheVe WZR SaSeUV aUe dLVcXVVed LQ deWaLO

ZLWh UegaUd WR WhLV e[SeULPeQW.

3.1 Differential Outcome Effect

MLOOeU eW aO. (2002) e[aPLQed ZheWheU DOE (DLffeUeQWLaO OXWcRPe EffecW: Whe effecW RQ OeaUQLQg

LQdXced b\ Whe DOT SURcedXUe baVed RQ SaLULQg ceUWaLQ VWLPXOL ZLWh ceUWaLQ UeZaUdV) LV UeVWULcWed

WR QRQ-hXPaQ aQLPaOV, RU Lf LW LV aSSOLcabOe WR hXPaQV aV ZeOO. The\ e[aPLQed VWXdeQWV aged

beWZeeQ 18 aQd 38 \eaUV LQ aQ e[SeULPeQW ZLWh dLVcULPLQaWLRQ WaVN Rf 15 MaSaQeVe NaQML chaUacWeUV

ZLWh abVWUacW PeaQLQgV, VR WhaW Whe\ ZRXOd be haUdeU WR fRUP a YLVXaO aVVRcLaWLRQ ZLWh. The

chaUacWeUV had LPPedLaWe ³UeZaUdV´ LQ Whe fRUP Rf SLcWXUeV LQ YLbUaQW cRORXUV aQd RXWcRPeV ZLWh

e[WeUQaO SUL]eV Rf aQ aYeUage YaOXe Rf $10. FRU Whe SaUWLcLSaQWV LQ Whe dLffeUeQWLaO cRQdLWLRQ, each

NaQML chaUacWeU ZaV aOZa\V aVVRcLaWed ZLWh a VSecLfLc SLcWXUe aQd SUL]e. The UeVXOWV Rf Whe VWXd\

VhRZed a VLgQLfLcaQW LPSURYePeQW LQ SeUfRUPaQce RQ Whe WaVN ZLWh Whe DOT, Whe SaUWLcLSaQWV LQ

Whe dLffeUeQWLaO cRQdLWLRQ had a hLgheU PeaQ SeUceQWage Rf cRUUecW aQVZeUV LQ cRPSaULVRQ WR Whe

cRQWURO gURXS aQd SaUWLaOO\ dLffeUeQWLaO cRQdLWLRQ (MLOOeU eW aO., 2002). TheVe fLQdLQgV LQdLcaWe WhaW
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DOE LV SUeVeQW LQ hXPaQ adXOWV aQd WhaW DOT LV a SRWeQWLaOO\ effecWLYe LQWeUYeQWLRQ WR LPSURYe

OeaUQLQg fRU adXOWV.

The WaVN XVed LQ RXU e[SeULPeQW LV LQVSLUed b\ a SUeYLRXV VWXd\ b\ VLYaV eW aO. (2018). TheLU VWXd\

VhRZed VLgQLfLcaQW SeUfRUPaQce LPSURYePeQW Rf XVLQg DOT RQ a YLVXRVSaWLaO ZRUNLQg PePRU\

WaVN LQ SaWLeQWV ZLWh AD aQd MCI. The\ WeVWed WhUee dLffeUeQW gURXSV Rf SaUWLcLSaQWV, RQe ZLWh AD,

RQe ZLWh MCI aQd RQe cRQWURO gURXS, SeUfRUPLQg a YLVXRVSaWLaO ZRUNLQg PePRU\ WaVN eLWheU XQdeU

a DOT cRQdLWLRQ RU XQdeU a NDOT cRQdLWLRQ. PeUfRUPaQce Rf Whe WaVN XQdeU Whe DOT cRQdLWLRQ

ZaV LPSURYed fRU aOO WhUee gURXSV. AD SaWLeQWV SeUfRUPed VLgQLfLcaQWO\ abRYe chaQce LQ Whe OaVW

bORcN Rf WULaOV RQO\ XQdeU Whe DOT cRQdLWLRQ bXW had RYeUaOO ZRUVe SeUfRUPaQce UeOaWLYe WR Whe

RWheU gURXSV aV e[SecWed dXe WR VLgQLfLcaQWO\ LPSaLUed VSaWLaO PePRU\. HRZeYeU, WhLV VWXd\

LQcOXded AD SaWLeQWV ZLWh PRUe adYaQced cRgQLWLYe deWeULRUaWLRQ WhaQ SUeYLRXV VWXdLeV Rf DOE RQ

AD, fXUWheU VXggeVWLQg LWV aSSOLcabLOLW\ aQd LPSOLcaWLRQV fRU SaWLeQWV RQ a ZLdeU UaQge fURP PLOd

WR VeYeUe dePeQWLa.

3.1.1 DLffeUeQWLaO OXWcRPe EffecW aQd VRcLaO cRQWe[WV
RLWWPR eW aO. (2020) e[aPLQed dLffeUeQWLaO RXWcRPeV WUaLQLQg LQ VRcLaO VeWWLQgV aQd cRQdXcWed WZR

e[SeULPeQWV UeOaWed WR DOT aQd WUaQVfeU Rf NQRZOedge (hRZ NQRZOedge LV WUaQVfeUUed fURP

OeaUQLQg WR WeVW ShaVe). The fLUVW e[SeULPeQW VXSSRUWed Whe h\SRWheVLV WhaW a WUaQVfeU Rf NQRZOedge,

Whe RccXUUeQce Rf UeVSRQVe VeOecWLRQ gLYeQ QRYeO VWLPXOXV-UeVSRQVe SaLULQgV YLa LPSOLcLW LQfeUeQce

(RLWWPR eW aO., 2020), ZaV RbWaLQed ZheQ XVLQg DOT LQ a VRcLaO VeWWLQg. The VecRQd e[SeULPeQW'V

SXUSRVe ZaV WR caOcXOaWe Whe effecW Rf Whe cRQWUaVW beWZeeQ dLffeUeQWLaO aQd QRQ-dLffeUeQWLaO

RXWcRPeV ZLWhLQ Whe VRcLaO VeWWLQg. The UeVXOWV fURP e[SeULPeQW WZR aOVR LQdLcaWed WhaW a WUaQVfeU

Rf NQRZOedge RccXUUed ZLWhLQ Whe VRcLaO VeWWLQg. The PaLQ fLQdLQgV Rf RLWWPR eW aO. 'V (2020)

e[SeULPeQWV VXggeVWed WheUe aUe beQefLcLaO LPSOLcaWLRQV Rf DOT LQ a VRcLaO VeWWLQg (eVSecLaOO\ LQ

Whe cRQWe[W Rf WUaQVfeU Rf NQRZOedge), ZhLch LV aOVR UeOeYaQW WR Whe VWXd\ SUeVeQWed LQ WhLV SaSeU

WhaW aOVR haV a VRcLaO dLPeQVLRQ LQ WeUPV Rf Whe URbRW feedbacN. If a VLPLOaU beQefLcLaO effecW caQ be

RbVeUYed LW PLghW be a caXVe Rf Whe VaPe WheRU\ XQdeUO\LQg Whe fLQdLQgV LQ RLWWPRV¶ VWXd\, QaPeO\

Whe AVVRcLaWLYe TZR-PURceVV WheRU\ (ATP) ± Whe VXggeVWed e[LVWeQce Rf a PePRU\ URXWe ZheUe

SURVSecWLYe RXWcRPe e[SecWaWLRQV caQ LQfOXeQce OeaUQLQg aQd decLVLRQ PaNLQg (LRZe & BLOOLQg,
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2017). The UeVXOWV Rf Whe e[SeULPeQWV VXggeVWed WhaW ATP cRXOd aSSO\ LQ VRcLaO cRQWe[WV, hRZeYeU

Whe PaLQ fLQdLQg ZaV WhaW Whe WUaQVfeU Rf cRQWURO effecW caQ aSSO\ LQ VRcLaO cRQWe[WV.

3.2 Digitalised gamified memory tasks

ThLV VWXd\ cRQWaLQV a gaPLfLed YeUVLRQ Rf a YLVXRVSaWLaO WaVN (Vee VecWLRQ 4.2.1 TTT BRRVWeU

GaPe). GaPLfLcaWLRQ LV defLQed aV ³Whe XVe Rf gaPe deVLgQ eOePeQWV LQ QRQ-gaPe cRQWe[WV´

(DeWeUdLQg, 2011) aQd LV PaLQO\ XVed becaXVe Rf LWV SRWeQWLaO WR facLOLWaWe OeaUQLQg ZLWh

PRWLYaWLRQaO SRZeU aQd aV aQ eQgagLQg aQd eQWeUWaLQLQg eOePeQW. MePRU\ WUaLQLQg LQ Whe fRUP Rf

YLVXRVSaWLaO WaVNV LV a W\Se Rf cRgQLWLYe LQWeUYeQWLRQ WUeaWPeQW fRU SeUVRQV ZLWh UeOaWed PePRU\

ORVV, aQd b\ LQcOXdLQg gaPe feaWXUeV LW caQ aOORZ fRU PRUe eQgagLQg aQd eQWeUWaLQLQg cOLQLcaO

LQWeUYeQWLRQV ZLWh ORQg-WeUP cRgQLWLYe aQd PePRU\ adYaQWageV. SaLOeU eW aO. (2020) ePShaVLVe WhaW

gaPLfLcaWLRQ LV W\SLcaOO\ XVed WR eQhaQce UaWheU WhaQ UeSOace PePRU\ WUaLQLQg aQd WhaW gRRd

LQVWUXcWLRQaO cRQWeQW LV a PXVW fRU VXcceVVfXO gaPLfLcaWLRQ. AddLWLRQaOO\, Whe aXWhRUV PeaQ WhaW

gaPLfLcaWLRQ LV PeaQW WR haYe a dLUecW LPSacW RQ OeaUQLQg SUacWLceV aQd aWWLWXdeV aQd a beQefLcLaO,

LQdLUecW effecW RQ OeaUQLQg RXWcRPeV.

AOYeV eW aO. (2018) dLVcXVV Whe UeOeYaQce Rf fORZ, Whe feeOLQg Rf deeS eQgagePeQW aV a VWaWe, LQ a

gaPeSOa\ adaSWaWLRQ. CVLNV]eQWPLhaO\L (1997) defLQed WZR cRQdLWLRQV fRU fORZ: ³PeUceLYed

chaOOeQgeV Rf acWLYLW\ PaWch aQd VWUeWch Whe caSabLOLWLeV Rf Whe LQdLYLdXaO, WhXV SURdXcLQg aQ

e[SeULeQce Rf beLQg fXOO\ eQgaged LQ Whe WaVN aQd acWLQg RQ Whe heLghW Rf WheLU VNLOOV.´; aQd ³Whe

gRaOV Rf Whe acWLYLW\ aUe e[SOLcLW aQd UeachabOe, aQd RQe UeceLYed LQVWaQW fRU WheLU feedbacN fRU WheLU

SURgUeVV RQ Whe acWLYLW\´. TheUefRUe, a VWaWe Rf fORZ PLghW SURYe beQefLcLaO fRU gaPLfLed WaVNV dXe

WR LQcUeaVed eQMR\PeQW Rf VaLd acWLYLW\ aQd haV beeQ VWXdLed aV a PeaQV WR e[SOaLQ aQd LPSURYe

XVeU eQgagePeQW. B\ VWXd\LQg fORZ fXUWheU, AOYeV eW aO. (2018) fRXQd WhaW XVeUV haYe a hLgheU VeOf

SeUceLYed fORZ VWaWe aQd VcRUeV ZheQ SOa\LQg a gaPe WhaW adaSWV WR WheLU SeUfRUPaQce cRPSaUed WR

adaSWLQg WR WheLU PeQWaO VWaWe. The VXbMecWV SOa\LQg afWeU Whe SeUfRUPaQce baVed adaSWabOe SURWRcRO

aOVR had gUeaWeU RYeUaOO VcRUeV. TheLU fLQdLQgV VhRZ Whe beQefLWV Rf PeaVXULQg eQgagePeQW (LQ Whe

fRUP Rf fORZ) fRU gaPLfLed WaVNV aQd hRZ LW LV UeOaWed WR SeUfRUPaQce, PRWLYaWLQg PeaVXULQg fORZ

aV a XQLW Rf eQgagePeQW aQd aV aQ LQdLcaWRU Rf OeaUQLQg aQd SeUfRUPaQce LQ gaPLfLed WaVNV.
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AQdULeOOa eW aO. (2020) aOVR PaNe XVe Rf a gaPLfLed PePRU\ WaVN SaLUed ZLWh URbRW LQWeUacWLRQ aQd

VhRZ SURPLVLQg UeVXOWV Rf Whe LPSOePeQWaWLRQ aQd cRPbLQaWLRQ Rf Whe WZR fRU SaWLeQWV ZLWh

dePeQWLa. The WaVN Whe\ XVe LV a VRUWLQg WRNeV e[eUcLVe, deVLgQed fRU SeRSOe ZLWh AO]heLPeUV aQd

dLffeUeQW VWageV Rf MCI aQd WUaLQV bRWh PePRU\, aWWeQWLRQ aQd PRWRU fXQcWLRQV. The VWXd\

addUeVVed LQ WhLV SaSeU LV LQVSLUed b\ AQdULeOOa eW aO.'V (2020) e[SeULPeQW, bXW dReV hRZeYeU

cRQWULbXWe ZLWh a dLffeUeQW aSSURach aQd PeWhRdRORg\ b\ addLQg Whe DOT aV ZeOO aV a dLffeUeQW

gaPe WhaW LV dLgLWaOLVed aQd a PRUe VRcLaOO\ cRPSOe[ URbRW.

3.3 Assistive robot feedback

SeYeUaO VWXdLeV haYe VRXghW WR addUeVV Whe effecW Rf feedbacN aQd OeaUQLQg aQd heUe Ze accRXQW fRU

hRZ LW UeOaWeV WR VRcLaO aVVLVWLYe HRI.

3.3.1 FeedbacN aQd LeaUQLQg
FeedbacN aQd OeaUQLQg haV beeQ SURYeQ WR be cORVeO\ cRQQecWed aQd WheUe haYe beeQ dLffeUeQW

Za\V WR LPSOePeQW feedbacN WR LPSURYe OeaUQLQg fRU dLffeUeQW WaVNV. LXfW (2013) UeYLeZed hRZ

feedbacN cRUUeOaWed ZLWh OeaUQLQg LQ dLffeUeQW QeXUaO cLUcXLWV aQd deVcULbed WZR W\SeV Rf OeaUQLQg

SURceVVeV, eUURU-baVed OeaUQLQg aQd UeLQfRUcePeQW OeaUQLQg. The fRUPeU UefeUV WR OeaUQLQg YLa

fLQeO\ gUaded eUURU LQfRUPaWLRQ, ZhLch gLYeV feedbacN WhaW LQfRUPV aQ eUURU ZaV Pade aQd Whe

SaUWLcXOaU Za\ Whe eUURU ZaV Pade, ZhLOe Whe OaWWeU UefeUV WR OeaUQLQg affecWed b\ caWegRULcaO

UeZaUdV aQd SXQLVhPeQWV deSeQdLQg RQ a cRUUecW RU LQcRUUecW UeVSRQVe. EUURU-baVed OeaUQLQg aQd

UeLQfRUcePeQW OeaUQLQg haYe dLffeUeQceV LQ UegaUd WR Whe OeaUQLQg SURceVVeV WhaW aUe LQYROYed, Whe

fRUPeU haYe beeQ aVVRcLaWed ZLWh LPSOLcLW/SURcedXUaO OeaUQLQg SURceVVeV, aQd Whe OaWWeU ZLWh

h\SRWheVLV-WeVWLQg SURceVVeV.

The gaPLfLed PePRU\ WaVN XVed LQ WhLV VWXd\ LV baVed RQ UeLQfRUcePeQW OeaUQLQg, ZheUe Whe

VXbMecWV OeaUQ ZhLch acWLRQV WR WaNe WR Pa[LPLVe Whe RXWcRPe (UeZaUd) YLa WULaO aQd eUURU. LXfW

(2013) fXUWheU deVcULbeV hRZ LQ UeLQfRUcePeQW OeaUQLQg Whe RXWSXW LV caWegRULcaO, PeaQLQg eLWheU a

cRUUecW aQVZeU LV UeZaUded, RU aQ LQcRUUecW UeVSRQVe LV SXQLVhed (RU LQ WhLV VWXd\ OeadLQg WR aQ

abVeQce Rf UeZaUdV). SeYeUaO QeXURORgLcaO VWXdLeV aOVR VXSSRUW Whe LPSRUWaQce Rf feedbacN WR
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LPSURYe OeaUQLQg aQd haYe cOaULfLed QeXURORgLcaO XQdeUSLQQLQgV Rf Whe effecW Rf feedbacN RQ

e[hLbLWLQg OeaUQLQg (LXfW, 2013).

A VWXd\ b\ VROOPe\eU eW aO. (2005) cRQcOXded VLgQLfLcaQW SURbOeP-VROYLQg WaVN SeUfRUPaQce

LPSURYePeQW b\ feedbacN aQd aOVR hRZ feedbacN LQcUeaVed VWUaWeg\ V\VWePaWLcLW\. The

SeUfRUPaQce ZaV QRW RQO\ LPSURYed LQ WeUPV Rf fLQaO RXWcRPe, bXW aOVR WhURXghRXW Whe eQWLUe

OeaUQLQg SURceVV. The feedbacN VROeO\ cRQVLVWed Rf NQRZOedge Rf hRZ Whe\ SeUfRUPed aQd WR ZhaW

e[WeQW Whe\ UeVSRQded cRUUecWO\. The feedbacN hRZeYeU ZaV QRW deOLYeUed WhURXgh Whe LQWeUface Rf

a URbRW aQd WheUefRUe RXU VWXd\ VeeNV WR LQYeVWLgaWe Whe cRPbLQaWLRQ Rf Whe gaPe feedbacN aQd Whe

URbRW feedbacN RQ OeaUQLQg, aV a YeU\ dLffeUeQW W\Se Rf feedbacN deOLYeU\. BaVed RQ Whe VRcLaO

SUeVeQce WheRU\, Whe SUeVeQce Rf Whe URbRW PLghW e[hLbLW Whe effecW Rf Whe feedbacN eYeQ PRUe.

MRVW LPSRUWaQWO\, Whe LPSOePeQWaWLRQ Rf DOT LQ Whe UeZaUd V\VWeP Rf Whe gaPe LV aOVR RQe Rf Whe

PRVW UeOeYaQW cRPSRQeQWV Rf Whe feedbacN LQ WhLV VWXd\.

3.3.2 HXPaQ-RRbRW IQWeUacWLRQ aVVLVWaQce
AQdULeOOa eW aO. (2020) deVcULbe a fUaPeZRUN aQd SUeVeQW a cRgQLWLYe URbRWLc V\VWeP deVLgQed WR

aVVLVW SaWLeQWV ZLWh PLOd dePeQWLa dXULQg bUaLQ-WUaLQLQg VeVVLRQV ZLWh VXcceVVfXO UeVXOWV LPSURYLQg

OeaUQLQg LQ a cOLQLcaO gaPLfLed WaVN. BeVLdeV VhRZLQg Whe LPSRUWaQce WR PePRU\ WUaLQLQg aQd hRZ

LW caQ be LPSURYed ZLWh hXPaQ-URbRW LQWeUacWLRQ Whe aXWhRUV aOVR ePShaVLVe Whe Qeed fRU fXUWheU

UeVeaUch RQ LPSURYLQg eQgagePeQW. AVVLVWLYe URbRWV haYe gUeaW SRWeQWLaO aV eQgagLQg WRROV fRU

XVeU LQWeUacWLRQ LQ Whe cRQWe[W Rf SURYLdLQg bRWh hRPe aQd RQ-VLWe WUeaWPeQWV ZLWh VafeU,

QRQ-cRQWagLRXV LQWeUacWLRQ aQd VSecLaOLVed aVVLVWaQce. SLPLOaU aWWePSWV haYe beeQ Pade WR XVe

URbRWLc aVVLVWaQce WR LQcUeaVe Whe effecWLYeQeVV Rf VRcLaO aQd cRgQLWLYe WUaLQLQg LQWeUYeQWLRQV aQd

PaNe WheP PRUe acceVVLbOe LQ Whe cRQWe[W Rf SeRSOe ZLWh dePeQWLa. A VWXd\ b\ ChaQ eW aO. (2010)

YaOLdaWed WhaW Whe LPSOePeQWaWLRQ Rf a VRcLaOO\ aVVLVWLYe URbRW ZaV effecWLYe fRU eQgagLQg SeRSOe LQ

a gaPe aQd VSecLfLcaOO\ feedbacN LQ Whe fRUP Rf LQVWUXcWLYe aQd heOS ShUaVeV heOSed LQcUeaVe Whe

SaUWLcLSaQWV¶ aWWeQWLRQ WR Whe gaPe.

BeVLdeV cRQWULbXWLQg WR LPSURYed eQgagePeQW aQd LQ WXUQ OeaUQLQg, hXPaQRLd URbRWV haYe SURYeQ

WR haYe gUeaW SRWeQWLaO aV aVVLVWLYe URbRWV LQ dePeQWLa caUe fRU PaQ\ RWheU UeaVRQV. O]dePLU eW aO.

(2021) VXggeVW VeYeUaO SURPLVLQg Za\V VRcLaO aVVLVWLYe URbRWV caQ bULQg YaOXe baVed RQ SUeYLRXV
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LPSOePeQWaWLRQV, VXch aV VRcLaO aQd ePRWLRQaO VXSSRUW, cRPSaQLRQVhLS aQd SUacWLcaO heOS aQd

aVVLVWaQce. The\ aOVR LdeQWLf\ Whe OLPLWaWLRQV LQ e[LVWLQg WechQRORgLeV aQd LPSOePeQWaWLRQV LQ

UegaUd WR Whe hLgh cRVW Rf Whe haUdZaUe aQd SURWRW\SeV Rf Whe ePbRdLed URbRWV.
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4 Method

The e[SeULPeQW fROORZed a 2[2 LQdeSeQdeQW gURXSV e[SeULPeQWaO deVLgQ (ZLWh SDK cRQdLWLRQ aQd

cRQWURO cRQdLWLRQ) ZLWh Whe fROORZLQg fRXU cRQdLWLRQV: 1) DLffeUeQWLaO OXWcRPe TUaLQLQg (DOT), 2)

NRQ-DLffeUeQWLaO OXWcRPe TUaLQLQg (NDOT), 3) DLffeUeQWLaO OXWcRPe TUaLQLQg ZLWh SLPXOaWed

RRbRW (DOT SDK) aQd 4) NRQ-DLffeUeQWLaO OXWcRPe TUaLQLQg ZLWh SLPXOaWed RRbRW (NDOT

SDK). The 2 LQdeSeQdeQW YaULabOeV had 2 OeYeOV each: IV1: DOT YV NDOT aQd IV2: SDK YV

CRQWURO. IW ZaV caUULed RXW ZLWh aQ e[SecWed OaUge effecW VL]e, ZLWh UeVSecW WR McCRUPacNV¶ eW aO.

(2019) PeWa-aQaO\VLV (SRZeU = 0.8), (SRZeU caOcXOaWLRQ ZLWh MRUePRZeU 6.0.4) (CaPSbeOO &

ThRPSVRQ, 2012): N = 52 SaUWLcLSaQWV, dLYLded LQ 4 gURXSV (Q = 13). The PedLXP Whe e[SeULPeQW

ZaV SeUfRUPed RQ ZaV a YLVXRVSaWLaO gaPLfLed  PePRU\ WaVN ZLWh WhUee dLffLcXOW\ OeYeOV (24 WULaOV

RQ each OeYeO) fROORZLQg Whe RUdeU: eaV\ WR PedLXP WR haUd. The RUdeU Rf Whe chaOOeQge OeYeO ZaV

QRW cRQVLdeUed aQ LQdeSeQdeQW YaULabOe dXe WR Whe SXUSRVe Rf UeWaLQLQg a QaWXUaO VeWXS WR LQcUeaVe

dLffLcXOW\ RYeU WULaOV. See VecWLRQ 4.2.1 TTT Booster Game

DeSeQdeQW YaULabOeV ZeUe TXaQWLWaWLYeO\ PeaVXUed aQd aQaO\Ved baVed RQ daWa gaWheUed fURP Whe

gaPe (accXUac\: SeUceQWage Rf cRUUecW UeVSRQVeV), WRgeWheU ZLWh eYaOXaWLRQ baVed RQ PeaVXUeV Rf

VRcLaO eQgagePeQW, VXch aV SeOf AVVeVVPeQW MaQLNLQ ScaOe (SAM). FXUWheUPRUe, VaPSOeV ZeUe

dUaZQ fURP Whe LMRWLRQV daWa WR XQdeUVWaQd SRWeQWLaO PePRUL]aWLRQ WechQLTXeV aQd cRgQLWLYe

VWUaWegLeV baVed RQ e\e WUacNLQg.

4.1 Participants

The SaUWLcLSaQWV ZeUe 60 \RXQg adXOWV LQ Whe age beWZeeQ 19-35 (M = 23.93, SD = 2.82), ZheUe 33

SaUWLcLSaQWV ZeUe ZRPeQ aQd 27 ZeUe PeQ. A WRWaO Rf eLghW SaUWLcLSaQWV ZeUe UePRYed fURP Whe

daWa aQaO\VLV, RQe dXe WR PLVVLQg a bUeaN, aQd VeYeQ fRU beLQg LQ Whe FXUhaW cRQdLWLRQ befRUe LW ZaV

dLVcRQWLQXed. The cULWeULa fRU LQcOXVLRQ Rf SaUWLcLSaQWV ZaV heaOWh\ (QRW beLQg a SeUVRQ ZLWh
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PePRU\ ORVV) LQdLYLdXaOV beWZeeQ Whe age Rf 19-35. The VaPSOLQg SURcedXUe ZaV PaLQO\ caUULed

RXW aW Whe XQLYeUVLW\ caPSXV Rf UQLYeUVLW\ Rf GRWheQbXUg. CRQVeQW WR SaUWLcLSaWLRQ LQ Whe

e[SeULPeQW ZaV eQVXUed WhURXgh aQ LQfRUPed cRQVeQW fRUP (Vee ASSeQdL[ 2). TR eQVXUe LQWeUQaO

YaOLdLW\, Whe SRWeQWLaO dLffeUeQce LQ SaUWLcLSaQWV' bacNgURXQd ZaV accRXQWed fRU b\ UaQdRPLVLQg Whe

cRQdLWLRQ gURXSV WR eQVXUe OLPLWLQg Whe SRWeQWLaO LQfOXeQce Rf LQdLYLdXaO dLffeUeQceV. AddLWLRQaOO\,

Whe DOT aQd NDOT cRQdLWLRQV LQ Whe gaPe ZeUe UaQdRPLVed fRU each SaUWLcLSaQW aV ZeOO.  AOO Whe

SaUWLcLSaQWV ZeUe cRPSeQVaWed ZLWh a cLQePa WLcNeW.

4.2 Equipment

Each SaUWLcLSaQW ZaV UeTXLUed WR caUU\ RXW Whe e[SeULPeQW RQ a OaSWRS (HP OPeQ) ZLWh a Ne\bRaUd

aQd a bOXeWRRWh cRQQecWed PRXVe. TR caOLbUaWe Whe SaUWLcLSaQWV' e\e PRYePeQWV aQd facLaO

e[SUeVVLRQV, SPaUW E\e¶V AI-X e\e WUacNeU ZaV XVed, cRQQecWed WR LMRWLRQV SRfWZaUe (YeUVLRQ

9.2) ZhLch LQcOXdeV FacLaO E[SUeVVLRQ AQaO\VLV (FEA), baVed RQ LQWeU aOLa AffecWLYa AFFDEX

face UeadeU cRde (LMRWLRQV, Q.d.). FXUWheUPRUe, Whe UQLW\ BRRVWeU TTT gaPe ZaV XVed LQ Whe

e[SeULPeQW, ZhLch LV deVcULbed LQ section 4.2.1.

DeSeQdLQg RQ Whe dLffeUeQW cRQdLWLRQV, Whe VeW-XS had VOLghW dLffeUeQceV (See FLg. 1). FRU Whe

cRQWURO gURXS, VROeO\ Whe eTXLSPeQW PeQWLRQed abRYe ZaV LQcOXded. IQ Whe VLPXOaWed URbRW

cRQdLWLRQ, Whe FXUhaW SDK ZaV VhRZQ RQ a PRQLWRU, VWaQdLQg RQ a SedeVWaO behLQd Whe OaSWRS.

SSeaNeUV ZeUe cRQQecWed WR Whe PRQLWRU WR eQhaQce Whe VLPXOaWed URbRW¶V YRLce.

FigXre 1

VisXalisation of the set Xp. See Appendi[ 3 for photographs.
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4.2.1 TTT BRRVWeU GaPe

The gaPe XVed LQ WhLV e[SeULPeQW LV a gaPLfLed YeUVLRQ Rf Whe VLYaV eW aO. (2018) WaVN adaSWed WR

accRXQW fRU Whe dLffeUeQW cRgQLWLYe caSabLOLWLeV Rf Whe SaUWLcLSaQWV LQYROYed LQ Whe e[SeULPeQW. The

gaPe VSace cRQVLVWed Rf ceOOV LQ a 5[5 gULd ZheUe VWLPXOL, YLVXaOLVed aV ZhLWe dRWV, aSSeaUed LQ a

VeTXeQce (OeYeO 1: 4 ZhLWe ceOOV, OeYeO 2: 6 ZhLWe ceOOV, aQd OeYeO 3: 8 ZhLWe ceOOV). AV dLVWUacWRUV,

Ued aQd bOXe dRWV WhaW aUe QRW a SaUW Rf Whe VWLPXOL VeTXeQce UaQdRPO\ aSSeaUed WR Wa[ ZRUNLQg

PePRU\ aQd WR gXaUd agaLQVW SRWeQWLaO ceLOLQg effecWV LQ OeaUQLQg. TR LQcUeaVe Whe cRgQLWLYe

ZRUNORad fXUWheU, Whe SaUWLcLSaQW had WR SUeVV Whe VSacebaU RQ Whe Ne\bRaUd ZheQeYeU a bOXe dRW

aSSeaUed. WheQ Whe VWLPXOL VeTXeQce ZaV RYeU, Whe SaUWLcLSaQW chRVe beWZeeQ 2-4 (deSeQdLQg RQ

Whe chaOOeQge OeYeO) UeVSRQVe RSWLRQV. The cRUUecW UeVSRQVe ZaV Whe ceOO WhaW a ZhLWe dRW ZaV

SUeVeQWed RQ dXULQg Whe cXUUeQW WULaO¶V VWLPXOL VeTXeQce. The chaQce Rf gXeVVLQg Whe cRUUecW

UeVSRQVe RSWLRQ ZaV RQ OeYeO 1: 50%, OeYeO 2: 33%, aQd OeYeO 3: 25%. FRU each cRUUecW aQVZeU, Whe

SaUWLcLSaQW gRW aQ RXWcRPe (UeZaUd), ZhLch ZaV eLWheU 1 cRLQ, 3 cRLQV, 1 dLaPRQd RU 3 dLaPRQdV.

The WLPe beWZeeQ ZheQ Whe VWLPXOL aSSeaUed aQd Whe UeVSRQVe RSWLRQV ZeUe VhRZQ dLffeUed

beWZeeQ 4 aQd 12 VecRQdV, aQd ZaV UaQdRPLVed fRU aOO WULaOV, WhLV ZaV OaWeU VWRUed aV a YaULabOe LQ

Whe daWa aQd LV heUeafWeU UefeUUed WR aV ISI (LQWeU VWLPXOXV LQWeUYaO). IQ Whe begLQQLQg Rf each WULaO,

Whe ceOO LQ Whe PLddOe bOLQNed LQ a bULghW gUeeQ cRORXU WR aWWUacW aWWeQWLRQ.

The gaPe had WZR dLffeUeQW VeWWLQgV, Whe NDOT cRQdLWLRQ aQd Whe DOT cRQdLWLRQ. DXULQg Whe

NDOT cRQdLWLRQ, Whe RXWcRPeV (UeZaUdV) LQ Whe gaPe ZeUe UaQdRPLVed fRU each cRUUecW aQVZeU

aQd QRW bRXQd WR LWV YLVXRVSaWLaO SRVLWLRQ LQ Whe gULdVSace. DXULQg Whe DOT cRQdLWLRQ, Whe

RXWcRPe ZaV cRQVLVWeQW ZLWh a VSecLfLc VWLPXOXV SRVLWLRQ UaQdRPO\ aVVLgQed dXULQg Whe VWaUW Rf

eYeU\ cRQdLWLRQ, WhXV UeLQfRUcLQg Whe SRVLWLRQ LQ Whe gULdVSace ZLWh a XQLTXe RXWcRPe (Vee 2.1

DLffeUeQWLaO OXWcRPe TheRU\). The UeVSRQVe RSWLRQV XVed ZeUe aOZa\V SUeYLRXVO\ UeLQfRUced

SRVLWLRQV LQ Whe gULd WR UeLQfRUce Whe SRWeQWLaO DOE. HRZeYeU, dXULQg OeYeO 1 aQd 2 ZheQ WheUe

ZeUe feZeU WhaQ 4 UeVSRQVe RSWLRQV, Whe fRUPaWLRQV ZeUe UaQdRPO\ chRVeQ fURP Whe fRXU

UeLQfRUced SRVLWLRQV afWeU each WULaO.

See ASSeQdL[ 4 fRU a YLVXaOLVaWLRQ Rf Whe TTT BRRVWeU GaPe.
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4.2.2 FXUhaW

The ePbRdLed FXUhaW URbRW LV a hLghO\ cRPSOe[ VRcLaOO\ LQWeUacWLYe hXPaQRLd URbRW head

deYeORSed aW RR\aO IQVWLWXWe Rf TechQRORg\ LQ SWRcNhROP (KTH). IWV face caQ be chaQged LQWR 22

aQLPaWed cXVWRPLVed YeUVLRQV YLa a SURMecWRU LQVLde Whe FXUhaW head WhaW b\ 3D aQLPaWLRQ SURMecWV

a WUaQVOXceQW PaVN WR cUeaWe a face WhaW feeOV aOLYe aV Sh\VLcaOO\ SUeVeQW. (FXUhaW RRbRWLcV, 2021).

The VSeech caQ be cXVWRPLVed WR PRUe WhaQ 200 YRLceV LQ RYeU 35 OaQgXageV aQd YaU\LQg UegLRQaO

dLaOecWV. IQ Whe e[SeULPeQW Whe MattheZ - Ama]on Poll\ YRLce ZaV XVed ZLWh SURgUaPPed

cXVWRPL]aWLRQV WR eQhaQce Whe SLWch. WheQ SaUWLcLSaQWV gRW a hLgh UeZaUd LQ Whe gaPe, Whe

YRcaOLVaWLRQ ZaV LQ a hLgheU SLWch aQd PeORdLRXV, ZhLOe geWWLQg aQ LQcRUUecW aQVZeU Whe

YRcaOLVaWLRQ ZaV LQ a ORZeU SLWch aQd PRQRWRQe.

The VLPXOaWed YeUVLRQ Rf Whe FXUhaW URbRW (The FXUhaW SDK) LV SURgUaPPed aQd cRQWUROOed YLa Whe

aSSOLcaWLRQ FXUhaW SDK DeVNWRS LaXQcheU. IW LV caSabOe Rf Whe VaPe ZLde UaQge Rf facLaO

e[SUeVVLRQ, head PRYePeQWV aQd YRLceV aV Whe ePbRdLed YeUVLRQ bXW LV dLVSOa\ed YLa a 2D VcUeeQ.

FRU each VSecLfLc UeZaUd, WheUe ZeUe WhUee SRVVLbOe feedbacN ShUaVeV fRU FXUhaW WR YRcaOLVe, aQd

Whe\ ZeUe UaQdRPLVed LQ each WULaO. The feedbacN ZaV Whe VaPe fRU bRWh Whe DOT aQd NDOT

cRQdLWLRQ, LWV SXUSRVe ZaV WR eQhaQce ZhLch UeZaUd ZaV gLYeQ, aQd LQ WXUQ eQhaQce Whe DOE ZheQ

SUeVeQW.

4.3 Pilot study
A SLORW VWXd\ ZLWh VL[ SaUWLcLSaQWV ZaV cRQdXcWed befRUe Whe fLUVW LQLWLaOL]aWLRQ Rf Whe e[SeULPeQW.

The SaUWLcLSaQWV LQ Whe SLORW VWXd\ SURYLded feedbacN RQ hRZ WR LPSURYe Whe e[SeULPeQW aQd

aOORZed fRU eYaOXaWLRQ aQd LPSURYePeQW. The e[SeULPeQW ZaV UeYLVed afWeU Whe SLORW VWXd\ b\

addLQg a WULaO OeYeO, a defLQLWLRQ Rf hRZ PaQ\ WULaOV each OeYeO cRQVLVWed Rf, aQd a UaQdRPLVed

aPRXQW Rf bOXe ceOOV VhRZLQg dXULQg each WULaO (YaU\LQg fURP 2-4). MRUe daWa ZaV aOVR cROOecWed LQ

UegaUd WR Whe DOT/NDOT cRQdLWLRQ fRU VeSaUaWLRQ SXUSRVeV.
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4.4 Procedure

The LQWeUacWLYe VceQaULR cRQVLVWed Rf a VeWXS ZheUe Whe SaUWLcLSaQWV cRQdXcWed Whe gaPLfLed

PePRU\ WaVN YLa a OaSWRS. The gaPLfLed PePRU\ WaVN ZaV caUULed RXW b\ Whe SaUWLcLSaQWV

LQdLYLdXaOO\ aQd afWeU VLgQLQg Whe cRQVeQW fRUP (Vee ASSeQdL[ 2) Whe\ UeceLYed LQVWUXcWLRQV fRU Whe

e[SeULPeQW SURcedXUe aQd gaPe (Vee ASSeQdL[ 5). The e[SeULPeQW OeadeU UeSeaWed Whe

LQfRUPaWLRQ WR eQVXUe WhaW Whe SaUWLcLSaQW ZaV fXOO\ aZaUe Rf Whe WaVN aQd Whe SDK ZaV LQWURdXced

WR Whe SaUWLcLSaQWV Lf Whe\ ZeUe LQ Whe SDK cRQdLWLRQ. TR geW faPLOLaULVed ZLWh Whe gaPe, Whe

SaUWLcLSaQWV SOa\ed a WeVW UXQ Rf 10 VhRUW WULaOV WR eQVXUe WhaW Whe\ XQdeUVWRRd Whe gaPe.

AfWeUZaUdV, WheLU e\e PRYePeQWV ZeUe caOLbUaWed ZLWh LMRWLRQV VRfWZaUe, aQd Whe e[SeULPeQW ZaV

LQLWLaOLVed. The gaPe cRQVLVWed Rf a WRWaO Rf 72 WULaOV dLYLded RQ WhUee dLffLcXOW\ OeYeOV. AfWeU each

gaPe WULaO dXULQg Whe SDK cRQdLWLRQ, Whe SaUWLcLSaQW UeceLYed YRcaO SeUfRUPaQce feedbacN fURP

Whe SDK (See ASSeQdL[ 6). If Whe SaUWLcLSaQW ZaV LQ Whe cRQWURO gURXS, Whe\ dLd QRW UeceLYe aQ\

YRcaOLVed feedbacN, bXW LQVWead had Whe VaPe LQWeU-WULaO LQWeUYaO (ITI) aV QRW WR affecW OeaUQLQg. The

VeTXeQce Rf WULaOV ZeUe SUeVeQWed LQ bORcNV Rf 24 WULaOV, ZLWh a bUeaN LQ beWZeeQ WR UedXce faWLgXe.

DXULQg each bUeaN beWZeeQ Whe WhUee OeYeOV Rf Whe gaPe, Whe SaUWLcLSaQWV fLOOed LQ Whe SAM-VcaOe WR

eYaOXaWe WheLU RZQ affecWLYe e[SeULeQce Rf YaOeQce, aURXVaO aQd dRPLQaQce (cRQWURO) ZLWh UeVSecW

WR Whe gaPe aQd VeWXS (See aSSeQdL[ 7). AfWeU fLQLVhLQg aOO Rf Whe chaOOeQge OeYeOV, Whe e[SeULPeQW

OeadeU/SDK (deSeQdLQg RQ cRQdLWLRQ: IV2) UeZaUded Whe SaUWLcLSaQW ZLWh a cLQePa WLcNeW. The

e[SeULPeQW'V dXUaWLRQ ZaV aSSUR[LPaWeO\ 40 PLQXWeV.

4.5 Data collection and analysis

QXaQWLWaWLYe daWa ZaV cROOecWed WhURXgh Whe gaPe LQ Whe fRUP Rf gaPe SeUfRUPaQce (QXPbeU Rf

cRUUecW UeVSRQVeV (CR)) fRU each WULaO Rf eYeU\ chaOOeQge OeYeO Rf Whe gaPe. The QXPbeU Rf CRV

ZeUe PeaVXUed LQ SeUceQW SeU chaOOeQge OeYeO. Each chaOOeQge OeYeO ZaV aOVR dLYLded LQWR 4 bORcNV

Rf 6 WULaOV aQd CR ZaV caOcXOaWed fRU each bORcN. FXUWheUPRUe, Whe daWa ZaV VSOLW XS beWZeeQ

dLffeUeQW LQWeU VWLPXOXV LQWeUYaOV (ISI) aQd aQaO\Ved VeSaUaWeO\ fRU each LQWeUYaO. FXUWheUPRUe, Whe

CR ZaV aOVR caOcXOaWed VeSaUaWeO\ ZLWh UeVSecW WR ISI (eLWheU 4 RU 12 VecRQdV) aQd cRPSaUed fRU

Whe dLffeUeQW cRQdLWLRQV. The TXaQWLWaWLYe daWa ZaV aQaO\Ved XVLQg SPSS Y.28.0.1.1 fRU deVcULSWLYe
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VWaWLVWLcV aV ZeOO aV F-WeVW aQd WZR-Za\-ANOVA fRU PaLQ aQd LQWeUacWLRQ effecWV. The VWaWLVWLcaO

VLgQLfLcaQce OeYeO ZaV VeW aW .05.

QXaOLWaWLYe daWa ZaV cROOecWed WhURXgh LMRWLRQV caPeUa (e\e WUacNLQg, facLaO e[SUeVVLRQ). AfWeU

eYaOXaWLQg SaUWLcLSaQW e\e WUacNLQg, aQ aWWePSW ZaV Pade WR caWegRULVe dLffeUeQW cRgQLWLYe

VWUaWegLeV b\ caOcXOaWLQg Whe QXPbeU Rf ceOO fL[aWLRQV RYeU bORcNV. TheVe daWa ZeUe aOVR XVed LQ Whe

aQaO\VLV ZLWh UeVSecW WR DOT, WR Whe WheRU\, TXaQWLWaWLYe daWa, aQd SAM. The daWa cROOecWed fURP

Whe SAM-VcaOe ZaV VXPPaULVed aQd aQaO\Ved fRU PRQLWRULQg aQd cRPSaULVRQ Rf Whe SaUWLcLSaQWV¶

SeUceLYed ePRWLRQaO VWaWe bRWh TXaQWLWaWLYeO\ aQd TXaOLWaWLYeO\.

4.6 Delimitations

IQ UegaUd WR SaUWLcLSaQWV, VROeO\ heaOWh\ LQdLYLdXaOV (QRW VXffeULQg fURP PePRU\ ORVV e.g.

dePeQWLa/MCI) ZeUe SaUWLcLSaWLQg LQ Whe e[SeULPeQW dXe WR Whe VWXd\ beLQg SUe-cOLQLcaO (Vee

dLVcXVVLRQ Rf LPSOLcaWLRQV LQ 1.1 ObMecWLYeV aQd 6.3 IPSOLcaWLRQV). FXUWheUPRUe, Whe e\e-WUacNLQg

daWa WhaW ZaV cROOecWed ZaV aQaO\Ved fURP a VaPSOe Rf Whe beVW aQd ZRUVW SeUfRUPaQceV (16

SaUWLcLSaQWV). TR caUU\ WhLV RXW ZLWh UeVSecW WR aOO YLdeRV ZRXOd WaNe aSSUR[LPaWeO\ 40 hRXUV SeU

SeUVRQ aQd ZaV WheUefRUe deePed SURhLbLWLYeO\ WLPe cRQVXPLQg. ReacWLRQ WLPe daWa ZaV aOVR

gaWheUed dXULQg Whe e[SeULPeQW WR eQabOe PeaVXULQg VXbMecWV OaWeQc\ Rf UeVSRQVe, hRZeYeU

becaXVe QR LPPedLaWe dLffeUeQce cRXOd be VeeQ deSeQdLQg RQ Whe cRQdLWLRQV LW ZaV QRW XVed LQ Whe

fLQaO UeVXOWV. VLYaV eW aO. (2018) UeSRUW a VLPLOaU deOLPLWaWLRQ Rf Whe VaPe UeaVRQ LQ WheLU VWXd\.
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5 Results

B\ caOcXOaWLQg Whe PeaQ SeUceQW Rf CR SeU OeYeO, Whe PeaQ accXUac\ ZaV cRPSaUed beWZeeQ Whe

dLffeUeQW cRQdLWLRQV. Table 1 VhRZV Whe PeaQ accXUac\ RYeU Whe fRXU dLffeUeQW cRQdLWLRQV fRU each

OeYeO, aQd LQ Whe WRWaO accXUac\ fRU aOO OeYeOV. DOT cRQdLWLRQ VhRZV a gUeaWeU accXUac\ bRWh LQ Whe

cRQWURO cRQdLWLRQ aQd LQ Whe VdN/URbRW feedbacN cRQdLWLRQ. A WZR-Za\ beWZeeQ VXbMecWV ANOVA

UeYeaOed VWaWLVWLcaO VLgQLfLcaQce LQ Whe PaLQ effecW Rf WRWaO accXUac\ beWZeeQ VXbMecWV LQ DOT

cRQdLWLRQ cRPSaUed WR Whe NDOT cRQdLWLRQ, F(1, 52) = 5.721, p = .021, ȘS
2 = .107. 95% CIV fRU

DOT = [67.40, 76.63], aQd 95% CIV fRU NDOT = [56.21, 69.30]. The SaUWLaO eWa-VTXaUed UeYeaOV a

PedLXP-OaUge effecW VL]e aOLgQed ZLWh Whe eVWLPaWed effecW VL]e XVed WR deWeUPLQe VaPSOe VL]e.

TheUe ZaV QR VWaWLVWLcaOO\ VLgQLfLcaQW PaLQ effecW fRU VXbMecWV LQ Whe SDK cRQdLWLRQ cRPSaUed WR

VXbMecWV LQ cRQWURO cRQdLWLRQ (S = .635). TheUe ZaV QR VWaWLVWLcaOO\ VLgQLfLcaQW LQWeUacWLRQ beWZeeQ

Whe effecWV Rf DOT aQd URbRW feedbacN (IV1/IV2), F(1, 52) = 2.262, p = .139. FigXre 2 VXPPaULVeV

Whe fLQdLQgV Rf PeaQ accXUac\ RYeU aOO cRQdLWLRQV ZLWh SeUceQW Rf cRUUecW UeVSRQVeV fRU each OeYeO.

Table 1

Mean accXrac\: Percent correct responses (SD)

CRQdLWLRQ LeYeO 1 LeYeO 2 LeYeO 3 TRWaO

DOT 83.08 (10.29) 67.46 (16.11) 54.00 (15.15) 68.18 (12.86)

NDOT 78.62 (14.21) 62.77 (19.55) 52.85 (22.56) 64.74 (16.65)

SDK DOT 88.39 (8.64) 73.77 (10.46) 65.39 (12.61) 75.85 (8.65)

SDK NDOT 72.85 (16.01) 61.46 (17.88) 48.08 (19.51) 60.77 (16.17)
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FigXre 2

Mean accXrac\ (percent of correct responses) and standard error for each condition and leYel

Table 2 VhRZV Whe PeaQ SeUceQW Rf WRWaO accXUac\ RYeU aOO OeYeOV dLYLded beWZeeQ ISI 4000 aQd ISI

12000 (LQWeU VWLPXOXV LQWeUYaOV Rf 4 VecRQdV cRPSaUed WR 12 VecRQdV). A WZR-Za\ ANOVA ZaV

cRQdXcWed aQd UeYeaOed a VWaWLVWLcaO VLgQLfLcaQW PaLQ effecW Rf DOT fRU ISI 4000, F(1, 156)  =

9.796, p = .002, ȘS
2 = .061, 95% CIV DOT = [69.94, 78.75], NDOT = [59.47, 68.99], aQd fRU ISI

12000, F(1, 156) = 4.788, p = .030, ȘS
2 = .031, 95% CIV fRU DOT = [64.81, 73.67], aQd 95% CIV

fRU NDOT = [56.15, 66.98]. TheUe ZaV QR VWaWLVWLcaOO\ VLgQLfLcaQW PaLQ effecW Rf SDK cRPSaUed WR

Whe cRQWURO cRQdLWLRQ ZheQ dLYLdLQg Whe accXUac\ LQ WeUPV Rf ISI. AddLWLRQaOO\, WheUe ZaV QR

VWaWLVWLcaOO\ VLgQLfLcaQW LQWeUacWLRQ beWZeeQ Whe effecWV Rf DOT aQd SDK feedbacN fRU WRWaO

accXUac\ Rf ISI 4000 (p = .055) RU ISI 12000 (p = .137).

Table 2

Mean accXrac\ Zrt ISI. Percent correct responses (SD)

CRQdLWLRQ DOT NDOT SDK DOT SDK NDOT TOTAL

ISI 4000 69.74 (20.62) 65.87 (21.61) 78.95 (17.49) 62.59 (20.77) 69.29 (20.91)

ISI 12000 66.38 (21.48) 63.95 (25.24) 72.10 (17.45) 59.18 (22.77) 65.40 (22.20)
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FXUWheU aQaO\VLV VSOLW each OeYeO LQWR bORcNV Rf 6 WULaOV (4 bORcNV SeU OeYeO) WR deWeUPLQe hRZ PeaQ

accXUac\ eYROYeV WhURXghRXW each OeYeO. Table 3 VhRZV PaLQ accXUac\ VSOLW LQWR bORcNV Rf WULaOV.

FRU WabOeV fRU each OeYeO VeSaUaWeO\ Vee ASSeQdL[ 8. The PaLQ effecW Rf DOT RYeU each bORcN

VhRZed VWaWLVWLcaO VLgQLfLcaQce accRUdLQg WR a RQe-Za\ ANOVA fRU LeYeO 1 BORcN 2, F(1, 50) =

3,628, p = .010, ȘS
2 = .125, 95% CIV DOT = [80.96, 93.19], NDOT = [65.36, 82.02]. LeYeO 1

BORcN 3 F(1, 50) = 6,051, p = .017, ȘS
2 = .108, 95% CIV DOT = [79.82, 93.03], NDOT = [66.69,

82.00]. LeYeO 2 BORcN 1, F(1, 50) = 4,457, p = .040, ȘS
2 = .082, 95% CIV DOT = [65.39, 78.38],

NDOT = [49.48, 69.68], aQd LeYeO 3 BORcN 3 F(1, 50) = 4,874, p = .032, ȘS
2 = .089, 95% CIV DOT

= [53.77, 73.15], NDOT = [37.40, 58.67]. A YLVXaOLVaWLRQ Rf hRZ SeUfRUPaQce chaQgeV RYeU Whe

bORcNV LQ each OeYeO caQ be VeeQ LQ FigXre 3.

Table 3

Mean accXrac\ oYer all conditions Zith respect to 4 blocks and DOT:

Percent correct responses (SD)

CRQdLWLRQ B1 B2 B3 B4

DOT LY1 85.77 (13.05) 87.08 (15.13) 86.42 (16.35) 83.96 (20.17)

DOT LY2 71.88 (16.08) 67.92 (22.51) 72.38 (23.98) 69.85 (14.78)

DOT LY3 51.23 (20.53) 59.62 (18.95) 63.46 (23.99) 66.00 (28.40)

NDOT LY1 76.85 (20.00) 73.69 (20.62) 74.35 (18.95) 78.08 (20.42)

NDOT LY2 59.58 (25.00) 56.46 (25.88) 61.50 (26.18) 71.12 (19.72)

NDOT LY3 52.58 (26.52) 50.73 (28.07) 48.04 (26.33) 50.69 (30.31)
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FigXre 3

Mean accXrac\ changes oYer 4 blocks in each of the 3 leYels for each condition. Error bars

omitted for YisXal clarit\.

5.1 Self Assessment Manikin scale

The PeaQ YaOXeV fRU aURXVaO, YaOeQce aQd cRQWURO ZeUe caOcXOaWed fRU each OeYeO LQ each cRQdLWLRQ

UeVXOWLQg LQ 36 dLffeUeQW YaOXeV. ASSeQdL[ 9 VhRZV hRZ Whe YaOXeV fRU YaOeQce, aURXVaO aQd cRQWURO

aUe dLVWULbXWed ZLWh UeVSecW WR Whe dLffeUeQW cRQdLWLRQV. The UeVXOWV VhRZ WhaW Whe hLgheVW OeYeOV Rf

YaOeQce ZeUe fRXQd LQ Whe DOT SDK cRQdLWLRQ aQd SaUWLcXOaUO\ aW OeYeO 1 RYeU aOO cRQdLWLRQV. The

OeYeO Rf aURXVaO ZaV UeOaWLYeO\ cRQVLVWeQW RYeU aOO cRQdLWLRQV aQd OeYeOV bXW Ueached a SeaN LQ DOT

cRQdLWLRQ OeYeO 2. DRPLQaQce (RU feeOLQg Rf beLQg LQ cRQWURO) VhRZed SeaN YaOXeV RYeU DOT SDK

cRQdLWLRQ aQd aW OeYeO 1 aW DOT cRQWURO cRQdLWLRQ. The feeOLQg Rf dRPLQaQce YaULed PRUe LQ Whe

DOT cRQdLWLRQV bXW UePaLQed VRPeZhaW cRQVLVWeQW LQ Whe NDOT cRQdLWLRQV bXW ZaV geQeUaOO\

ORZeU aW OeYeO 3 RQ aOO cRQdLWLRQV. A WZR-Za\ beWZeeQ VXbMecWV ANOVA UeYeaOed a VWaWLVWLcaO
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VLgQLfLcaQW PaLQ effecW LQ DRPLQaQce LeYeO 1 beWZeeQ VXbMecWV LQ DOT cRQdLWLRQ cRPSaUed WR Whe

NDOT cRQdLWLRQ, F(1, 52) = 7.109, p = .010, ȘS
2 = .116, 95% CIV fRU DOT = [3.42, 4.01], aQd

95% CIV fRU NDOT = [2.56, 3.44]. FXUWheUPRUe, a VWaWLVWLcaOO\ VLgQLfLcaQW LQWeUacWLRQ effecW

beWZeeQ Whe DOT aQd Whe SDK cRQdLWLRQ ZaV deWecWed RQ YaOeQce OeYeO 3 F(1, 52) = 5.936, p =

.018, ȘS
2 = .099, 95% CIV fRU DOT = [2.94, 3.63], aQd 95% CIV fRU NDOT = [2.47, 3.33].

5.2 Cognitive game strategies

The e\e WUacNLQg daWa ZaV cROOecWed WhURXgh Whe LMRWLRQV VRfWZaUe aQd aQaO\Ved TXaOLWaWLYeO\ b\

RbVeUYLQg SaUWLcXOaU VXbMecWV ZLWh eLWheU QRWabOe hLgh RU ORZ SeUfRUPaQce. IQ WRWaO a QXPbeU Rf 16

VXbMecWV ZeUe aQaO\Ved (Whe 2 hLgheVW aQd 2 ORZeVW SeUfRUPaQce fRU each cRQdLWLRQ) B\ cRQdXcWLQg

VaPSOe aQaO\VLV Rf WZR Rf Whe beVW SeUfRUPLQg aQd ZRUVW SeUfRUPLQg VXbMecWV LQ each cRQdLWLRQ, aQ

aWWePSW ZaV Pade WR caWegRULVe Whe VWUaWegLeV aQd cRQcOXde ZhaW VWUaWegLeV VeePed PRVW effLcLeQW

fRU OeaUQLQg aQd PePRU\ SeUfRUPaQce. B\ VXPPaULVLQg WheLU ga]e RYeU Whe gaPe gULd a WRWaO Rf

WZR PaLQ cRgQLWLYe VWUaWegLeV cRXOd be LdeQWLfLed; SeULSheUaO YLVLRQ (PV) b\ fL[aWLQg RQ ceUWaLQ

VSRWV Rf Whe gaPe gULd, RU fRYeaO YLVLRQ (FV) WR fROORZ Whe VeTXeQce ZLWh Whe e\e PRYePeQWV.

AQaO\VLQg e\e WUacNLQg RYeU Whe gaPe gULd aOORZV fRU LdeQWLfLcaWLRQ Rf dLffeUeQW cRgQLWLYe

VWUaWegLeV aQd Pa\ cRQWULbXWe WR eYaOXaWLRQ Rf WheLU effLcLeQc\ ZLWh UeVSecW WR OeaUQLQg. The

LPSOLcaWLRQV Rf dLffeUeQW VWUaWegLeV LQ UegaUd WR eYaOXaWLRQ Rf Whe VeWXS aUe fXUWheU dLVcXVVed LQ

VecWLRQ 6.1.3 DLVcXVVLRQ: CRgQLWLYe gaPe VWUaWegLeV. See ASSeQdL[ 10 fRU WabOe RYeU VaPSOeV fURP

Whe LMRWLRQV daWa.
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6 Discussion

HeUeb\ fROORZV Whe dLVcXVVLRQ Rf WhLV VWXd\ e[aPLQLQg hRZ LPSOePeQWaWLRQ Rf DOT aQd SDK

feedbacN RQ a YLVXRVSaWLaO gaPLfLed WaVN affecWV OeaUQLQg LQ Whe fRUP Rf gaPe SeUfRUPaQce (CR)

aQd VXbMecW affecWLYe e[SeULeQce. The UeVXOWV Rf WhLV VWXd\ aUe VXPPaULVed aV fROORZV: a VLgQLfLcaQW

PaLQ effecW Rf DOT RQ gaPe SeUfRUPaQce ZaV RbVeUYed fRU SaUWLcLSaQWV bRWh LQ Whe cRQWURO aQd

SDK cRQdLWLRQ, aOLgQed ZLWh H\pothesis 1 WhaW VXbMecWV' OeaUQLQg aQd PePRU\ SeUfRUPaQce LV

LPSURYed b\ Whe LPSOePeQWaWLRQ Rf DOT. GaPe SeUfRUPaQce ZaV aOVR PeaVXUed LQ WeUPV Rf ISI

(LQWeU VWLPXOXV LQWeUYaOV) aQd bURNeQ dRZQ LQWR bORcNV, fLQdLQg VWaWLVWLcaO VLgQLfLcaQce RQ bRWh

dLffeUeQW ISI aV ZeOO aV RYeU VRPe bORcNV (ZheUe OeaUQLQg cRXOd be RbVeUYed LQ fXUWheU deWaLO).

TheUe ZaV QR VWaWLVWLcaO VLgQLfLcaQW LQWeUacWLRQ effecW beWZeeQ DOT aQd SDK heQce H\pothesis 2

aQd 3 cRXOd QRW be cRQfLUPed aV VXbMecWV¶ OeaUQLQg aQd PePRU\ SeUfRUPaQce ZaV QRW VLgQLfLcaQWO\

hLgheU ZheQ UeceLYLQg SDK VRcLaO UeZaUd feedbacN dXULQg Whe gaPe. HRZeYeU, SAM-VcaOe aQd

e\e-WUacNLQg \LeOded UeOeYaQW UeVXOWV UegaUdLQg SaUWLcLSaQWV' affecWLYe cXeV aQd cRgQLWLYe VWUaWegLeV

ZLWh UeVSecW WR Whe gaPe aQd OeaUQLQg.

6.1 Results

The UeVXOWV ZLOO be dLVcXVVed LQ WhUee SaUWV, Whe fLUVW addUeVVLQg Whe TXaQWLWaWLYe UeVXOWV Rf Whe CR

aQd WheQ Whe RWheU WZR SaUWV, Whe UeVXOWV fURP Whe SAM-VcaOe aQd cRgQLWLYe gaPe VWUaWegLeV.

6.1.1 MePRU\ WaVN SeUfRUPaQce
The UeVXOWV VhRZ a VWaWLVWLcaOO\ VLgQLfLcaQW PaLQ effecW Rf DOT RQ SaUWLcLSaQW¶V gaPe SeUfRUPaQce,

LQdLcaWLQg WhaW WheUe LV a DOE RccXULQg becaXVe Rf Whe dLffeUeQWLaO UeZaUd V\VWeP Rf Whe gaPe.

ThLV effecW LV RbVeUYed bRWh LQ Whe cRQdLWLRQ ZLWh Whe SDK URbRW SUeVeQW aQd LQ Whe cRQWURO

cRQdLWLRQ. FXUWheUPRUe, LQ Whe SDK URbRW cRQdLWLRQ Whe DOE OeaQV WRZaUdV beLQg hLgheU, hRZeYeU

Whe LQWeUacWLRQ effecW LV QRW VLgQLfLcaQW. The SaUWLaO eWa-VTXaUed LQdLcaWed a PedLXP-OaUge effecW

VL]e (ȘS
2 = .107), aOLgQed ZLWh Whe WaUgeW effecW VL]e baVed RQ Whe VWXd\ b\ McCRUPacN eW aO.
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(2019). BecaXVe Whe ePbRdLed FXUhaW e[SeULPeQW ZaV caQceOOed WheUe ZaV QRW eQRXgh daWa WR

deWeUPLQe a SRWeQWLaO LQWeUacWLRQ effecW LQ WhaW cRQdLWLRQ (Vee a VXPPaU\ Rf Whe UeVXOWV Rf Whe 7

SaUWLcLSaQWV LQ ASSeQdL[ 1 fRU aQ LQdLcaWLRQ Rf ZheUe Whe UeVXOWV PLghW OeaQ WRZaUdV). The

VLgQLfLcaQce OeYeO Rf Whe LQWeUacWLRQ effecW LQ Whe SDK cRQdLWLRQ LV VWLOO cORVe WR VLgQLfLcaQW,

LQdLcaWLQg WhaW a SRWeQWLaO LQWeUacWLRQ effecW PLghW be UeYeaOed ZLWh PRUe SaUWLcLSaQWV aQd LQ Whe

ePbRdLed FXUhaW cRQdLWLRQ. ThLV LV SURbabOe becaXVe Whe ePbRdLed FXUhaW PLghW LQcUeaVe Whe

VRcLaO SUeVeQce effecW aQd UeVXOW LQ OaUgeU dLffeUeQce cRPSaUed WR Whe cRQWURO cRQdLWLRQ WhaQ Whe

SDK VROeO\, WhLV ZLOO be fXUWheU e[aPLQed LQ fXWXUe VWXdLeV. The VRcLaO SUeVeQce effecW PLghW haYe

beeQ VPaOO WR QRQ-e[LVWeQW ZLWh Whe SDK, a hLghO\ UeOeYaQW OLPLWaWLRQ Rf XVLQg Whe WheRU\ LQ WhLV

cRQWe[W. BLRcca eW aO. (2003) aUgXed WheUe aUe OLPLWaWLRQV RQ XVLQg Whe VRcLaO SUeVeQce WheRU\

deSeQdLQg RQ Whe cRQWe[W, aQd WhaW bURadeU aQd PRUe e[WeQVLYe defLQLWLRQV aQd PeaVXUePeQWV Qeed

WR be LQYeVWLgaWed fRU LW WR be aSSOLcabOe WR a ZLde UaQge Rf cRQWe[WV. The\ aUgXe WhaW

PeaVXUePeQWV XVXaOO\ UeSUeVeQW YaULabOeV WhaW aUe cRUUeOaWeV RU effecWV Rf VRcLaO SUeVeQce UaWheU

WhaQ VRcLaO SUeVeQce SeU Ve, a VLgQLfLcaQW OLPLWaWLRQ Rf Whe WheRU\, aQd WhaW LW PLghW be a UeVXOW Rf

YagXe, RYeUO\ bURad, RU cLUcXOaU defLQLWLRQV Rf VRcLaO SUeVeQce aPRQg RWheUV.

OQe LQWeUeVWLQg RbVeUYaWLRQ ZheQ aQaO\VLQg Whe WRWaO accXUac\ RYeU aOO cRQdLWLRQV ZaV WhaW b\

cRPSaULQg Whe WZR NDOT cRQdLWLRQV SeUfRUPaQce ZaV ORZeU fRU SaUWLcLSaQWV ZLWh SDK WhaQ LQ

Whe cRQWURO gURXS, a UeaVRQ WhaW PLghW cRQWULbXWe WR Whe OacN Rf PaLQ effecW Rf SDK. IW LV SRVVLbOe WR

cRQQecW WhLV WR Whe UROe Whe feedbacN haV RQ e[hLbLWLQg/LQhLbLWLQg a SRWeQWLaO DOE. IQ Whe NDOT

cRQdLWLRQV SaUWLcLSaQWV dLd SeUfRUP ZLWh OeVV accXUac\, SURbabO\ becaXVe Rf DOE, aQd cRPbLQed

ZLWh UeLQfRUcLQg URbRW feedbacN WhLV PLghW haYe Oed WR fUXVWUaWLRQ RU feeOLQg Rf faLOXUe UeVXOWLQg LQ

eYeQ ZRUVe SeUfRUPaQce. EYeQ Lf SUeYLRXV OLWeUaWXUe dLd QRW fLQd WhaW QegaWLYe feedbacN UeVXOWed LQ

ZRUVe SeUfRUPaQce, WhLV PLghW haYe beeQ Whe caVe LQ WhLV e[SeULPeQW, WhRXgh Whe dLffeUeQce

beWZeeQ NDOT cRQWURO aQd NDOT SDK ZaV QRW VR bLg. FXWXUe UeVeaUch cRXOd LQYeVWLgaWe Whe

SRWeQWLaO effecW URbRW feedbacN PLghW haYe LQ NDOT cRQWe[WV aV SRWeQWLaOO\ LQhLbLWLQg

SeUfRUPaQce aQd OeaUQLQg. The UeVXOWV dR QRW VhRZ VWaWLVWLcaO VLgQLfLcaQce LQ WeUPV Rf VRcLaO

SUeVeQce effecW Rf Whe SDK, hRZeYeU Whe UeVXOWV OeaQ WRZaUdV a SRWeQWLaO SUeVeQce effecW WhaW cRXOd

VhRZ VLgQLfLcaQce ZLWh aQ ePbRdLed URbRW aQd PRUe VXbMecWV. CRPbLQed ZLWh Whe UeVXOWV Rf Whe
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SAM VcaOe WhaW VhRZ a VOLghWO\ PRUe SRVLWLYe effecW ZLWh UegaUd WR Whe SDK fXUWheU VWXdLeV PLghW

deWeUPLQe Whe UROe Rf VRcLaO SUeVeQce effecW fXUWheU.

The VLgQLfLcaQW effecW Rf Whe DOT ZaV fXUWheU RbVeUYed ZheQ aQaO\VLQg Whe UeVXOWV ZLWh UeVSecW WR

LQWeU VWLPXOXV LQWeUYaO (ISI). HaYLQg aQ ISI Rf 4 VecRQdV Oed WR hLgheU PePRU\ SeUfRUPaQce LQ aOO

cRQdLWLRQV aQd RYeU aOO OeYeOV LQ Whe gaPe, LQdLcaWLQg WhaW LW ZaV eaVLeU WR UePePbeU Whe VeTXeQce

cORVe WR Whe VWLPXOL cRPSaUed WR haYLQg WR ZaLW 12 VecRQdV. FXUWheUPRUe, Whe effecW Rf DOT ZaV

hLgheU ZLWh ISI 4 VecRQdV WhaQ ZLWh ISI 12 VecRQdV, VXggeVWLQg WhaW Whe DOE LV affecWed b\ Whe

OeQgWhV Rf ISI, VRPeWhLQg WhaW caQ be fXUWheU LQYeVWLgaWed LQ fXWXUe VWXdLeV aQd aOVR adMXVWed aQd

eYaOXaWed aV a chaQgeabOe SaUaPeWeU Rf Whe gaPe. WheQ aQaO\VLQg Whe SeUfRUPaQce bURNeQ dRZQ

LQWR bORcNV WhURXghRXW Whe gaPe LW LV SRVVLbOe WR RbVeUYe hRZ VXbMecWV SeUfRUP RYeU WLPe dXULQg

Whe dLffeUeQW OeYeOV. The UeVXOWV UeYeaO WhaW SeUfRUPaQce LV VRPeZhaW cRQVWaQW ZLWhLQ Whe OeYeOV

WhePVeOYeV bXW LV UedXced fRU each OeYeO LQ aOO cRQdLWLRQV. ThLV cRXOd be a UeVXOW Rf eLWheU faWLgXe RU

LQcUeaVed chaOOeQge OeYeO, RU a cRPbLQaWLRQ Rf Whe WZR. FXUWheU LQYeVWLgaWLRQV cRPbLQLQg WheVe

UeVXOWV ZLWh affecWLYe daWa, VXch aV gaOYaQLc VNLQ UeVSRQVe, e\e WUacNLQg aQd SAM VcaOe PLghW

SURYLde VRPe LQVLghWV fRU Whe UeaVRQ. The RQe cRQdLWLRQ VhRZLQg PRVW cRQVWaQW SeUfRUPaQce RYeU

aOO bORcNV LQ aOO OeYeOV LV Whe DOT SDK cRQdLWLRQ, ZheUe DOE, VRcLaO SUeVeQce effecW aQd UeZaUd

feedbacN SRVVLbO\ facLOLWaWed aQd eQcRXUaged eQRXgh eQgagePeQW aQd OeaUQLQg fRU Whe VXbMecWV WR

VWa\ aOeUW aQd SeUfRUP ZeOO. The\ aOVR had Whe RYeUaOO beVW SeUfRUPaQce RYeU aOO cRQdLWLRQV LQ aOO

OeYeOV. TheVe UeVXOWV fXUWheU LPSO\ Whe SRWeQWLaO aQd effecWLYeQeVV Rf cRPbLQLQg a DOT ZLWh a

VRcLaO feedbacN URbRW fRU VXbMecWV¶ PePRU\ SeUfRUPaQce aQd eQgagePeQW. FXUWheU VWXdLeV PLghW

LQYeVWLgaWe Lf WhLV effecW ZLOO heOS VXbMecWV VWa\ eQgaged aOVR RYeU WLPe, Lf a SRWeQWLaO fXWXUe

LQWeUYeQWLRQ PLghW cRQWLQXe RYeU PaQ\ ZeeNV Rf PePRU\ WaVNV RU WUaLQLQg.

SROeO\ aQaO\VLQg CR fRU deWeUPLQLQg gaPe SeUfRUPaQce ZaV LQ WhLV VWXd\ deePed aV a YaOLd

VRXUce becaXVe Rf Whe bURad UaQge Rf SRVVLbOe aQaO\VeV WhaW cRXOd be deULYed fURP Whe daWa (PeaQ,

bORcNV aQd ISI). HRZeYeU, UeacWLRQ WLPe daWa cRXOd aOVR haYe beeQ LQcOXded aV a cRPSOePeQWaU\

VRXUce Rf daWa WR LQcUeaVe Whe dLPeQVLRQ Rf Whe UeVXOW aQd UeOLabLOLW\. UQdeUVWaQdLQg Whe DOE

UeTXLUeV aQaO\VLQg Whe PechaQLVPV behLQd LW, aQd DOT aV a WheRU\ cRQVLVWV Rf VeYeUaO cRPSOe[

cRPSRQeQWV ZheUe VchROaUV aUe dLYLded LQ ZhaW gLYeV ULVe WR Whe acWXaO effecW. SRPe aUgXe WhaW

e[SecWaWLRQV aUe Rf LQWeUeVW, aQd WhaW dLffeUeQWLaO UeVSRQVe fRUPV VXSSRUW Whe e[SecWaQc\ WheRU\
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accRXQW Rf Whe DOE, gLYLQg ULVe WR Whe behaYLRXU (PeWeUVRQ 1980). OWheUV aUgXPeQWV aUe PRUe

aOLgQed ZLWh behaYLRXUaO WheRULeV URRWed LQ UadLcaO SNLQQeU¶V LdeaV Rf UeZaUdV aQd behaYLRXUV.

AccRUdLQg WR GReWeUV eW aO. (1992), behaYLRXUaO WheRU\ UaWheU WhaQ e[SecWaQc\ LV a QeceVVaU\

cRPSRQeQW LQ deVcULbLQg Whe DOE, aQd WhaW Whe aQVZeU WR ZhaW gLYeV ULVe WR Whe effecW caQ UaWheU

be fRXQd b\ VLPSO\ accRXQWLQg fRU a VXbMecW'V behaYLRXU UaWheU WhaQ LWV LQQeU ZRUNLQgV. The OacN Rf

cRQVeQVXV cRQceUQLQg Whe DOT cUeaWeV aQ RbVWacOe LQ VeeNLQg WR XQdeUVWaQd Whe PechaQLVPV

behLQd LW aQd aOVR WR LQWeUSUeW UeVXOWV Rf VWXd\LQg Whe DOE aV ZeOO aV LPSURYLQg SRWeQWLaO

LQWeUYeQWLRQV PaNLQg XVe Rf Whe WheRU\. FXUWheU UeVeaUch LV VXggeVWed WR SURYLde cOeaUeU aQVZeUV WR

WheVe TXeVWLRQV.

6.1.2 SAM ScaOe

The SaUWLcLSaQWV fLOOed LQ Whe SAM VcaOe VXUYe\ afWeU each OeYeO LQ Whe gaPe, UeVXOWLQg LQ Whe

SRVVLbLOLW\ WR LQYeVWLgaWe aQd cRPSaUe hRZ VXbMecWV' VeOf-SeUceLYed ePRWLRQaO VWaWe chaQged RYeU

WLPe RYeU Whe OeYeOV aQd LQ Whe dLffeUeQW cRQdLWLRQV. The VXUYe\ cRQVLVWed Rf WhUee dLffeUeQW VcaOeV;

YaOeQce, aURXVaO aQd dRPLQaQce aQd VXbMecWV cRXOd VWaWe WheLU OeYeO Rf each VcaOe beWZeeQ 1-5

ZheUe 5 beLQg hLgh OeYeOV Rf YaOeQce, aURXVaO aQd feeOLQg Rf cRQWURO. See ASSeQdL[ 9 fRU fLgXUeV Rf

Whe UeVXOWV. QXaQWLWaWLYe aQaO\VLV Rf Whe UeVXOWV UeYeaOed VLgQLfLcaQce fRU VRPe OeYeOV aQd Whe RWheU

YaOXeV ZeUe eYaOXaWed TXaOLWaWLYeO\ WR SURYLde LQdLcaWLRQV Rf ePRWLRQaO VWaWeV aQd chaQge. The

YaOXeV ZLWh VWaWLVWLcaO VLgQLfLcaQce ZeUe cRQWURO aW OeYeO 1 RQ DOT cRQdLWLRQ cRPSaUed WR NDOT

cRQdLWLRQ aQd aQ LQWeUacWLRQ effecW RQ YaOeQce OeYeO 3 Rf SDK aQd DOT.

GeQeUaOO\, YaOeQce ZaV hLgh fRU Whe DOT cRQdLWLRQ LQ Whe begLQQLQg bXW ZaV UedXced RYeU Whe

OeYeOV, SRVVLbO\ VXggeVWLQg bRUedRP RU faWLgXe. FRU NDOT YaOeQce LV QeXWUaO WhURXghRXW Whe

OeYeOV, aV PLghW be e[SecWed VLQce SeUfRUPaQce ZaV QRW aV gRRd LQ Whe begLQQLQg aQd Whe LQcUeaVed

chaOOeQge PLghW QRW be SeUceLYed aV bLg aV a faLOXUe. The DOT SDK cRQdLWLRQ haV Whe PRVW

cRQVWaQW hLgh YaOeQce RYeU aOO OeYeOV, VXggeVWLQg WhaW DOE LQ cRPbLQaWLRQ ZLWh UeceLYLQg SRVLWLYe

feedbacN heOSV NeeS Whe VXbMecWV LQ a SRVLWLYe PeQWaO VWaWe WhURXghRXW Whe eQWLUe gaPe. FRU Whe

NDOT SDK cRQdLWLRQ YaOeQce UeacheV LWV ORZeVW OeYeOV RQ Whe OaVW OeYeO, VXggeVWLQg WhaW SRRU

SeUfRUPaQce (becaXVe Rf QR DOE) cRPbLQed ZLWh Whe URbRW cRQVWaQWO\ SRLQWLQg RXW Whe\ aUe QRW

SeUfRUPLQg ZeOO PLghW cUeaWe a QegaWLYe RU fUXVWUaWed VWaWe Rf PLQd WhURXghRXW Whe gaPe. AURXVaO
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ZaV VRPeZhaW cRQVWaQWO\ QeXWUaO fRU aOO cRQdLWLRQV, Whe RQO\ SeaN WhaW caQ be RbVeUYed LV LQ DOT

cRQdLWLRQ OeYeO 2, Pa\be becaXVe Rf gRRd SeUfRUPaQce aQd eQgagePeQW cUeaWeV a feeOLQg Rf hLgheU

aURXVaO. The gaPe LWVeOf Pa\ QRW be ePRWLRQaOO\ aURXVLQg, aW OeaVW QRW fURP Whe VXbMecW'V RZQ SRLQW

Rf YLeZ. FXUWheU VWXdLeV cRXOd LQcOXde gaOYaQLc VNLQ UeVSRQVe aV aQ aOWeUQaWLYe daWa VRXUce WR

deWeUPLQe hRZ aURXVaO PLghW be cRUUeOaWed ZLWh affecWLYe eQgagePeQW aQd UeVSRQVe WR URbRW

feedbacN aV ZeOO aV gaPe RXWcRPeV. FRU Whe feeOLQg Rf cRQWURO (dRPLQaQce) LW LV UePaUNabO\ hLgheU

fRU DOT cRQdLWLRQV (bRWh ZLWh aQd ZLWhRXW SDK), eVSecLaOO\ LQ OeYeO 1, VRPeWhLQg aOVR e[SecWed

WR be cRUUeOaWed ZLWh beWWeU SeUfRUPaQce. CRQWURO LV eVSecLaOO\ hLgh LQ Whe DOT cRPbLQed ZLWh Whe

SDK cRQdLWLRQ, VXggeVWLQg WhaW haYLQg Whe URbRW SUeVeQW PLghW LQdXce a feeOLQg Rf cRQWURO LQ Whe

SaUWLcLSaQWV, SRVVLbO\ aV a UeVXOW Rf Whe VRcLaO SUeVeQce effecW RU becaXVe Rf Whe feedbacN WhaW NeeSV

VWaWLQg Whe VXbMecW LV SeUfRUPLQg ZeOO.

The UeVXOWV Rf Whe SAM VcaOe aUe SaUWLcXOaUO\ LQWeUeVWLQg ZheQ cRPbLQed ZLWh RWheU affecWLYe daWa

aV a Za\ WR PeaVXUe VXbMecWV' affecWLYe VWaWeV ZheQ SOa\LQg Whe gaPe. BecaXVe Rf Whe VXbMecWLYe

QaWXUe Rf Whe SAM VcaOe LW PLghW QRW be adeTXaWe WR be aQaO\Ved aORQe WR fXOO\ deWeUPLQe affecWLYe

VWaWeV, hRZeYeU LQ WhLV VWaWe LW RffeUV VRPe LQVLghWfXO VXggeVWLRQV WhaW caQ be WaNeQ LQWR

cRQVLdeUaWLRQ fRU fXWXUe VWXdLeV. EVSecLaOO\ QRWeZRUWh\ LV Whe LPSURYed SeUceLYed feeOLQg Rf

cRQWURO Whe SDK cRPbLQed ZLWh DOT PLghW LQdXce LQ SaUWLcLSaQWV aV ZeOO aV Whe hLgh YaOeQce LQ

Whe SDK DOT cRQdLWLRQ. TheVe UeVXOWV aUe aOLgQed ZLWh Whe VXggeVWLRQ WhaW cRPbLQLQg DOT aQd

URbRW feedbacN LQ a fXWXUe cOLQLcaO LQWeUYeQWLRQ Rf PePRU\ WUaLQLQg PLghW QRW RQO\ LPSURYe

PePRU\ SeUfRUPaQce, bXW aOVR NeeS SaUWLcLSaQWV eQgaged, eQWeUWaLQed aQd cRQWeQW ZLWh hLgheU

feeOLQgV Rf cRQWURO aQd YaOeQce. RXVVeOO'V CLUcXPSOe[ PRdeO, ZhLch VeUYeV aV Whe WheRU\ behLQd

Whe SAM VcaOe, aOORZV fRU cOaVVLf\LQg ePRWLRQ LQ a PXOWLdLPeQVLRQaO Za\, aQ aSSURach WhaW VXLWV

WhLV VceQaULR becaXVe Rf Whe bURad W\SeV Rf feOW ePRWLRQ LQ Whe VXbMecWV aQd aV SURYeQ b\ Whe UeVXOWV

LQ WhLV VWXd\. A SRWeQWLaO fXWXUe LQWeUYeQWLRQ PLghW WaNe SAM-VcaOe daWa aV LQSXW WR Whe URbRW WR

adMXVW Whe feedbacN baVed RQ Whe VXbMecW'V affecWLYe VWaWe. HRZeYeU, PeaVXULQg ePRWLRQ haV VRPe

VeULRXV OLPLWaWLRQV, PaLQO\ ZLWh UegaUd WR Whe VLPSOLfLcaWLRQ Rf Whe cRPSOe[ SheQRPeQa hXPaQ

ePRWLRQ LV LQWR VRPeWhLQg PeaVXUabOe RQ a VcaOe. AddLWLRQaOO\, RQO\ PeaVXULQg ePRWLRQ WhRXgh

RQe chaQQeO (SAM-VcaOe) RffeUV a OLPLWed UeSUeVeQWaWLRQ Rf Whe acWXaO ePRWLRQ beLQg SUeVeQW.

MaQ\ UeceQW VWXdLeV VXggeVW XVLQg a PXOWLPRdaO aSSURach Rf PeaVXULQg ePRWLRQ LQVWead,

eVSecLaOO\ LQ OeaUQLQg eQYLURQPeQWV (KaSRRU aQd PLcaUd 2005). A UeYLeZ b\ D'PeOOR aQd KRU\
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(2015) LdeQWLfLed VeYeUaO PXOWLPRdaO affecW UecRgQLWLRQ V\VWePV, LQcOXdLQg fRU e[aPSOe aXdLR aQd

YLVXaO LQfRUPaWLRQ, acWed e[SUeVVLRQV aQd dLffeUeQW PeaVXUeV Rf aURXVaO VXch aV Sh\VLRORgLcaO cXeV.

TheLU UeYLeZ fRXQd WhaW accXUac\ Rf Whe PXOWLPRdaO V\VWePV ZeUe VXSeULRU WR Whe VLPSOeU

cRXQWeUSaUWV. The SAM-VcaOe LV WheUefRUe deePed aV QRW eQRXgh WR adeTXaWeO\ PeaVXUe affecW, bXW

VhRXOd UaWheU be cRQVLdeUed aQ LPSRUWaQW cRPSRQeQW LQ a fXWXUe PXOWLPRdaO V\VWeP.

6.1.3 CRgQLWLYe GaPe SWUaWegLeV
OZLQg WR Whe cRPSOe[LW\ Rf Whe fL[aWLRQ-Vaccade SaWWeUQV Rf behaYLRXU LW ZaV cRQVLdeUed WhaW Whe

PRVW aSSURSULaWe PeWhRd fRU cOaVVLf\LQg VWUaWegLeV ZRXOd be WhURXgh LQWeU-UaWeU cRdLQg. EYeQ Lf

WheUe ZaV a dLffeUeQce beWZeeQ PRVW Rf Whe VXbMecWV' XVe Rf VWUaWegLeV, a geQeUaO WUeQd cRXOd be

LdeQWLfLed ZheUe PV VeePed WR be PRUe cRUUeOaWed WR hLgheU SeUfRUPaQce WhaQ VeTXeQce fROORZLQg

(FV). IQ Whe PV VWUaWeg\ VXbMecWV fL[aWed WheLU ga]e RQ a VPaOOeU aUea (RQO\ a fUagPeQW Rf Whe eQWLUe

gULd, VXch aV a 2[2 dRWV, WhLV VWUaWeg\ VeePed WR be PaLQO\ cRUUeOaWed ZLWh beWWeU SeUfRUPaQce. The

RWheU VWUaWeg\, FV, RQ Whe RWheU haQd fROORZed Whe VeTXeQce ZLWh Whe e\e PRYePeQWV, UeVXOWLQg LQ a

ga]e cRQVWaQWO\ PRYLQg bacN aQd fRUWh RYeU Whe eQWLUe gaPe gULd. The UeaVRQ Zh\ SeULSheUaO

YLVLRQ b\ fL[aWLQg RQ VPaOOeU aUeaV VeePV WR be Whe PRVW effecWLYe Za\ fRU PePRULVLQg Whe

SRVLWLRQV Rf VWLPXOL PLghW be becaXVe Rf UedXced faWLgXe aQd cRgQLWLYe ORad. CRQVWaQWO\ fROORZLQg

Whe VeTXeQce PLghW Oead WR cRQfXVLRQ, VWUeVV aQd UedXced SeUfRUPaQce RYeU WLPe. The LPSOLcaWLRQV

Rf WheVe UeVXOWV aUe PaLQO\ hRZ Whe\ cRQWULbXWe WR LQcUeaVed XQdeUVWaQdLQg Rf cRgQLWLYe VWUaWegLeV

cRUUeOaWed ZLWh PePRU\ aQd OeaUQLQg aQd Whe\ PLghW SURYe heOSfXO WR heOS fXWXUe VXbMecWV SeUfRUP

ZeOO, VWa\ eQgaged aQd LPSURYe OeaUQLQg aOVR dXULQg SRVVLbOe cOLQLcaO LQWeUYeQWLRQV. HRZeYeU, Whe

UeVXOWV RQO\ VhRZ a WUeQd aQd WheUe LV VWLOO a QRWeZRUWh\ YaULaWLRQ beWZeeQ VXbMecWV. FXWXUe VWXdLeV

VhRXOd fLQd a Za\ WR TXaQWLf\ Whe cRgQLWLYe VWUaWegLeV b\ caOcXOaWLQg Whe QXPbeU Rf ga]e fL[aWLRQV

RYeU each bORcN aQd OeYeO Rf Whe gaPe. The QXPbeU Rf fL[aWLRQV caQ WheQ be aQaO\Ved

TXaQWLWaWLYeO\ WRgeWheU ZLWh a PeaVXUe Rf gaPe SeUfRUPaQce WR deWeUPLQe Lf WheUe LV a VLgQLfLcaQW

cRUUeOaWLRQ beWZeeQ ga]e fL[aWLRQV (PV) aQd PePRU\ SeUfRUPaQce. The cRgQLWLYe VWUaWegLeV aUe

cXUUeQWO\ a ZRUNLQg h\SRWheVLV aQd b\ cRQWLQXLQg WhLV UeVeaUch Ze hRSe WR be abOe WR dUaZ PRUe

VSecLfLc cRQcOXVLRQV UegaUdLQg WheLU LPSRUWaQce ZLWh UeVSecW WR OeaUQLQg.
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6.2 Method & Equipment

LLPLWaWLRQV Rf Whe PeWhRdRORg\ aUe dLVcXVVed ZLWh UeVSecW WR cRPSRQeQWV Rf Whe VeWXS WhaW PLghW

haYe LQWeUfeUed ZLWh Whe UeVXOWV aQd VXggeVWLRQV aUe Pade fRU fXWXUe adMXVWPeQWV Rf WhRVe

cRPSRQeQWV. The e[SeULPeQW ZaV cRQdXcWed LQ a cRQWUROOed VeWWLQg ZLWh Whe VaPe VeWXS fRU each

SaUWLcLSaQW, LQ aQ LQdeSeQdeQW gURXS deVLgQ. TR accRXQW fRU Whe SRWeQWLaO LQdLYLdXaO dLffeUeQceV

beWZeeQ VXbMecWV LW ZRXOd be Rf LQWeUeVW WR UeSOLcaWe Whe VWXd\ aV a ZLWhLQ-gURXSV deVLgQ WR YaOLdaWe

Whe UeVXOWV, aQd WR geQeUaWe LQdLYLdXaO OeaUQLQg cXUYeV fRU Whe dLffeUeQW cRQdLWLRQV UeVSecWLYeO\.

6.2.1 ETXLSPeQW
WheQ aQaO\VLQg Whe LMRWLRQV daWa LW ZaV fRXQd WhaW Whe SPaUWe\e AI-X e\e-WUacNeU ZaV QRWabO\

VeQVLWLYe WR PRYePeQW, aQd ZheQ SaUWLcLSaQWV chaQged WheLU SRVLWLRQ dXULQg Whe bUeaNV LW Oed WR

VRPe e\e PRYePeQWV QRW beLQg deWecWed. IW ZaV aOVR VeQVLWLYe WR Whe aQgOe Rf Whe face, Lf a

SaUWLcLSaQW ZeUe WR WLOW WheLU head Whe daWa beLQg cROOecWed ZeUe QR ORQgeU aV YaOXabOe. HRZeYeU,

PRVW Rf Whe e\e-WUacNLQg UecRUdLQgV ZeUe adeTXaWe aQd deePed aV UeOLabOe fRU aQaO\VLV.

AV PeQWLRQed LQ VecWLRQ 4.2 EqXipment, LMRWLRQV cRQWaLQV a FacLaO E[SUeVVLRQ AQaO\VLV (FEA).

The SXUSRVe Rf XVLQg FEA ZaV WR gaLQ LQVLghW Lf SaUWLcLSaQWV¶ e[SOLcLWO\ e[SUeVVed ePRWLRQV LQ

UegaUd WR Whe gaPe aQd Whe SDK, WR fXUWheU aQaO\Ve hRZ Whe YaULabOeV Pa\ haYe affecWed Whe

SaUWLcLSaQWV ePRWLRQaOO\. HRZeYeU, VROeO\ XVLQg a FEA PLghW QRW be a UeOLabOe VRXUce dXe WR Whe

OacN Rf abLOLW\ WR dLffeUeQWLaWe beWZeeQ VLPLOaU ePRWLRQV. TR e[ePSOLf\, Lf a SaUWLcLSaQW OaXghed LQ

fUXVWUaWLRQ, Whe FEA UegaUded WhaW aV MR\, eYeQ WhRXgh LW PLghW haYe beeQ a dLffeUeQW ePRWLRQ.

FXUWheUPRUe, dLffeUeQW face chaUacWeULVWLcV aQd VhaSeV, VXch aV haYLQg dRZQ-WXUQed OLSV ZeUe

VRPeWLPeV cOaVVLfLed aV aQgeU eYeQ WhRXgh LQdLYLdXaO caOLbUaWLRQV ZeUe Pade . TR be abOe WR

e[WUacW YaOLd daWa fURP Whe FEA, LW LV eVVeQWLaO WR haYe eTXLSPeQW WhaW caQ YaOLdaWe Whe ePRWLRQV,

fRU e[aPSOe gaOYaQLc VNLQ VeQVRUV WhaW caQ caOcXOaWe Whe aURXVaO Rf Whe SaUWLcLSaQWV LQ UegaUd WR

VWLPXOL aQd LQ geQeUaO. TheUefRUe, LW LV VXggeVWed WR XVe fXUWheU eTXLSPeQW WhaW caQ VXSSRUW aQd

YaOLdaWe Whe daWa fURP a FEA aQd WR haYe a PRUe PXOWLPRdeO aSSURach WR PeaVXUe aQd LQWeUSUeW

VXbMecWV¶ ePRWLRQ. BecaXVe Whe FEA daWa cRQWaLQed Whe abRYe PeQWLRQed OLPLWaWLRQV Whe\ ZeUe QRW

XVed LQ Whe TXaOLWaWLYe aQaO\VLV LQ WhLV VWXd\, hRZeYeU, fXWXUe VWXdLeV PLghW cRPSaUe WheP ZLWh Whe

34



SAM-VcaOe daWa WR fLQd SRWeQWLaO ePRWLRQaO SaWWeUQV UeOaWLQg WR eQgagePeQW aQd gaPe aQd PePRU\

SeUfRUPaQce.

6.2.2 TTT BRRVWeU GaPe
AV PeQWLRQed LQ VecWLRQ 4.2.2, Whe WhLUd OeYeO cRQWaLQed 4 dLffeUeQW UeVSRQVe RSWLRQV ZhLch ZeUe

SRVLWLRQed aW Whe VaPe SOaceV each WULaO. ThLV cRXOd SRWeQWLaOO\ haYe Oed WR Whe DOE dLVaSSeaULQg

fRU VRPe SaUWLcLSaQWV LQ Whe DOT cRQdLWLRQ, dXe WR fRcXVLQg RQ Whe SaWWeUQ Rf Whe UeVSRQVe RSWLRQV,

LQVWead Rf Whe UeZaUdV, aQd WheUefRUe SRWeQWLaOO\ LQWeUfeULQg ZLWh Whe UeVXOWV. ThLV cRXOd aOVR haYe

beeQ a UeaVRQ fRU VRPe SaUWLcLSaQWV SeUfRUPLQg ZeOO LQ Whe NDOT cRQdLWLRQ; LQVWead Rf fRcXVLQg

RQ VeTXeQce Rf VWLPXOL, Whe SaUWLcLSaQWV Pa\ haYe VWaUWed WR fRcXV RQ Whe dLffeUeQW aQWLcLSaWed

SRVLWLRQV Rf Whe UeVSRQVe RSWLRQV. OQe SRVVLbOe VXggeVWLRQ WR eOLPLQaWe VXch cRQfRXQdLQgV LV WR

QRW UaQdRPLVe Whe UeVSRQVe RSWLRQV RYeU Whe ZhROe gaPe VSace, bXW WR UeVWULcW Whe UeVSRQVe RSWLRQV

WR dLffeUeQW SOaceV, fRU e[aPSOe Whe fRXU cRUQeUV. The UeVSRQVe RSWLRQV ZRXOd LQ WhaW caVe be PRUe

VSUead RXW, aQd LW ZRXOd be PRUe dLffLcXOW WR Vee a SaWWeUQ LQ Whe UeVSRQVe RSWLRQV.

FXUWheUPRUe, Whe RXWcRPeV (UeZaUdV) Rf Whe gaPe cRXOd haYe beeQ eYeQ PRUe dLffeUeQWLaO WR

fXUWheU LQcUeaVe Whe DOE aQd WR SRVVLbO\ LQYeVWLgaWe Whe SeUfRUPaQce dLffeUeQce accRUdLQg WR

dLffeUeQW OeYeOV Rf dLffeUeQWLaO RXWcRPeV. IQ Whe gaPe WheUe ZeUe fRXU dLffeUeQW RXWcRPeV: 1 cRLQ, 3

cRLQV, 1 dLaPRQd aQd 3 dLaPRQdV. BecaXVe Rf Whe VLPLOaULW\ beWZeeQ Whe cRLQV aQd dLaPRQdV, LW

cRXOd haYe beeQ SeUceLYed aV RQO\ WZR UeZaUdV ZLWh fRXU dLffeUeQW YaOXeV b\ Whe VXbMecWV. IW LV

VXggeVWed WR XVe PRUe dLffeUeQWLaO RXWcRPeV, SeUhaSV PRUe abVWUacW RU eYeQ PeaQLQgfXO (VXch aV

RbMecWV ZLWh geQeUaO ePRWLRQaO YaOXeV), RU eYeQ add aQ e[WUa UeZaUd Lf Whe SaUWLcLSaQW SeUfRUPV

YeU\ ZeOO. SXch aQ addLWLRQ PLghW eQhaQce Whe feeOLQg WhaW Whe UeZaUdV PaNe a PeaQLQgfXO

dLffeUeQce WR gLYe Whe SaUWLcLSaQWV LQ Whe DOT cRQdLWLRQ Whe SRVVLbLOLW\ WR eaVLO\ aVVRcLaWe Whe

UeVSRQVe RSWLRQV ZLWh WheLU RXWcRPeV.

AddLWLRQaOO\, LW Pa\ be Rf LQWeUeVW WR PaNe Whe gaPe VSace VPaOOeU, fURP 5[5 WR a 4[4 gULd WR

hLghOLghW Whe cRUQeUV Rf Whe gaPe. The UeVXOWV VXggeVW WhaW Whe gaPe LV VRPeZhaW dLffLcXOW fRU

ceUWaLQ VXbMecWV aQd fXWXUe LQWeUYeQWLRQV VhRXOd cRQVLdeU adMXVWLQg Whe chaOOeQge QRW MXVW WhURXgh

Whe OeYeOV bXW aOVR b\ chaQgLQg SaUaPeWeUV VXch aV Whe VL]e Rf Whe gULd. MLQLPLVLQg Whe gaPe VSace

LV Rf LQWeUeVW fRU LQWeUYeQWLRQV ZLWh SeRSOe ZLWh MCI WhaW PLghW QRW be aV aOeUW aV \RXQg, heaOWh\

adXOWV. The gaPe LV Pade WR haYe chaQgeabOe SaUaPeWeUV VXch aV VSace, chaOOeQge OeYeO, QXPbeU Rf
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dLVWUacWRUV aQd VR RQ, aOORZLQg fRU adMXVWPeQWV, fLQe-WXQLQg aQd SeUVRQaOLVaWLRQ Rf Whe gaPe WhaW

PLghW SURYe beQefLcLaO fRU fXWXUe LQWeUYeQWLRQV. EYeQ WhRXgh SRWeQWLaO OLPLWaWLRQV cRXOd be

LdeQWLfLed, Whe UeVXOWV LQ WhLV e[SeULPeQW aUe deePed WR be UeOLabOe LQ WeUPV Rf PeaVXUePeQWV Rf Whe

deSeQdeQW YaULabOe, bXW afWeU adMXVWPeQWV, fXWXUe VWXdLeV PLghW fLQd VWURQgeU/addLWLRQaO VXSSRUW Rf

Whe h\SRWheVeV.

6.2.3 FeedbacN fURP FXUhaW
The FXUhaW URbRW aQd SDK aUe adaSWabOe aQd abOe WR be SUe-SURgUaPPed LQ dLYeUVe chaUacWeULVWLcV

aQd gLYe dLffeUeQW W\SeV Rf feedbacN deSeQdLQg RQ RXWcRPeV Rf Whe gaPe, SeUfRUPaQce Rf Whe

VXbMecW aQd/RU Whe ePRWLRQaO VWaWe Rf Whe VXbMecW; PeaQLQg LW caQ be Pade WR LPSOePeQW DOT

V\VWePaWLcaOO\. ThLV aOORZV fRU SUecLVe PRQLWRULQg Rf Whe LPSOePeQWaWLRQ Rf DOT RQ OeaUQLQg aV

ZeOO aV adaSWaWLRQ Rf Whe feedbacN baVed RQ SaUWLcLSaQW QeedV. EYeQ WhRXgh Whe URbRW/SDK LQ WhLV

VWXd\ ZaV QRQ-LQWeUacWLYe, PeaQLQg Whe cRQYeUVaWLRQ ZaV RQe-Za\ RQO\, LW LV VWLOO caSabOe Rf

SURYLdLQg LQVLghWV Rf LWV SRVVLbOe LQfOXeQce aV aQ aVVLVWLYe SaUWQeU RQ OeaUQLQg aQd caQ be

LPSOePeQWed ZLWh aQ LQWeUacWLYe QaWXUe LQ fXWXUe LQWeUYeQWLRQV Rf Whe VeWXS. PRVVLbOe cULWLTXe WR XVe

aQ LQWeUacWLYe URbRW VXggeVWV WhaW a SUe-UecRUded hXPaQ cRXOd gLYe Whe VaPe W\Se Rf feedbacN aQd

VRcLaO SUeVeQce effecW aQd WhaW WheUefRUe Whe XVe Rf a URbRW LV QRW QeceVVaU\. HRZeYeU, WheUe aUe

VeYeUaO UeaVRQV fRU XVLQg aQ LQWeUacWLYe URbRW LQVWead Rf a SUe-UecRUded hXPaQ beLQg dLVSOa\ed RQ

a VcUeeQ RU gLYLQg feedbacN LQ UeaO OLfe. FRU LQVWaQce, dXe WR (1) Whe hXPaQ facWRU Rf PaNLQg a

PLVWaNe LQ UeaO OLfe aQd QRW gLYLQg Whe VaPe UeVSRQVe fRU each SaUWLcLSaQW, aQd (2) Whe XQcaQQLQeVV

Rf a hXPaQ YRcaOLVLQg Whe VaPe ShUaVeV RYeU aQd RYeU agaLQ. FXUWheUPRUe, aV a fXWXUe cOLQLcaO

LQWeUYeQWLRQ, Whe URbRW RU Whe VLPXOaWRU caQ be LPSOePeQWed RQ a bLg VcaOe aQd be acceVVLbOe WR

PRUe, cRQWaPLQaWLRQ fUee WUeaWPeQWV aQd SRVVLbO\ eYeQ cRPSOeWeO\ ZLWhRXW a cOLQLcLaQ, WheUefRUe

aOORZLQg fRU e[WeQVLYe WUeaWPeQWV aYaLOabOe fRU PRUe SeRSOe aQd PeeWLQg Whe QeedV Rf a hLgheU

dePaQd fRU dePeQWLa WUeaWPeQWV.

The UeVXOWV VXggeVW WhaW Whe SaUWLcLSaQWV ZhR ZeUe accRPSaQLed b\ Whe SDK (aQd a SRWeQWLaO

VLPLOaU effecW ZLWh Whe ePbRdLed URbRW) had a hLgheU accXUac\ LQ SeUfRUPaQce ZheQ LQ Whe DOT

SDK cRQdLWLRQ, cRPSaUed WR WhRVe LQ Whe cRQWURO cRQdLWLRQ, eYeQ Lf Whe LQWeUacWLRQ effecW ZaV QRW

VLgQLfLcaQW, a WUeQd WRZaUdV VXch aQ effecW cRXOd be RbVeUYed. HRZeYeU, LW LV VWLOO XQceUWaLQ Lf LW LV a

VRcLaO SUeVeQce effecW WhaW PaNeV Whe SaUWLcLSaQW SeUfRUP beWWeU, ZLWh Whe feeOLQg Rf beLQg
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PRQLWRUed RU MXdged, RU Lf LW LV RQO\ Whe YRcaO feedbacN WhaW UeLQfRUceV Whe UeZaUdV aQd

hLghOLghWLQg ZheQ Whe SaUWLcLSaQW LV dRLQg ZeOO. A OLPLWaWLRQ Rf WhLV VWXd\ LV WR QRW be abOe WR

dLffeUeQWLaWe beWZeeQ Whe SRWeQWLaO VRXUce Rf effecW Whe SDK gLYeV ULVe WR, WhLV caQ be fXUWheU

LQYeVWLgaWed LQ fXWXUe VWXdLeV Rf Whe VeWXS. IW LV SRVVLbOe bRWh Rf WheVe effecWV ZLOO be LQcUeaVed b\

XVLQg Whe FXUhaW URbRW cRPSaUed WR Whe SDK, VLQce LW PLghW be SeUceLYed PRUe aV a VRcLaO eQWLW\

aQd WaNe XS PRUe VSace LQ Whe VeWXS WhaQ VLPSO\ Whe URbRW beLQg dLVSOa\ed RQ Whe VcUeeQ. HRZeYeU,

Lf Whe dLffeUeQce LV QRW bLg beWZeeQ Whe SDK aQd Whe FXUhaW, WhLV LPSOLeV WhaW Whe SDK cRXOd be a

VXLWabOe RSWLRQ WR UeSOace RU cRPSOePeQW cOLQLcaO LQWeUYeQWLRQV ZLWh Whe URbRW, WheUefRUe aOORZLQg

fRU PRUe acceVVLbOe feedbacN Lf RQO\ a VcUeeQ LV Qeeded WR VeW XS Whe feedbacN V\VWeP. ThLV cRXOd

aOORZ fRU SDK LQWeUYeQWLRQV LQ hRPe VeWWLQgV ZheUe Whe ePbRdLed URbRW cRXOd be dLffLcXOW WR

LPSOePeQW.

6.3 Implications
The PaLQ LPSOLcaWLRQV Rf WhLV VWXd\ LV Whe SRWeQWLaO effecWLYe cRPbLQaWLRQ Rf DOT aQd UeceLYLQg

YRcaO feedbacN fURP a hXPaQRLd URbRW RQ LPSURYLQg OeaUQLQg aQd PePRU\ SeUfRUPaQce. ThLV

fLQdLQg caQ be beQefLcLaO fRU fXWXUe cOLQLcaO LQWeUYeQWLRQ YeUVLRQV Rf Whe VeWXS XVed LQ WhLV VWXd\ fRU

SaWLeQWV VXffeULQg fURP dePeQWLa aQd MCI. AddLWLRQaOO\, Whe cRgQLWLYe VWUaWegLeV LdeQWLfLed ZLWh

Whe e\e WUacNLQg daWa cRXOd be TXaQWLfLed aQd WRgeWheU ZLWh Whe SeUfRUPaQce daWa SURYLde

LQVLghWfXO NQRZOedge RQ cRgQLWLYe VWUaWegLeV UeOaWed WR OeaUQLQg. ThLV LV UeOeYaQW QRW RQO\ WR

UeVeaUch abRXW OeaUQLQg LQ dLffeUeQW cRQWe[WV bXW aOVR fRU LPSOePeQWaWLRQ XVLQg VLPLOaU aSSURacheV.

The daWa cROOecWed LQ Whe SDK cRQdLWLRQ aQd Whe feZ ZhR SaUWRRN LQ Whe FXUhaW cRQdLWLRQ LV Rf

LQWeUeVW dXe WR VhRZLQg VLPLOaU UeVXOWV, ZhLch hLQWV WhaW a fXWXUe LPSOePeQWaWLRQ Rf eLWheU RU bRWh

caQ be Rf XVe LQ cOLQLcaO aQd caVXaO VeWWLQgV. WLWh Whe fXWXUe VWXd\ Rf Whe FXUhaW cRQdLWLRQ WhLV caQ

be Rf YaOXe fRU LQcUeaVed acceVVLbLOLW\ Rf PePRU\ WUaLQLQg URbRW aVVLVWaQce, LQ hRPe VeWWLQgV aQd

SRVVLbO\ aOVR LQ a PRbLOe YeUVLRQ. The dLgLWaOLVed YLVXRVSaWLaO gaPe XVed LQ WhLV VWXd\ SURYed WR be

aQ aSSURSULaWe PedLXP fRU cUeaWLQg a DOE LQ VXbMecWV, LPSO\LQg WhaW Whe fRUPaW aQd cRPSRQeQWV

Rf Whe gaPe caQ be fXUWheU XWLOLVed LQ VLPLOaU VeWWLQgV. The dLffeUeQW SaUaPeWeUV Rf Whe eQWLUe

VeWWLQg, LQcOXdLQg Whe gaPe, Whe SDK/URbRW aQd Whe DOT aUe aOO VcaOabOe aQd adMXVWabOe, ZhLch LV
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Rf gUeaW LPSRUWaQce WR aOORZ fRU SeUVRQaOL]aWLRQ aQd adMXVWPeQWV WR fXWXUe VSecLfLc QeedV aQd

cRQWe[WV, LQcOXdLQg SaWLeQWV fURP PLOd MCI WR VeYeUe dePeQWLa VXch aV AD.

6.4 Further studies
FRU fXUWheU VWXdLeV aQd LQWeUYeQWLRQV LW LV VXggeVWed WR NeeS LQYeVWLgaWLQg dLffeUeQW aVSecWV Rf Whe

VeWXS WR LPSURYe aQd SURYLde LQVLghWV Rf LWV YaULRXV cRPSRQeQWV. SLQce Whe ePbRdLed URbRW

cRQdLWLRQ LQ WhLV VWXd\ ZaV caQceOOed Whe fLUVW SULRULW\ ZRXOd be WR LQYeVWLgaWe aQd cRPSaUe Whe

cRQWURO, SDK aQd ePbRdLed FXUhaW cRQdLWLRQV WR deWeUPLQe hRZ VRcLaO SUeVeQce effecW, feedbacN

aQd SeUfRUPaQce LV affecWed b\ UeceLYLQg feedbacN eLWheU fURP aQ ePbRdLed RU VLPXOaWed URbRW.

ThLV LV Rf SaUWLcXOaU LQWeUeVW VLQce fXWXUe LQWeUYeQWLRQV PLghW LQcOXde VLPXOaWed RU PRbLOe YeUVLRQV

Rf Whe VeWXS aQd WR eQVXUe VLPLOaU SRVLWLYe effecWV Rf Whe feedbacN LV eVVeQWLaO fRU VXch aQ

LQWeUYeQWLRQ. AddLWLRQaOO\, LW ZRXOd be Rf LQWeUeVW WR cRQWLQXe UeVeaUchLQg Whe aXdLRYLVXaO feedbacN

LQ PRUe deWaLO aQd Whe VSecLfLc UROe Rf fRU e[aPSOe YRcaOLVaWLRQ aORQe aV a UeLQfRUceU Rf Whe DOE.

FRU e[aPSOe, WR XVe a QRQ-hXPaQRLd URbRW WR geW a beWWeU XQdeUVWaQdLQg Lf LW LV VROeO\ Whe

YRcaOLVaWLRQV WhaW e[hLbLW Whe DOE RU Lf LW LV becaXVe Rf Whe VRcLaO hXPaQRLd SUeVeQce.

OQe SRWeQWLaO aVSecW WhaW cRXOd be SURPLVLQg WR LQcOXde LQ Whe cRQWe[W Rf a VeWXS VXch aV Whe RQe

SUeVeQWed LQ WhLV VWXd\ LV aQ aOgRULWhP cUeaWed WR PLPLc YRLceV (JLa eW aO., 2019), fRU e[aPSOe a

UeOaWLYe Rf Whe VXbMecW. SXch aQ LQWeUYeQWLRQ cRXOd SURYe WR be SaUWLcXOaUO\ Rf LQWeUeVW fRU SaWLeQWV

ZLWh MCI aQd cRXOd cUeaWe a feeOLQg Rf faPLOLaULW\ aQd OeVV XQcaQQLQeVV ZheQ heaULQg a ZeOO

NQRZQ YRLce.  The LQWeUacWLRQ ZLWh Whe URbRW LQ WhLV VWXd\ ZaV VROeO\ RQe-Za\, PeaQLQg Whe URbRW

gaYe feedbacN WR Whe VXbMecW bXW WheUe ZaV QR WZR-Za\ LQWeUacWLRQ aYaLOabOe. FXWXUe VWXdLeV Rf Whe

VeWXS aUe SURSRVed WR LPSOePeQW a hXPaQ-URbRW LQWeUacWLRQ fUaPeZRUN caOOed ³URbRW LQ Whe ORRS´,

ZheUe a WZR Za\ cRPPXQLcaWLRQ LV aYaLOabOe aV ZeOO aV RWheU aVSecWV. ThLV W\Se Rf VeWXS cRXOd

aOORZ fRU Whe SRVVLbLOLW\ WR cRde ShUaVeV WhaW adaSW WR Whe SaUWLcLSaQWV' SeUfRUPaQce. WRUdV Rf

affLUPaWLRQ cRXOd be added ZheQ beLQg cORVe WR UeachLQg Whe WRS Rf Whe UeZaUd baU, RU ZheQ haYLQg

VeYeUaO LQcRUUecW aQVZeUV LQ a URZ gLYLQg WLSV aQd LW cRXOd be SRVVLbOe fRU Whe SaUWLcLSaQW WR aVN Whe

URbRW TXeVWLRQV abRXW Whe gaPe aQd haYe cRQYeUVaWLRQV ZLWh LW dXULQg Whe bUeaNV. The URbRW cRXOd

aOVR be SURgUaPPed WR SURYLde bacNchaQQeOLQg cXeV (VXch aV QRQ-YeUbaO YRcaOLVaWLRQV (µPhP¶,¶

38



ah-ha¶) YeUbaO e[SUeVVLRQV (µ\ea¶,¶ ULghW¶) RU XVLQg facLaO e[SUeVVLRQV, QRddLQg, UeWXUQLQg VPLOeV)

WR SURPRWe eQgagePeQW aV ZeOO aV SURYLdLQg VRcLaO PRWLYaWLRQaO aQd UeLQfRUcLQg feedbacN,

LQWeUacWLYe gaPe VWaWe aQd UeZaUd feedbacN aQd aOVR PRdXOaWLQg Whe chaOOeQge OeYeO Rf Whe gaPe

baVed RQ SaUWLcLSaQWV' QeedV. BacNchaQQeOLQg cXeV LV Rf SaUWLcXOaU LQWeUeVW aV a Za\ WR LPSURYe

eQgagePeQW aQd cRXOd be UeVeaUched aQd PeaVXUed accRUdLQg WR cRQQecWLRQ eYeQWV aV SUeYLRXVO\

dRQe b\ T�UNeU eW aO. (2017) aW KRo UQLYeUVLW\. The\ haYe aOVR RffeUed WR SURYLde WheLU e[SeUWLVe

aQd PeWhRdRORg\ LQ UegaUd WR WhLV VeWXS aQd fXWXUe VWXdLeV ZLOO WheUefRUe be cRQdXcWed aV a

cROOabRUaWLRQ LQcOXdLQg WheLU e[SeUWLVe LQ HRI aQd bacNchaQQeOLQg.
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7 Conclusion

ThLV SaSeU UeSRUWed Whe UeVXOWV Rf aQ e[SeULPeQWaO VWXd\ VhRZLQg a VLgQLfLcaQW effecW Rf DOT RQ

PePRULVLQg SRVLWLRQV Rf VWLPXOL LQ a dLgLWaOLVed YLVXRVSaWLaO PePRU\ WaVN. IW aOVR addUeVVed hRZ

VLPXOaWed URbRW feedbacN caQ be LQcOXded LQ a VeWXS fRU VXch a WaVN aV a Za\ WR e[hLbLW Whe DOE

aQd WR LQfOXeQce VXbMecWV' affecWLYe eQgagePeQW ZLWh e.g. Whe VRcLaO SUeVeQce effecW. AOWhRXgh WheUe

ZaV QR VWaWLVWLcaOO\ VLgQLfLcaQW LQWeUacWLRQ effecW fRU gaPe SeUfRUPaQce (CR) beWZeeQ Whe

cRPbLQaWLRQ Rf DOT aQd feedbacN fURP a VLPXOaWed URbRW, a WUeQd cRXOd be LdeQWLfLed ZhLch

VhRZed hLgheU accXUac\ LQ Whe DOT SDK gURXS RYeUaOO. The e[SeULPeQW aOVR UeYeaOed aQd

LQYeVWLgaWed VXbMecWLYe affecWLYe e[SeULeQce baVed RQ a cLUcXPSOe[ PRdeO Rf ePRWLRQ, cRgQLWLYe

VWUaWegLeV baVed RQ e\e-WUacNLQg aV ZeOO aV hRZ YaULRXV cRPSRQeQWV Rf Whe gaPe affecWed

SeUfRUPaQce. The affecWLYe daWa fURP Whe SAM-VcaOe UeYeaOed SURPLVLQg UeVXOWV RQ hRZ Whe SDK

had a SRVLWLYe LQfOXeQce RQ SaUWLcLSaQWV affecWLYe eQgagePeQW LQ Whe DOT cRQdLWLRQ, aQ LPSRUWaQW

cRPSRQeQW LQ Whe VeWXS. The LPSOLcaWLRQV Rf Whe VWXd\ LV PaLQO\ LQ WeUPV Rf hRZ Whe cRPbLQaWLRQ

Rf DOT aQd VLPXOaWed URbRW feedbacN PLghW SURYe SURPLVLQg fRU effecWLYLVLQg aQd LPSURYLQg

OeaUQLQg aQd PePRU\ SeUfRUPaQce RQ YLVXRVSaWLaO gaPLfLed PePRU\ WaVNV. ThLV LV Rf LQWeUeVW dXe

WR aQ LQcUeaVLQg dePaQd fRU WUeaWPeQWV fRU PePRU\ ORVV VXch aV dePeQWLa RU MCI. WLWh aQ

LQcUeaVLQgO\ ageLQg SRSXOaWLRQ aV ZeOO aV aQ RQgRLQg SaQdePLc, dLgLWaOLVed PePRU\ WUaLQLQg ZLWh

DOT cRPbLQed ZLWh VRcLaO ePbRdLed URbRWV cRXOd SURYe LPSRUWaQW WR aVVLVW SaWLeQWV WhaW Pa\ be

hRPebRXQd RU haYLQg UedXced PRbLOLW\. FXWXUe UeVeaUch LV VXggeVWed WR LQYeVWLgaWe SeUfRUPaQce

dLffeUeQceV Rf LPSOePeQWLQg ePbRdLed cRPSaUed WR VLPXOaWed URbRWV aV ZeOO aV PRbLOe YeUVLRQV Rf

Whe VeWXS, aV ZeOO aV LQYeVWLgaWLQg Whe VSecLfLc UROe Rf aXdLRYLVXaO feedbacN aQd WZR-Za\ HRI ZLWh

bacNchaQQeOLQg cXeV.
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Appendices

Appendix 1: Furhat indications

Table 9

Mean accXrac\ FXrhat embodied condition (7 participants): Percent

correct responses (SD)

CRQdLWLRQ LeYeO 1 LeYeO 2 LeYeO 3 TRWaO

DOT 87.33 (11.15) 66.67 (10.97) 69.33 (19.63) 74.44 (13.84)

NDOT 78.25 (12.84) 62.25 (11.33) 50.00 (14.63) 63.50 (11.74)

MeaQ accXUac\ Rf CR fRU Whe cRQdLWLRQ ZLWh Whe ePbRdLed FXUhaW URbRW ZeUe aOVR caOcXOaWed

aQd fROORZed Whe VaPe WUeQd aV Whe SDK (DOT M = 74.44, SD = (13.84)) aQd (NDOT M =

63.50, SD = (11.74)), bXW becaXVe Whe e[SeULPeQWV ZLWh Whe URbRW ZeUe LQWeUUXSWed Whe daWa

ZaV QRW XVed LQ Whe aQaO\VLV.



Appendix 2: Written consent form

AJUHHPHQW RQ SaUWLFLSaWLRQ / FRQVHQW IRUP

TKH XQGHUVLJQHG aSSURYHV SaUWLFLSaWLRQ LQ WKH H[SHULPHQW FRQGXFWHG b\ AOYa MaUNHOLXV aQG SRILa SM|bHUJ
IRU WKHLU baFKHORU WKHVLV VXSHUYLVHG b\ RRbHUW LRZH aQG BaKUaP SaOaPaW RaYaQGL aW WKH DHSaUWPHQW RI
ASSOLHG IT, UQLYHUVLW\ RI GRWKHQbXUJ. TKH SXUSRVH RI WKH VWXG\ LV WR FRQGXFW UHVHaUFK FRQFHUQLQJ
KXPaQ/URbRW LQWHUaFWLRQ aQG WKH H[SHULPHQW LV SaUW RI WKH STINT SURMHFW EQgagLQg HXPaQV ZLWh MePRU\
LRVV LQ GaPLfLed MePRU\ TUaLQLQg Z/ Whe XVe Rf HXPaQRLd RRbRWV.

POHaVH UHaG WKH IROORZLQJ OLVW FaUHIXOO\ aQG VLJQ WKH GRFXPHQW WR FRQVHQW ZLWK WKH IROORZLQJ VWaWHPHQWV:

1. I aJUHH WKaW WKH XVH RI P\ GaWa ZLOO bH aQRQ\PRXV aQG XVHG IRU GaWa FROOHFWLRQ aQG UHVHaUFK aW
UQLYHUVLW\ RI GRWKHQbXUJ, aFFRUGLQJ WR GDPR OaZ IRU UHVHaUFK, VHH FKaSWHU 4, 3�, LQ LaZ
2018:218.

2. I XQGHUVWaQG WKaW GXULQJ WKH H[SHULPHQW LMRWLRQV VRIWZaUH ZLOO bH XVHG WR UHFRUG YLGHR aQG aXGLR
GaWa RI P\ IaFH aQG YRLFH. TKH YLGHR ZLOO bH aQaO\]HG VROHO\ b\ MaUNHOLXV aQG SM|bHUJ aQG WKHLU
VXSHUYLVRUV, P\ LGHQWLW\ ZLOO UHPaLQ aQRQ\PRXV.

3. AIWHU WKH H[SHULPHQW LV FRPSOHWHG, I aJUHH RQ QRW WHOOLQJ aQ\RQH ZKaW ZaV GRQH RU WKH SXUSRVH
RI WKH VWXG\ XQWLO WKH WKHVLV LV SXbOLVKHG.

4. I XQGHUVWaQG WKaW P\ SaUWLFLSaWLRQ LQ WKH UHVHaUFK LV FRPSOHWHO\ YROXQWaU\ aQG WKaW I Pa\ FKRRVH
WR VWRS SaUWLFLSaWLQJ aW aQ\ WLPH. M\ GHFLVLRQ WR VWRS SaUWLFLSaWLQJ, RU WR UHIXVH WR aQVZHU
SaUWLFXOaU TXHVWLRQV, ZLOO QRW aIIHFW P\ UHOaWLRQVKLS ZLWK WKH UHVHaUFKHUV, UQLYHUVLW\ RI
GRWKHQbXUJ, RU aQ\ RWKHU JURXS aVVRFLaWHG ZLWK WKLV SURMHFW. IQ WKH HYHQW WKaW I ZLWKGUaZ IURP
WKH VWXG\, aOO aVVRFLaWHG GaWa FROOHFWHG ZLOO LPPHGLaWHO\ bH GHOHWHG ZKHUHYHU SRVVLbOH.

II \RX KaYH TXHVWLRQV abRXW WKH UHVHaUFK LQ JHQHUaO, KRZ \RXU GaWa LV FROOHFWHG aQG VWRUHG RU \RXU UROH LQ
WKH VWXG\, \RX FaQ FRQWaFW WKH UHVHaUFKHUV AOYa MaUNHOLXV: JXVPaUNHaO@VWXGHQW.JX.VH RU SRILa SM|bHUJ
JXVVMRVRM@VWXGHQW.JX.VH, RU WKHLU VXSHUYLVRU RRbHUW LRZH URbHUW.ORZH@aLW.JX.VH.

_____________________________                            _______________________________
SLJQaWXUH                                                                       DaWH

_____________________________
NaPH



Appendix 3: Pictures of the set-up



FLUVW SLcWXUe: SeW XS ZLWh Whe FXUhaW RRbRW

SecRQd SLcWXUe: SeW XS ZLWh Whe FXUhaW SDK

ThLUd SLcWXUe: SeW XS fRU Whe cRQWURO gURXS



Appendix 4: TTT Booster game visualisation

SWaUWLQg Sage:

VLVXaOLVaWLRQ Rf VWLPXOL:



ReVSRQVe RSWLRQV:

E[aPSOeV Rf UeZaUdV ZheQ geWWLQg a cRUUecW aQVZeU:

The dLffeUeQW UeZaUdV WhaW ZaV SRVVLbOe WR UeceLYe:



Appendix 5: Task instructions

EngliVh YerVion:

IQ WhLV e[SeULPeQW, \RX ZLOO SOa\ a gaPe ZheUe \RX haYe WR PePRUL]e a VeTXeQce Rf VWLPXOL.

- The gaPe LV a gULd Rf URXQd ceOOV, dXULQg Whe gaPe a VeTXeQce Rf LOOXPLQaWLQg ZhLWe

ceOOV/VWLPXOL ZLOO aSSeaU RQ Whe gULd. TU\ WR PePRUL]e Whe SRVLWLRQ Rf Whe WHITE ceOOV.

- OWheU cRORXUed ceOOV/VWLPXOL ZLOO aOVR aSSeaU, aQd Lf BLUE, SUeVV Whe SPACEBAR

LPPedLaWeO\.

- AfWeU Whe VeTXeQce LV dRQe, \RX ZLOO be SUeVeQWed ZLWh dLffeUeQW UeVSRQVe RSWLRQV, aQd

\RX ZLOO haYe WR chRRVe ZhLch a ZhLWe ceOO ZaV SUeVeQWed RQ, LQ Whe SUeYLRXV

VeTXeQce. NRWe: TheUe LV RQO\ RQe cRUUecW RSWLRQ aQd \RX ZLOO haYe 5 VecRQdV WR gLYe

\RXU UeVSRQVe.

- TheUe LV a UeZaUd baU RQ Whe OefW, Lf \RX fLOO LW XS eQRXgh WLPeV, FXUhaW (or, if the

participant is in the control groXp: the e[periment leader) ZLOO decLde Lf \RX ZLOO geW a

SUL]e (baVed RQ \RXU eQgagePeQW aQd SeUfRUPaQce).

- The gaPe haV WhUee chaOOeQge OeYeOV, afWeU \RX haYe cRPSOeWed a OeYeO, \RX ZLOO

aQVZeU a feZ TXeVWLRQV RQ a VcaOe abRXW \RXU cXUUeQW ePRWLRQaO VWaWe LQ UegaUd WR Whe

gaPe.

- If \RX haYe aQ\ TXeVWLRQV, \RX Pa\ aVN WheP QRZ, RU ZheQ Whe e[SeULPeQW LV dRQe.

POeaVe WU\ WR QRW aVN aQ\ TXeVWLRQV dXULQg Whe e[SeULPeQW.



SZediVh YerVion:

VlONRPPeQ!

DeWWa e[SeULPeQW gnU XW Sn aWW VSeOa eWW VSeO, dlU dX NRPPeU aWW beh|Ya PePRUeUa VeNYeQVeU
aY VWLPXOL

- SSeOaW XWf|UV Sn eWW UXWQlW aY UXQda ceOOeU. UQdeU VSeOeW NRPPeU eQ VeNYeQV aY YLWa
ceOOeU/VWLPXOL aWW YLVaV Sn UXWQlWeW. F|UV|N aWW PePRUeUa SRVLWLRQeQ aY de VITA
ceOOeUQa.

- SWLPXOL Ped aQdUa flUgeU NRPPeU RcNVn aWW YLVaV, RP dX VeU eWW BLcTT VWLPXOL, WU\cN
Sn MELLANSLAGSTANGENTEN dLUeNW.

- EfWeU aWW VeNYeQVeQ lU NOaU NRPPeU dX aWW fn ROLNa VYaUVaOWeUQaWLY L fRUP aY gUn
fUaPVWneQde ceOOeU. DX PnVWe YlOMa YLONeQ aY deVVa VRP eQ YLW ceOO SUeVeQWeUadeV XQdeU
VeNYeQVeQ dX Q\VV Vng geQRP aWW WU\cNa Ped PXVSeNaUeQ Sn ³UlWW´ ceOO. ObVeUYeUa aWW
eQdaVW eWW aY VYaUVaOWeUQaWLYeQ YaU SUeVeQWeUaW L VeNYeQVeQ. DX haU 5 VeNXQdeU Sn aWW ge
dLWW VYaU.

- TLOO YlQVWeU RP UXWQlWeW fLQQV deW eQ ³UeZaUd baU´, VRP YLVaU dLQa fUaPVWeg. OP dX
f\OOeU XSS deQQa WLOOUlcNOLgW PnQga gnQgeU, NRPPeU FXUhaW (eOOeU e[SeULPeQWOedaUeQ L
NRQWUROOgUXSSeQ) aWW beVWlPPa RP dX fnU eWW SULV (baVeUaW Sn dLQ SUeVWaWLRQ Rch
eQgagePaQg)

- SSeOeW haU WUe VYnULgheWVQLYneU. EfWeU YaUMe QLYn dX fXOOf|OMW, NRPPeU dX aWW fn f\OOa L eQ
VNaOa aQgneQde dLWW QXYaUaQde ePRWLRQeOOa WLOOVWnQd geQWePRW VSeOeW Rch dX NRPPeU fn
Wa eQ NRUW SaXV LQQaQ QlVWa QLYn.

- OP dX haU QngUa fUngRU, VWlOO deP glUQa QX eOOeU efWeU aWW e[SeULPeQWeW lU NOaU. VaU gRd
f|UV|N aWW LQWe VWlOOa fUngRU XQdeU e[SeULPeQWeWV gnQg.

L\cNa WLOO!



Appendix 6: Feedback signals

The fROORZLQg RXWcRPeV ZeUe YRcaOLVed b\ FXUhaW RU Whe SDK deSeQdLQg RQ Whe RXWcRPe Whe

SaUWLcLSaQW UeceLYed, Lf Whe\ had aQ LQcRUUecW aQVZeU, RU Lf Whe SaUWLcLSaQW dLd QRW gLYe aQ

aQVZeU LQ WLPe. The dLffeUeQW RXWcRPeV ZeUe UaQdRPLVed LQ UegaUd WR Whe UeVSecWLYe RXWcRPe

WhaW Whe SaUWLcLSaQW UeceLYed.

OXWcome 1 - One coin:

³YeV, RQe cRLQ´

³HXh, \RX gRW a cRLQ´

³HPP, gRRd ZRUN´

OXWcome 2 - Three coinV:

³WRZ, e[ceOOeQW! ThUee cRLQV´

³WhRa, \RX gRW WhUee cRLQV!´

³Oh \eV, MacN-SRW!´

OXWcome 3 - One diamond:

³Aha, RQe dLaPRQd!´

³ONa\! YRX gRW a dLaPRQd´

³YeV, ZeOO dRQe´



OXWcome 4 - Three diamondV:

³WRZ, \RX gRW WhUee dLaPRQdV!´

³OXWVWaQdLQg! SR PaQ\ dLaPRQdV´

³YeVV! BULOOLaQW!

OXWcome 5 - IncorrecW anVZer:

³IQcRUUecW, NeeS fLghWLQg!´

³TU\ WR VWa\ fRcXVed!´

³NRR, WU\ agaLQ!´

³CRPe RQ, \RX caQ dR LW!´

OXWcome 6 - Time oXW:

³Uh, WLPe RXW!´

³TLPe RXW, be faVWeU!´

³Oh QR, SLcN XS VSeed´

³HXh, caWch XS´



Appendix 7: Visualisation of SAM scale



Appendix 8: CR over blocks for each level

Table 4

Mean accXrac\ LeYel 1 Zrt 4 blocks: Percent correct responses (SD)

CRQdLWLRQ LY1 B1 LY1 B2 LY1 B3 LY1 B4

DOT 84.46 (14.36) 85.77 (17.82) 80.62 (19.04) 82.08 (17.19)

NDOT 79.38 (20.59) 76.85 (19.86) 75.69 (14.46) 83.23 (21.56)

SDK DOT 87.08 (12.05) 88.38 (12.48) 92.23 (11.03) 85.85 (23.33)

SDK NDOT 74.31 (19.90) 70.54 (21.68) 73.00 (23.14) 72.92 (18.62)

Table 5

Mean accXrac\ LeYel 2 Zrt 4 blocks: Percent correct responses (SD)

CRQdLWLRQ LY2 B1 LY2 B2 LY2 B3 LY2 B4

DOT 70.62 (16.80) 61.62 (23.93) 69.15 (25.38) 67.92 (17.19

NDOT 61.46 (27.53) 52.69 (28.73) 67.85 (30.13) 69.15 (19.00)

SDK DOT 73.15 (15.90) 74.23 (19.93) 75.62 (23.04) 71.77 (12.31)

SDK NDOT 57.69 (23.17) 60.23 (23.21) 55.15 (20.82) 73.08 (20.99)



Table 6

Mean accXrac\ LeYel 3 Zrt 4 blocks: Percent correct responses (SD)

CRQdLWLRQ LY3 B1 LY3 B2 LY3 B3 LY3 B4

DOT 40.92 (18.75) 52.62 (19.15) 61.54 (28.26) 60.31 (29.90)

NDOT 52.62 (26.21) 55.31 (30.60) 49.92 (22.59) 53.92 (30.52)

SDK DOT 61.54 (17.22) 66.62 (16.59) 65.38 (19.82) 71.69 (26.76)

SDK NDOT 52.54 (27.90) 46.15 (25.69) 46.15 (30.44) 47.46 (30.98)

Appendix 9: SAM scale result



Table 7

Mean YalXes for SAM scale Control Condition

CRQdLWLRQ VaOeQce AURXVaO DRPLQaQce

DOT LY1 4.23 2.85 3.62

DOT LY2 3.62 3.62 2.54

DOT LY3 3.00 3.23 2.46

NDOT LY1 3.46 3.15 2.92

NDOT LY2 2.85 3.00 3.00

NDOT LY3 3.00 3.15 2.62



Table 8

Mean YalXes for SAM scale SDK Condition

CRQdLWLRQ VaOeQce AURXVaO DRPLQaQce

DOT LY1 3.75 3.00 3.67

DOT LY2 3.25 3.33 2.83

DOT LY3 3.58 3.25 3.17

NDOT LY1 3.77 3.38 2.92

NDOT LY2 3.08 3.00 2.77

NDOT LY3 2.46 3.23 2.46

Appendix 10: Sample from iMotions
The fROORZLQg WabOe LV a VaPSOe Rf 16 SaUWLcLSaQWV, Whe 2 beVW aQd ZRUVW fRU each cRQdLWLRQ.

TheLU e\e PRYePeQWV ZeUe aQaO\Ved RYeU bORcNV Rf 6 WULaOV, UeVXOWLQg LQ 12 bORcNV LQ WRWaO.

PeULSheUaO YLVLRQ (PV) = 0, aQd FRYeaO YLVLRQ (FV) = 1.


