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ABSTRACT

Researchonhuman-robot interaction (HRI) is growing;however, focuson the congruent socio-
behavioralHRIresearchfieldsofsocialcognition,socio-behavioralintentions,andcodeofethicsis
lacking.Humanspossessaninherentabilityofintegratingperception,cognition,andaction;while
robotsmayhavelimitationsastheymaynotrecognizeanobjectorabeing,navigateaterrain,and/
orcomprehendwrittenorverballanguageandinstructions.ThisHRIresearchfocusesonissuesand
challengesforbothhumansandrobotsfromsocial,behavioral,technical,andethicalperspectives.
Thehumanabilitytoanthropomorphizerobotsandadoptionof‘intentionalmindset’towardrobots
through xenocentrism have added new dimensions to HRI. Robotic anthropomorphism plays a
significantroleinhowhumanscanbesuccessfulcompanionsofrobots.Thisresearchexploressocial
cognitiveintelligenceversusartificialintelligencewithafocusonprivacyprotectionsandethical
implicationsofHRIwhiledesigningrobotsthatareethical,cognitivelyandartificiallyintelligent,
andsocialhuman-likeagents.
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INTRodUCTIoN

Human-RobotInteraction(HRI)isagrowingareaofinterestinscience,technology,engineering,and
mathematics(STEM);andnowresearchersareexpandingtheirresearchtoinvestigatethebusiness
aspectsofHRI.Humanoidrobotsareincreasinglybecomingapartofourdailylivessincethese
artificiallyintelligenthuman-likeagentsareincorporatedas‘socialagents’invarioushumanspheres
likehealthcare,education,heavylifting,homecleaning,repetitivejobs,precisionhandlingtasks,
jobsrequiringcontinuouslyhighlevelsofconcentration,andworkinginhazardous,contaminated
andinaccessibleenvironments.EventhoughHRIisagrowingfieldofartificialintelligence,sofarit
haseitherbeenneglectedasasubstantialareaofresearchorithasbeenstudiedinconjunctionwith
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human-computerinteraction(Sheridan,2016).Ineitherscenario,thefieldofHRIoffersatremendous
researchpotentialinunderstandingroboticinteractionswithhumans,human-technologybehavior,
humanfactors,dynamics,control,andcomputerscience(artificialintelligence)(IEEERoboticsand
AutomationSociety,2019;SchellenandWykowska,2019;DamianoandDumouchel,2018;Sheridan,
2016;GoodrichandSchultz,2008;DumouchelandDamiano,2017).

HRIresearchcanbeclassifiedintofourcategories:(a)teleroboticsinhazardousorinaccessible
environments,(b)humansupervision/controlofindustrialrobotsinroutinetasks,(c)automated
vehiclesincludingautomatedhighwayandrailvehiclesandcommercialaircrafts,and(d)human-robot
socialinteractions.Thefirstcategoryoftelerobotics/teleoperation,whichisdescribedashumans
controlling space, airborne, terrestrial, and undersea vehicles for nonroutine tasks in hazardous
environments;wherebyprogresscanbeseen inundersearoboticvehicles,unmannedspacecraft,
and/orunmannedaerialvehicles(UAVs)(SkaarandRuoff,1994;SheridanandVerplank,1978;
BurkeandMurphy,2010).SecondcategoryofHRIresearchdealswithsituationsthatrequirehuman
supervisionandcontrolofrobotsforroutinetasks,suchasfactoryassemblylineoperations,delivery
ofpartsandpackages,medicalandhospitalsuppliesanddeliveries,floorcleaning,andautomated
agriculturaltasks.ThirdHRIresearchcategoryfocusesonautomatedvehiclesincludingautomated
highwayandrailvehicles,andcommercialaircrafts,eventhoughthereissome/highdegreeofhuman
supervisionandcontrolrequiredtooperatethesesystemsasteleoperators/telerobots(Rasmussen,
1986; Sheridan 2016). Google’s self-driving car technology and Tesla’s autonomous vehicle fit
inthiscategorywithseveralautomobilemanufacturersvyingtoenterthismarketanddeveloping
human-drivertechnologyenhancementslikeradar-augmentedcruisecontrol,alertssignals,off-the-
roadalarms,andvehicle-to-vehiclecommunicationforavoiding/predictingimpendingcollisions.

Our research focuses on the fourth HRI research category dealing with human-robot social
interactionanddelvesinto“socialintelligence”overartificialintelligence.Examplesinclude,butare
notlimitedto,MIT’sKismet(anexpressiveroboticcreaturewithperceptualandmotormodalities
tailoredtonaturalhumancommunicationchannels–“Kismet,theRobot,”n.d.)(Breazeal,2000);
Mattel’sBarbiedollwithextensivespeechandcommunicationabilitiesforconversingwithyoung
children(“HowMattelContinuestoMoveBarbieintotheFuture,”n.d.);andfriendlyhuman-looking
robots utilized to help patients in hospitals, senior living assistance, and people / children with
autismdisorders.Tug,thebusyrobotnurse,developedbyAethon,ishelpingnurses’anddoctors’
careforpatientsbyautonomouslydeliveringfoodanddrugs(Simon,2017).Toyota’s$400Kirobo
Minicompanionrobot(TribuneNewsServices,2016),apartofToyota’sheartproject,withacute
faceandbigeyes,ishelpingseniorsandlonelypeoplewithanengagingconversation.Inasimilar
vein,QTrobotfromLuxAI(MeetQTrobot,n.d.),ayoungcompanyspunoutoftheUniversityof
Luxembourg,ishelpingchildrenwithautismspectrumdisorderbyincreasingchildren’sattention
spanswithroboticinteractionsandtheirwillingnesstointeractwithhumantherapists.Inorderto
simulatesocialinteractionbetweenhumansandrobots,thereisaneedtoinvestigatesocial-cognitive
mechanismsofthehumanbraintoeffectivelyfacilitatehuman-robotinteraction(HRI).Keepingin
viewoftheabove,ourresearchfocusesonthefollowingobjectives:

1. Defineandexaminethedifferencesbetweensocial-cognitiveintelligenceandartificialintelligence
inHRIresearchdomain;

2. Define socio-ethical robots, and explore how to incorporate and integrate ethical design
recommendationsinsocialrobotsforasuccessfulHRIimplementation;and

3. Examine roboethics through socio-behavioral relationships exemplified by social cognition,
intentionality,roboticanthropomorphism,andhuman-robotxenocentrismforcreatingawell-
functioninghuman-robotinteraction(HRI)experience.

Thefollowingsectionsprovideadescriptionofsocialandcollaborativerobots,differencesand
similaritiesbetweencognitiveandartificialintelligenceinhuman-robotinteraction(HRI)domain,
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