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ABSTRACT

Thefocusofthecurrentchapterisonhumanoidrobotsaspartofaninclusiveeducation.Itpresents
abriefoverviewofthemainfeaturesofcyberphysicalsystemswhichcouldbeusedasanadvantage
withchildrenwithspecialeducationalneeds.Basedonthespecificsofthemaintypesofspecial
educationalneeds,alistofsuggestionsaboutthepracticalimplicationsofeducationalrobotstothe
classroomhasbeengenerated.Apilotstudyoftheperceptionandattitudeofchildrenandteachers
inalocalBulgarianschooltowardstheapplicationofcyberphysicalsystemsineducationhasbeen
conducted.Basedonpreviousresearchandthefundingsofthepilotstudy,afewgapsofknowledge
havebeenidentified.First,thelackofempiricalworkontheapplicationoftechnologytosubjects,
suchasbiology,chemistry,history,ortothedevelopmentofsocialskillsandcreativity.Second,the
scarceevidenceofthelong-termeffectsofinterventionswithchildrenwithspecialeducationalneeds.
Third,thelackofresearchontheattitudesofteacherswithandwithoutspecialeducationalneeds
childrenintheclasstowardseducationalrobots.Last,butnotleast,theneedforcomparisonofthe
perceptionsandexpectationsofusersofsuchtechnologyacrosscultures.
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INTRodUCTIoN

Thefocusofthecurrentchapterisontheintroductionofcyberphysicalsystems(CPS)totheclassroom
aspartofinclusiveeducation.Duetotherapidadvancesintechnology,theintroductionofCPStothe
interventionsofspecialeducationalneeds(SEN)isafewstepsaway.Althoughstillnon-existingin
practice,thisseemstobethenaturalcourseofevents,consideringthefastdevelopmentoftechnology
anditsapplicationineducationandtherapy.Effortsinthefieldsofmainstreameducationandassistive
therapyhavealreadybeenmadeandtheresultsarepromising.Robotscouldsupportthelearningof
children(Westlundetal.,2017),couldbepersonalizedtotheirneeds(Leyzbergetal.2014)andreduce
theteachers’workload(Movellanetal.,2005).InordertointegrateCPSintotheworkwithSENin
theclassroom,thefollowingstepsshouldbeaccomplished:developmentofspecificcomputational
features,identificationofthespecificneedsofchildrenwithSEN,creationofeducationalrobotsthat
couldfittheseneedsandpreparationofthetargetpopulationforthisbigchange.

Thefeasibilityofthisideadependsonthecollaborativeeffortofspecialistsfromdifferentareas.
Whileengineersandtechniciansareworkingonthetechnicalandcomputationalimprovementof
CPS,psychologistsneedtoidentifythespecificityoftheneedsofchildrenwithSENintheclassroom.
CertaincharacteristicsofCPS,suchastimeandspatialsensitivity,thevarietyofmechanismsof
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activationand theopportunity to tailor the system to the specificneedsof thechildmake them
appropriateforusewithchildrenwithSEN.Inordertoachievethelatter,specialistsneedtoknow
thespecificityoftheneedsofsuchchildren.

ThemaingroupsofSENincludeautisticspectrumdisorder(ASD),dyslexia,physicaldisability,
hearingandvisionimpairment,hyperactivity,andintellectualdisability.Thespecificcharacteristics
ofeachconditionrequiremodificationsofthelearningenvironmentandteachingmethodsinorder
tomeettheneedsofthechild.Thesuccessfulimplementationofeducationalrobotstoschoolwould
requirethoroughresearchandcarefuldevelopmentofaplan.

However,knowledgeaboutSENanddevelopmentoftechnologyarenottheonlyprerequisites
fortheachievementofthischangeintheeducationalsystem.Partofthegreatpotentialofrobotsis
duetothehighmotivationofpeopletousethem.Thehuman-robotinteraction(HRI)isatwo-way
process,whichdependsononehandon thecharacteristicsof the robotandon theother,on the
expectationsoftheuser.People’sperceptionsofrobotsdependonmanyfactors,suchasempathy,
behaviourandanthropomorphismoftherobot,ageandgenderoftheuserandothers.Thenegative
attitudeofteachersorstudentstowardseducationalrobotscouldharmtheworkwiththem.Therefore,
itiscrucialtoidentifywhatistheattitudeofparents,teachersandchildrenbeforeintroducingrobots
intoschools.However,attitudescouldbedifferentindifferentpartsoftheworld.Theinvestigation
ofperceptionsindistinctareaswouldallowaddressingtheproblemonagloballevel.

CyBER PHySICAL SySTEMS (CPS)

Thedevelopmentoftechnologyhascreatednewpossibilitiesfordevelopmentofmanyaspectsof
society.Theapplicationofcomputers,roboticsandcyberphysicalsystems(CPS)inengineering,
medicine,therapyandotherareasisbeingthoroughlyinvestigated.However,theuseofCPSastools
forassistanceofchildrenwithSENisarelativelynewfieldandrequiresrigorousresearch.

CPS is a heterogeneous system of systems, which integrates physical, computer and
communicationcomponents(Tanetal.,2009).Thesecomponentsareinterconnectedbyfeedbackloops
andactautonomouslytoproduceaconsistentresponse(Lee,2008).Inotherwords,computersystems
recognizecharacteristicsfromthephysicalworld,analysethemandproducethepre-programmed
appropriate reaction. Computers recognize and react to physical activity by embedded systems,
suchasactuatorsandsensors(Tanetal.,2009).Sensorsdetectphysicalactivityandconvertitinto
information.Actuatorsreceivesignalsandconverttheirenergyintomotion.Physicalprocessesaffect
cybermechanismsandviceversa.Thisinteractionischaracterizedbytimeandspatialsensitivity
(physicalchangesarereflectedincyberspacewhenandwheretheyoccur)(Tanetal.,2009).However,
notallchangesneedtobereflected.Therefore,bypre-programmingtheparametersoftheconditions
ofinterestintothecomputer,theimportantchangesarerecognizedbythecybersystemasevents.
Thedetectionofeventresultsinaction,orpredefinedreaction.

ThesecharacteristicsgiveadvantagetoCPScomparedtoothertechnology.Oneofthereasons
thatmakethemappropriateforusewithchildrenwithSENisthevarietyofmechanismsofactivation
whichcouldfacilitatetheadaptationofchildrenwithspecialneedstotheirdailyuse.Forexample,
robotsoperatedbyCPSrelyuponvisualandauditoryrecognitionmechanisms,pressuresensors
respondingtotactilestimulation,wirelesscontrol(fromcomputers,smartphones,tablets).Children
withspecialneedscouldexperiencedifficultieswiththeactivationoftherobots(forexample,dueto
motorcontroldifficulties).Thepossiblesolutionsofthisproblemincludeactivationbytheteacheror
pre-setadjustmentsoftherobottoactivateasaresponsetodifferenttriggers(toexecuteaparticular
behavior at a setperiodof time, as a reaction to specific commandorphysical responseby the
child,suchaseyemovement).Alternatively,itcouldbeactivatedbyapushswitch(largebuttonor
joystick)ontherobotoronaremotecontrol,byvocalization,orbypressuresensorsonthearmrest
ofawheelchair,bychinoreyelidmovementasanadaptationforchildrenwithseveremotordeficits
(Standenetal.,2016).
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