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In the process of continuous evolution of the emerging technologies, new fields of the theoretical-
practicalknowledgearegenerated todevelopunprecedentedactivities,witheducationalorworking
purposes,forinstance.Thenoveltyofthoseactivitiesstandindirectrelationshipwithanadvanceof
thehardwareandtelecommunications,mainlyintheemergingandinformationtechnology(IT).Allof
thataconstantneedofasoftwarewhichadaptstothegrowingneedsoftheuserindailylife.Themain
goalfromthesoftwareistofacilitateaneffectiveinteractionwiththenewICT(informationandcom-
municationtechnologies)devices.However,inthatevolutionalprocessitisnecessarytoanalyzethose
indispensablesectorsrelatedtotheinformationtechnology.Thatis,thosewhichwillhavethegreatest
impactinthedailylifeintheinteractionofthehumanbeingsandinthetoolsofmultimediainformation
andcommunicationbothcurrentandfuture.

Wealsomeanthefuture,becauseevenifsomeofthoseemergingtechnologiesarestillbeingdevel-
opedintheresearchanddevelopmentlabs,belongingtocollegesorbusinesses,inthefuture,thatis,in
theshort,middle,longrun,theywillbeavailableformillionsofpotentialusersacrosstheplanet.Itis
aconsequenceofthedazzlingdemocratizationprocessthatcharacterizestheemergingandinformation
technologies,inourdays.Inthissense,weresearchfromengineeringcomputingallthosestrategical
linkscalledasexcellencetolocate,examineandpresenttheimpactoftheoptimizingHuman-Computer
Interactionwithemergingtechnologies

Inthenextdecades,forexample,amyriadactivitieswillbereplacedbyrobotsorcomputers,and
especiallywithapplicationsfortablets,smartphones,3Dprinters,web2.0,web3.0amongothers.Itis
thepersistenttechnologicalevolutionwhichquicklygeneratesamyriadnewprofessionsinthefieldof
thenewinformationandcommunicationtechnology(NICT).Onlineassistantsforhealthcareorteach-
ing,expertsin3Dprinting,operators/pilotsofdrones,analystsoftheveracityoftheonlineinformation,
auditorsofcommunicability,aresomeexamples.Inthatcontextofconstantchangesthoseandmore
breakthroughprofessionsareprofiledwheretheywillinteractwithseveralareasofthecurrentscientific
knowledge,andwhichwillgiverisetootherneweducationaldisciplinesand/orprofessionalorworkplace
outlets.Theseareasofknowledgerequiretheoreticalbaseswhichallowthemtoadapttothepractical
aspectsinaquickway,withreducedcostsandwithahighquality.

Itispreciselythisequationoflowcostsandhighqualitywhichuninterruptedlyfosteringsincede-
cadestheuseofallthecomputersciencebreakthroughsandalltheirderivationsinthehomes,firms,
industries,schools,universitiesandotherpublicandprivateinstitutions.Nearingthosetechnologiesto
thefinalusershashadas“temporaryfashions”somenotionsortermssincethe90sdowntoourdays,
suchashypertext,usability,internet,userinterface,human-computerinteraction,userexperience,etc.
Ineachoneofthemtheinteractivedesignhadtobeorientedatthepotentialusers,irrespectiveofthe
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motivationsorreasonsfortheuseofthecomputers:educational,sourceofinformation,pastime,etc.
Inthethreefirst:hypertext,multimediaandhypermedia,itcanbeseenhowasthestoragesupportsof
thedigitalinformationadvanced,thatis,minifloppy,CD-Rom,DVD,etc.,thedynamicmedia,suchas
video,music,computeranimations,etc.,wereincorporatedtothedigitalizedmedia,gainingroomtothe
staticmedia,suchastexts,drawings,graphics,pictures,etc.Simultaneouslytherewasagrowingneed
oflearningtheuseorfunctioningofthecomputers,wherethenotionofusabilitywoulddevelopinto
usabilityengineering,sincethelate80suntilthedecadeofthe90s.Withthedemocraticspreadofthe
useoftheinternet,inthemid90s,theinterfacesbecameanimportantlinchpinintheacceptanceofthe
interactivesystems.Atthattimethenotionofhuman-computerinteractionwentontotakeaprevailing
roleinthenewmillennium.

NowasanexpressionitisalreadyreferencedbyJamesH.Carlisleinascientificpapercalled:“Evalu-
atingtheImpactofOfficeAutomationonTopManagementCommunication”inthemid70s.Across
timethisnotionmayappearasahuman-machineinteraction(HMI),man-machineinteraction(MMI)
orcomputer-humaninteraction(CHI).Theexpansionofitsuseinthe80shasoneofitsoriginsinthe
bookpublishedin1983underthetitle“ThePsychologyofHuman-ComputerInteraction”(Hillsdale:
Erlbaum),whoseauthorsareStuartK.Card,AllenNewellandThomasP.Moran.Inbothworksitis
easytodetecthowthereisanintersectionbetweentheformalandfactualsciences,especiallywhenthe
presenceofcomputerscience,thesocialcommunicationmedia,design,interface,visualizationofinfor-
mation,sociology,psychology,ergonomics,amongotherareasofknowledge,isrevealed.Itisadomain
ofscientificknowledgewhoseboundariesarestretchedfromamyriaddisciplines,untilmakingitthe
mostelasticofthelattertimes.Tosuchanextentthatwithartificialintelligenceandespeciallyrobotics,
wehavebeentalkingaboutrobot-humaninteractionforalongtimealready,forinstance.

Inthenewmillenium,thehuman-computerinteractionwillbecomeakindofshoppingmallofthe
newuniversitydegreesinmanyplacesoftheEU,withramificationsintheAmericancontinent,espe-
ciallyfromtheRíoGrandetotheTierradelFuego.Whereitispossibletoseehowtheterm“human”
lacksanyvalueinthefaceofcertaincanibalisticbehaviourbymanyofthosewhodisguisedlyareruling
thisdisiciplineTheydoitinalittletransparentway,andthroughinternationalornationalassociations,
foundations,congresses,magazines,etc.,thathaveastitleorsubtitletheHCI.However,inrealitythey
devotethemselvestootherissuesthatdonotbelongtotheHCIacademicallyspeakingbutratherto
mattersofapersonalnature.Nowitisn’tsomethingexclusiveoftheHCI,butratherofallthosetechno-
logicalbreakthroughsthatinsomemomentsoftheirhistorybecomethefocusofattention,makingthat
itlastsintimeordecaysinajiffy.Theproblemofthisphenomenonliesinthedurationoftheuniversity
degrees(forinstancethosethatarerelatedtotheHCIandtheNICTsforthefutureprofessionals,who
canjoinareligiouscollege,takeengineeringasadegree,allegedlywithagreatdemandinthelabour
market,butthesameasalargepartofthesyllabusitisbasedonfleetingtechnologies.Inlessthanfive
years,thoseneoprofessionalswillseehowthedegreestheygotaren’tdemandedbythelocalworkplace.
Consequently,theywillbeforcedtotakenewstudiesthroughmasters,specializationcourses,continu-
oustraining,etc.Inotherwords,itistheperpetualandbigbusinessofthedegrees,generallybasedon
thecommercialsoftwareandhardware,wherethereisnobalancebetweentheoryandpracticeinthe
studyplans,whetheritispublic,privateorhybrideducationalinstitutions.Somethingsimilarisalready
happeningwiththeuserexperiencedesignoruserexperience,shortenedwithsomeofthefollowing
acronyms:UX,UXD,UED,andXD.

TheUXencompassesallthehuman-computerinteractionandallaspectsofaproductorserviceas
perceivedbytheusers.Inotherwords,itisthereinventionoftheHCI,whoseboundariesaren’telastic
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anymore,butratherinvisibleandinfinite.Itistheumpteenthsituationwherecyclicallyagroupofin-
dividualsdecidethecommercialfashionsinthesefieldsofknowledge.Ithappenedalreadyinthelate
90swiththeusability,whereeverythingrelatedtothefinaluseratthemomentofinteractingwitha
computerwasmajorengineering.Thatiswhynobodyshouldbesurprisedifevensemioticsorsemiology
endedupbeinganengineering.Whatisstrikingisthatthetermmultimediahasbeenwipedoutfrom
thehuman-computerinteractionwhenitfactfromtheabacusdowntothemomentofinteractingwith
calculators,computers,etc.,thereisanimplicitandexplicitcommunicationprocessbetweentheuser
andthedevicewithwhichhe/sheinteracts,whetheritiselectronicornot.Howcanitbethatmultimedia,
communicationandcommunicationmediahavebeenwipedoutinthemainonlinedatabasesorinternet
browsers,whenthedefinitionofHCIissearched?Howcanitbethatthequalityofthecommunication
orcommunicabilityisn’tconsideredinthetimesofthemultimediamobilephones?Theanswerstothese
questionshavetobefoundinthedomainoftheformalsciencesandespeciallyinisolatedindividuals
oringroupsthatdevotethemselvestoslowingdowntherealprogressofthisareaofknowledge.We
canalready imaginehowmanyyears, financial resources,etc.,doesacomputerscience technician,
mathematician,physicist,etc.,intrulylearningtherequirementsoftheusersoftheNTICsamongthe
elderly,thedisabled,children,etc.Theinversesense,thatis,togofromthefactualsciencestowards
thehuman-computerinteraction,interfaces,informationarchitecture,computersecurity,etc,apparently
isn’tallowedintheOldWorldandinsomeotherplacesoftheplanet.Inshort,theseareanomalous
situations,whichdonotchangewiththepassingoftime,andwhichabsorbmyriadfinancialresources,
whethertheyarepublicand/orprivate,withoutconsideringtheenergiesandsynergiesofthehuman
andprofessionalcapital,andthedamagecausedtothecommonwealintheglobalvillage.Thispoverty
ofcontentsandhorizonsisreflectedinthecontentsofthousandsofinteractivesystemsaimedatthe
education,healthcare,entertainment,andinformationingeneral.

Theefforts tooptimizehuman-computer interaction fromthe factual scienceshaveconstantand
progressiveintime.Incontrast,fromtheformalsciencesacertainslowdowncanbeseen,stagnation
andregression,althoughthehardwareandtherestofemergingtechnologiesarestilladvancingbyleaps
andboundseverypassingminute.Thisisduetothelackofcreativity.Acreativitywhichisreplacedby
theprovocationswhichstemfromcertaingroupsofindividualswhodirectlyandindirectlyarerelated
totheformalsciences.Thetacticconsistsindetectingpeopleorgroupsofpeoplewithhighqualitiesof
creativity,originalityandinnovationwhoarethesynthesisoftheformalandfactualsciences.Oncethese
qualitiesaredetected,thosewhosustaintheminanaturalandconstantwayacrosstheirprofessionallife
aresidelined.Thismarginalizationbecomesakindofhiddensourcenotonlyforplagiarismbutdirectly
inthegenerationofpseudoclonesofthosewhoreallypossessthewisdomandtheguidelinestomove
inthedailytsunamioftheemergingtechnologies.Nowinthefaceofthequestion:Howdoesonedetect
andavoidthosepseudoclones?Forthatitisnecessarytoinvestigatetheirtrajectory.

Astrategyconsistsininvestigatingwheretheygottheirhighschoolstudiesand/ortheircollegedegree.
Forinstance,inthehighschools,secondaryinstitutes,etc.,whicharerelatedtotheappliedsciences,
technicalandtechnological.Undoubtedly,ineachoneofthemcomputersciencewillbepresent.Inthe
secondcase,theymaybedegreesincomputerscience,mathematics,physics,etc.Inbothsituations
andinseveralplacesoftheEuropeancoastoftheMediterraneantheworkplaceoutletwasguaranteed
beforehand.Priortotheglobalcrisis,thefutureemployeesknewtheywouldhavealifelongandstable
workingcontractinsmall,mediumandbigfirmsorindustries,totakepostsoftechnicians,headsof
department,directors,etc.
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Thecommondenominatorofthosetimeswasthespeedyincorporationofthefutureprofessionalsin
thelocallabourmarket,evenbeforefinishingtheirstudies.Thatis,thestudentsofsecondaryinstitutesor
collegesalreadyknewatanearlyagehowtoplantherestoftheirlives.Therefore,thecomputerscience
techniciansinthefirmsand/orLombardyindustries,forinstance,tookaninternalcareeruntiloccupying
themanagementposts.ThisworkplacerealitydisappearedintheOldWorldinthefirstdecadeofthe
newmillennium.Others,whogottheirdegreesincomputerscienceshaveseenintheuniversitiesan
alternativetogetamonthlysalaryonalifelongbasis.Thatis,somethingthatthelocalindustrialorbusi-
nessmarketplacedidn’tguaranteethemanylonger.Nevertheless,theyintroducedaradicalorientation
changeinthewayofconceiving,coordinatingandcarryingouttheiractivitiesinsidesomeLombardy
universities,forexample.Theoretically,publicbutruledbyinstitutionsorpowergroupsalientothe
secularuniversityenvironment.Theretechniciansandcomputersciencesgraduateshavebeenjoined
toteachclasseswithouthavingpreviouslyawidetrainingexperience.Thedeansinchargehavehugely
increasedthenumberofcollaborators,underthelabelofadministrativestaffforthosenewprofessors
lackinginknowledgeand/orexperienceinpedagogy,teaching,etc.,whostemmedfromtheindustrialor
businesscontext,etc.Simultaneously,theywereallocatedcourseswithaverylowacademicortraining
level,suchastheprogramminginHtmlofwebsites,theExcelbroadsheets,thetextprocessorssuchas
Word,etc.Thatis,studiesakintothesecondarycoursesintechnicalinstitutesatthattime.

Thisabnormalityfavouredtheformerstudentsofthe“ScuolaNormalediPisa”–www.sns.it,tosuch
extentthatthegraduatesofthetrainingcentre,withoutowningaPhD,nowdirectdoctoralthesesatthe
UniversityofBergamo,FreeUniversityofBozen,etc.,ortheytakecareofsupervisingtheenablement
ofcollegeprofessors,tomentionacoupleofexamples.Infewwords,atotallyillogical,unnatural,with
abigzerocreativitycontext.Allofthatinastate-runorpubliccollegeeducationalsystem.Allegedly
cataloguedasserious,withtrainingandcreativeexcellence,intheuniversitystructureoftheEU.How-
ever,withthepassingoftime,thosepseudoclones,withtheapprovaloftheirmentorsandenablers,
approachthekeypostsofauniversitystructuresuchasthedeaneryofthefacultyortherectory.Besides,
thoseeducationalstructures,withunheardofandillicitsituations,andclosetosciencefictionthantothe
formalandfactualsciences,arepresentedonlinewithasophisticatedethicalcode.Apparently,nobody
takesintoaccountthatthedamagetothefuturegenerationsofemergingtechnologiesisincalculable.

Itistheempireoftheequationlessknowledgeandformationofmorepower.Anequationthatgath-
ersallthepseudocloneswhoteeminthedomainofthetrainingrelatedtotheNITCsandtherestofthe
emergingtechnologies.Theunionamongthemalsousuallydegeneratesinadestructiveforceofsemi-
nars,conferences,workshops,nationalandinternationalsymposiums,whereisseenarealpresenceof
theintersectionbetweentheformalandthefactualsciences.Externally,theywilldisseminateprejudices
andungroundedcriticismwithregardtotheextensionofthetopicsoftheevents:theknowledgeofthe
membersofthehonorarycommittee,scientific,organization,etc.;thealternativeschosentopublishthe
researchworks:thedatabasestopublishtheresearchworks;andalongetc.Alsotheireffortswillfocus
onbecomingpartofthescientificcommitteestointernallysabotagetheevents.Inotherwords,theyact
likethecrewoftheTrojanHorse.Oncetheyhavegottheirdestructiveresult,theseforcesdiluteuntil
findingotherprofessionalstodemolish.Axiomaticallyandpreviously,theyarecloned,becausethose
professionalspossessthenecessaryknowledgeandexperiencetoknowhowtoorientthemselvesandact
autonomouslyinthefaceofthetechnologicalprogressandtheoptimizationoftheHCI.Weareinfront
ofacontinuouscycle,repetitiveandendlessofthedestructionofthesciencesandtheeducationalsystem,
irrespectiveofthetemporalandgeographicalspace,wheretheprofessorsare“sold”intheeducational
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marketwithlonglabelsbutwithcontentsofdoubtfulscientificvalue”.Asanexample,anewfashion
called“thebunchofCatalanbotifarra”withdegrees,experiencesandpassions:PhDinnanotechnol-
ogy,engineerinelectronics,expertincomputing,passionateabouthumanism,psychologyandscience;
whosescientificcontributionaredollsforadultsbecauseitisagrowingcommercialmarketintheEU.

Manythinkthatthepanaceatotheproblemisprivateeducation,notsecular.Thatis,thatallthose
whodonothaveenoughmoneymustfalllikeNewton’sapplesintothepubliceducation,asitwere
somekindoffatalinertiaformillionsofstudentsoradeadalleywithoutaworkplaceoutlet.Thisisnot
anissueofpubliceducationversusprivate,butratherofthelackofmechanismstoeradicatefromthe
worldeducationalstructuretheparochialismofthepseudoclones.Itistheywhoinanindividualor
groupwaygnawawaycontinuouslyanddisguisedlyatthequalityandeducationalseriousness,whether
itispublic,privateorhybrid.

IninnumerablecasesinsouthofEuropeexperienceshowsinthefieldoftheHCIandtheemerging
technologiesthatanythingthatisabnormal,immoral,illicit,amongsomanyotheradjectiveshasinthe
Summitofpowerpeopleorrathercharacterswhohavespentpartoftheirlivesinaprivatestructure,
thatis,religiousinEU.Let’snotforgetthatdogmaticallytheyareaboveanythingthatentailsorderor
cosmos.Thatis,theydefinethemselvesasaspeciessuperiortoallthehumans,andtheiractionscan’tbe
governedbytherulesofalocal,provincial,regional,stateorinternationalrules.Therestofthecitizens
areforcedtosuffertheconsequencesofthedebaucherythattheyexerciseontheglobalvillage.The3D
displays,artificialintelligence,augmentedreality,bigdata,biotechnology,brain-computerinterface,
cloud computing, computer sciences, cryptocurrency, educational structure, healthcare system, im-
mersivevirtualreality,machinetranslation,magneticlevitation,nanotechnology,newtechnologiesof
informationandcommunication,poweredexoskeleton,quantuminformation,robotics,semanticweb,
smartcities,etc.,aren’texemptedfromthatreality.

Fortunately,eventoday,beyondthebordersoftheallegedlyeconomicallydevelopedcommunities,
therearerealitieswhere thepublicquality ineducationbeatsbyfar theprivateone.Thoseoasisof
knowledge,joinedtothevocationforteachingoftheirprotagonists,supporttheprogressivetransfer
oftheknowledgeandtheexperiencetowardsthefuturegenerations.Allofthatthankstoaverysmall
percentageofthetaxesthatthecitizenspay,thatallowsthemtoguaranteetheaccesstosolid,freeand
egalitarianeducationamongitsinhabitants.Thatis,theoppositetowhatispreachedbythemercantilist
supportersofeducation,tokeeponmakingadesertthebasisoftheworldwidepopulationpyramid.Here
theemergingtechnologiesandthescientific-educationlocalandglobalcommunity,relateddirectlyand
indirectlytotheHCI,haveanessentialroletodifferentiatebetweenthesetwophenomena.

Thesearerealandnon-virtualphenomenawhichentailacontinuousdenunciationtohelptheprog-
ressofrealscientificknowledge,basedonthecommongoodofhumankind,inthefaceofmercantilist
savagerywhichlittlebylittlehasbeentakingholdofsciencesincethelate20thcentury.Thatiswhyit
isimportanttodistinguishwiththegreatestpossibleinformationandverifiedinsitutheplaceswhere
thefuturegenerationswillbetrained.Knowingbeforehandthetacticsandploysofformationalmarket-
ing,usedtoattractthepotentialstudentsinstructuresthatonlyservetoincreasestudentandworkplace
failure,eventhoughthelabshaveavailablethelatesttechnologicalbreakthroughs,theprofessorsare
motleyandinternational,aprofessionaloutletisguaranteedinwritingandalongetcetera.Itcanbeseen
inthisbrieflistinghowwehavealwaysbeen,areandwillbeimmersedinaprocessofinfinitesemiosis
whentalkingabouttheemergingtechnologies.Theyencompassthethreemainaspectsforthesurvival
ofthehumanbeing,thatis:nutrition,habitationandclothing.Therefore,theemergingtechnologieswill
befieldsofresearchanddevelopmentthatgathertheareasofagriculture,building,materialsciences,
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energy,electronics,AI,entertainment,medicine,thecommunicationmedia,themeansoftransporta-
tionforhumansandgoods,amongsomanyothers.Hereisthemainreasonwhythereisabidirectional
interrelationwiththeHCI.

Thehuman-computerinteractionisanaturalandadvisablecontexttoseegrowinharmonyalarge
partoftheprogressofthediscoveriesandinventionsofthehumanbeing.However,inthelastquarter
ofacentury,ithasbeenakindofmagnettodrawthegarduñaanddestroyit,internallyspeaking.Today,
itisuselessandshockingtoassociateittowordslikepeace,inclusion,wellbeing,happiness,education,
videogames,children,theelderly,thedisabled,etc.,whensomeoftheindividualswhoestablishthose
linksatthesametimeandinternationallyfosterthegarduñafactorinsideit.Now,ifcorrectivemeasures
aretaken,inwhatremainsofthecurrentdecade,itwilltakeoneortwogenerationstoachieveitsperfect
reorientationtowardsclearlyscientificareas.Areaswhichcanbesummedupinsomewayinthemain
keywordsofeachoneoftheresearchworksthatmakeupthebook.Thosewordsshapethereliablepaths
tobefollowedinthenextyears.Essentially,thetechnologicalonesthatareemerginginourdaysand
whosetruedemocratizationmayreallyfacilitateandincreasethequalityoflifeofalltheinhabitants
oftheplanet,basedontheavant-gardeoftwocornerstones,suchaseducationandhealthcareforall.

Manyoftheresearchworksthatmakeupthecurrentbookshavebeenpresentedorally,insomecases
withtheirmatchingdemonstrationsofhardwareand/orsoftwareinthefollowinginternationalconfer-
encesand/orworkshopand/orsymposium(2014-2016):ADNTIIC(AdvancesinNewTechnologies,
Interactive Interfaces and Communicability), CCGIDIS (Communicability, Computer Graphics and
InnovativeDesignforInteractiveSystems),ESIHISE(EvolutionoftheSciences,Informatics,Human
IntegrationandScientificEducation),HCITISI(Human-ComputerInteraction,Telecommunications,
InformaticsandScientificInformation),HCITOCH(Human-ComputerInteraction,TourismandCultural
Heritage),HIASCIT(HorizonsforInformationArchitecture,SecurityandCloudIntelligentTechnol-
ogy),MSIVISM(Multimedia,ScientificInformationandVisualizationforInformationSystemsand
Metrics),RDINIDR(ResearchandDevelopmentinImaging,Nanotechnology,IndustrialDesignand
Robotics),andSETECEC(SoftwareandEmergingTechnologiesforEducation,Culture,Entertainment,
andCommerce).Allofthemaretheresultofaselectionprocessandacontinuouscorrectionprocess,
inkeepingwiththeindicationsindicatedbythereviewers.Thebookisorganizedinto17chapters.Next
ashortsummaryofeachoneofthemtoindicatethemainaspectsoftheworkresearchcarriedoutby
theirauthors:

InChapter1,“CartographicInformationOff-LineandFirstNations:ASignificantContributionto
theEnhancementoftheArchitecturalHeritage”,theauthor,FranciscoV.Cipolla-Ficarrastressesthe
importanceofanalogicalanddigitalcartographytorevaluetheculturallegacyofthefirstnationsinthe
Americancontinent.TheexcellentknowledgeofastronomyreachedbytheearlyAmericancivilizations
arealsounderlined,andwhichwereusedbytheconquerors,tobuildthereligioustemplesinterrelated
tocertaincosmologicalphenomena,whoseinformationwasgatherbythelocalcivilizations.Besides,a
widereviewismadethroughallthecartographyprocess,stressingitsimportance,asacreativeactivity
andthemaindifficultiesinthedisseminationofculturalheritageonline.

Chapter2,“Web2.0andHealthInformationTechnology:TheoryandApplications”,isthetitlechosen
byitsauthor,KijpokinKasemsap,toexcellentlyfocushisresearchworkontheuseofthetechnologies
stemmingfromthesocialnetworksandhealthcare.Throughtheworkcanbeentheimportanceofper-
spectivesofhealthinformationtechnology,previouslyanalyzingtheWeb2.0applicationsinknowledge
management,academiclibraries,learningandeducation,amongothers.Inanorderlyandsequential
waytheauthorpresentseachoneofthetopics,endingwithavaluablecontributiontothefutureresearch
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inthisfieldofknowledgewhereemergingtechnologies,healthcare,socialnetworksconvergeamong
manyothers.

InChapter3, theauthorsof theresearch“DigitalDiorama:AnInteractiveMultimediaResource
forLearningtheLifeSciences”areAnnamariaPoli,AnnastellaGambini,AntonellaPezzotti,Alfredo
Broglia,AlessandraMazzola,SabrinaMuschiato,CarloEmilioStandoli,DanielaZambarbieri, and
FiammettaCosta.Theypresentustheimportanceoftheuseofthetechnologieswithdidacticpurposes.
Amasterlyprojectcalled“DigitalDiorama”istheconductivethreadofthechapter,whichisstructured
inasplendidwayandaccompaniedbyrealimageswhichfacilitatetheunderstandingofthetext,turn-
ingitintoanexampletobefollowed,especiallywhenwerefertoeducationalcontents.Wherenotonly
thestudents/usersofthesetechnologiescanenrichtheirknowledgethroughtheexplorationofadigital
diorama,butalsotheprofessors,sincethereisasetofstrategiesexplainedinadetailedway,whichare
validtobeimmediatelyappliedintheeducationaldomain.

InChapter4,theauthorofthework“School-Cinema:AResearchExperienceThatCombinesEdu-
cationalTheories,EducationalProcesses,andEducationalTechnologies”isDanielaTamburini.She
establishesveryclearlyfromthebeginningofthetextwhichisthemaingoalandthesecondarygoals
ofherresearch.Initismasterfullycreatedabridgebetweenthesocialsciencesandthenewtechnolo-
giesofinformationandcommunication.Theworkisincludedinaseriesofexperimentsandtheoretical
notionsofanItalianresearchprojectcalled“School-cinema”.Itisaprojectofhumanisticcultureand
newmedia.Initarethoroughlyanalyzedthepedagogical,sociological,psychological,anthropologi-
cal,communicationaspects,amongothers,oftheeducationalprocess,resortingtotheuseofthenew
technologies.Thatis,thecoreisthehumanbeingandinthecontextisthetechnologywithwhichthe
peopleareinteracting.Theissueofthecinemaisapproachedfromseveralperspectivesuntilreachinga
360degreesvision,fromthetheoretical-practicalpointofview.Initisnotonlyincludedtheroleofthe
students,professors,butalsothefamilyenvironment.

InChapter5,“HumansVersusComputers,Systems,andMachines:ABattleforFreedom,Equality,
andDemocracy”,itsauthorAlanRadleyexplainstousfromaninnovatingandphilosophicalperspective
howcomputers,operatingsystems,informaticsmachinesingeneralaremodifyingtherightsandduties
ofthehumanbeings,inaspecialway,theindividualandsocialfreedomsreachedacrosshistory.Inthe
chapterisanalyzedtheevolutionofthetraditionalconceptsrelatedtofreedom,democracy,etc.,andthe
changesthataretakingplacefromartificialintelligence,theautomationofthehumanactivities,etc.
Besides,theneedisexplainedforcountingwithtoolsthatboosttheprivateandsafecommunicationsin
theinternet.ForwhichreasontheauthorproposestheKeymail.Aseriesofnewconcepts,gatheredina
glossary,aredefinedbyRadley.Throughthesenotionsexplainedacrossthechapterisobtainedanen-
largedvisionofwhatisandwillbethefutureofpeopleinthedailyinteractionwiththenewtechnologies.

InChapter6,theauthorofthestudy“Cyberbullying:Description,Definition,Characteristics,and
Outcomes” isMichelleWright.Shehasbroachedoneof the topicswith thegreatest impact in the
trainingofthenewgenerationsthroughthenewinformationandcommunicationtechnologiessuchas
cyberbullying,inthecaseofthechildrenandteenagers,throughthesocialnetworks.Exceptionallyshe
makesanargumentofeasyunderstandingbythereaderofacomplexsubjectinourdays,startingbya
stateoftheart,wherearedefinedinanunderstandablewaythephenomenonandeachoneoftheterms
isdetailed.Simultaneouslytheresultsofthestudiesarepresented,includingtheroleoftheparentsand
theschools.Thesociologicalaspect,thesocialpsychology,theeventualsolutionstotheproblemand
someadvice,amongothersofthecurrentchapterareveryspecial,consideringeachoneoftheopen
lines,startingfromitforfutureresearch.
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InChapter7,theauthorsofthe“APsycho-PedagogicalModelforEvaluatingEffectivenessofStu-
dents’LearningontheBasisofElectronicVisualRows”areSvetlanaKostromina,DariaGnedykh,and
GalinaMolodtsova.Initispresentedamodelaimedattheprofessorstoassesscomprehensivelythe
effectivenessoflearner’sinformationacquisitionine-learning.Theresearchstartswithatheoretical
frameworkwherethereisawideandrichbibliographicalreferencestocontinuefurtheronwiththose
motivationsthatjustifytheelaborationofthecurrentmodelforevaluatingofeffectivenessofstudent’s
learning.Alsoaccompanythedetailedexpositionofthecontent,aseriesofexperimentscarriedoutwith
studentsfromwhichcanbeinferredthecomplexityofthestudycarriedout.Finally,thereisaseriesof
recommendationsderivedfromtheexperimentscarriedoutandthatmayserveasaguidelineforother
worksrelatedtoe-learning,forexample.

InChapter8,thestudycarriedoutbySandraG.Jiménez-González,RicardoMendoza-González,
andHuizilopoztliLuna-Garcíapresentedunderthetitleof“GuidelinesBasedonNeed-FindingsStudy
andCommunicationTypestoDesignInteractionsforMOOCs”hasfourmainkeywords:MOOCs(Mas-
siveOpenOnlineCourses),platforms,distanceeducation,anddesignguidelines.Thosewordsmake
apparentaverywellstructuredstudywithregardtoafirstserofdesignguidelinesforthedevelopersof
interfacesforMOOCs.Theproposalmadebytheauthorsencompassesfourtypesofcommunicationin
distanceeducation.Stepbystep,theauthorsexplainindetail,throughsynthetictables,eachoneofthe
techniquesandmethodsusedfortheelaborationofthedesignguide,tendingtocreateabridgebetween
educatorsanddistanceeducators.

InChapter9,AndreasKratkyistheauthoroftheresearchcalled“PersonalTouch:AViewing-Angle-
CompensatedMulti-LayerTouchDisplay”.Init theauthorrevealsthemainadvantagesofthelarge
formattouchscreens,especiallyforthemuseums.Thepersonaltouchsystemisafunctionalsolution
andwithattractivepracticalresultswiththeusersatthemomentofinteracting,whereanaugmented-
realitydisplaysystemcombiningrealobjectswithsuperimposedinteractivegraphics.Thechapteris
perfectlyinterrelatedineachoneofitsparts,withexamplesofarealproject.Intheexplanationofthe
personaltouchsystem,convergethenotionsofdesign,thefactorsconsideredintheimplementationof
thesystem,theheuristicforviewing-angle-compensation,etc.Finally,theexperimentscarriedoutwith
realusersallowsnotonlytoincreasethepotentialityoftheuseofthecurrentsolution,butalsoestablish
andboostresearchlinesintheframeworkofthehuman-computerinteraction,designofinteractivesys-
tems,augmentedreality,emergingtechnologiesforculturalheritageandtourism,amongmanyothers.

InChapter10,“SupportingMotionCaptureActingThroughaMixedRealityApplication”isstressed
theimportanceofthemotioncaptureinthecomputeranimation.Inthatsensetheauthors,DanielKade,
RikardLindell,HakanÜrey,andOğuzhanÖzcan,explaineachoneoftheoutstandingaspectsofthe
motioncaptureappliedtothehumanbeings,startingbyastateoftheartwherearealreadypresented
thechallengesofthecurrenttechnique,theroleoftheactorswiththeiremotionsandthecontextwhere
theywillbeimmersed.Besides,theyhavedevelopedaprototype,withwhichtheyaregettingpositive
results.Itssoftwareandhardwarehasbeenevaluatedwithrealusers.Inthetestcanbeseentheuseof
techniquesandmethodstocompilethedatastemmingfromtheformalsciences,asisthecaseofthe
interviews,tomentiononeexample.Theconclusionsreachedbytheauthorsallowtoknowbeforehand
certainemotionalreactionsoftheactorswhentheyareimmersedinthevirtualenvironments.

In Chapter 11, the research work “Facebook, Tele-Collaboration, and International Access to
TechnologyintheClassroom,”hastwoauthors,KarenWoodmanandVasiliaKourtis-Kazoullis.Init
isstressedtheimportanceofFacebookinthelearningintheclassroomworkingwithstudentsfrom
severalcontinents.Theauthorshavegotsplendidresultsingraduateeducationstudents’perceptions
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ontheuseoftechnologiesinclassroomsofAustraliaandGreece.Theexperimentshavedemonstrated
pointsofconvergenceintheonlineapplications,inspiteofthegeographicaldistancebetweenEurope
andOceania.Theseresultsmayservetoboosttheuseofthenewtechnologiesandthesocialnetworks
insidetheclassrooms.Theculturalfactorofthegroupofstudyhasboostevenmoretheresultsreached,
withthecrosshairssetonfuturestudies.TheuniverseofstudywasnotonlycomposedofAustralianand
Greekstudents,butalsoChinese,Filipinos,Malayans,SaudisandSouthKoreans.Anupdatedgroupof
referencesallowstobroadenthetopicsdealtwithinthechapter.

InChapter12,andunderthetitle“ContextualIssuesinGroupwareApplicationsforEducational
SupportGroups”,itsauthors,HuizilopoztliLuna-García,RicardoMendoza-González,LauraC.Rodrí-
guez-Martínez,MarioA.Rodríguez-Díaz,GuadalupeLara-Cisneros,CarlosR.Ordaz-García,Sandra
Mercado-Pérez,andAlejandroU.López-Orozco,presenttheimportanceofworkgroupsintheuseof
thenewtechnologies,withinandwithouttheclassroom.Themaingoalistoachieveabasicbutwell-
designeduserinterfacesforgroupwareapplicationsforwhichtheybasethemselvesontwomainaxes:
theusers’interactiverequirementsandthefunctionalrequirementstosupportusers’interactions.Inthe
backgroundsectiontheauthorsrevealthemaindifferencesbetweenHCIandUX,aswellasastateofthe
artofthepresentedtopic.Itisalsointerestingtostressthecorrectuseofsometechniquesderivingfrom
thesocialsciences,suchastheobservationinterview,focusgroup,etc.Inthisregardareincorporated
eachoneofthetacticsfollowedforthecompilingoftheinformationwiththeusers.

InChapter13,theauthorsoftheresearch“AnExploratoryStudyontheInteractionBeyondVirtual
EnvironmentstoImproveListeningAbilityWhenLearningEnglishasaSecondLanguage”,arePablo
A.Alcaraz-Valencia,LauraS.Gaytán-Lugo,andSaraC.HernándezGallardo.Theyhavefocusedtheir
researchonthestudyofEnglishasasecondlanguageinMexico.Theydoitthroughholographictech-
nologiesandaseriesofrecommendationsobtainedfromtheexperimentscarriedoutwithrealstudents.
Essentiallytheyhavebasedthemselvesonthelisteningfactorforthelearningofasecondlanguage,
andtheuseofholography.AsetofpremisessuchasdefinitionsoflisteninginlearningEnglishasa
secondlanguageandthepositiveandnegativestrategiesinordertoprocessperceivedaudioinput,has
led themtosurprising results, resorting toexperiments thatdidn’t requiregreat financial resources.
Onceovercomethestageofstudyofthestateoftheart,whichhasproducedawidecompilationof
bibliographicalreferences,likethediversestrategiesfollowed,theirresearchaimedatselectingthebest
technologyavailableforlisteningcomprehension,bearinginmindthecontextualfactor,theexperiences
andthebackgroundofthestudents,forinstance.

InChapter14,MehmetDonmez,KursatCagiltay,SerkanAlkan,FuatBolukbas,andGoknurKaplan
Akilliaretheauthorsofthestudythattheyhavecalled“UseofLargeMulti-TouchInterfaces:AResearch
onUsabilityandDesignAspects”.Experimentswithusers,interactivedesign,multi-touchinterfaces,
usability,etc.,aresomeofsomanyissueswhichareapproachedacrossthestudy.Initisstressedan
experimentalapproachincorporatingalargemultitouchinterfaceenvironment,forinstance.Inalmost
allthesectionsitiseasytodetectthepresenceoftheintersectionoftheformalandfactualsciences.
Thereisacompletedescriptionofthetechnologicalaspectsaswellasthemethodologyusedatthemo-
mentofcarryingouttheexperimentswiththerealusers.Theresultsobtainedduringtheanalysisofthe
eyetrackingdataofusersareperfectlyframedinthedomainofHCIandmakeupareferencepointfor
otheranalogousstudies.

InChapter15,“AMulti-AgentModelforPersonalizingLearningMaterialforCollaborativeGroups”
isthetitlechosenbyitsauthors,PabloSantana-Mansilla,RosannaCostaguta,andSilviaSchiaffino,to
giveareferencetothecurrentresearch.Themaingoalistheelaborationofamulti-agentmodelthat
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personalizesthedeliveryoflearning,especiallywhengroupsofcollaborativestudentsdenotealossof
knowledgeandorientationinthesearchofonlinematerials.Theexperimentscarriedoutinamethodical
andcomprehensivewayhaveallowedtocompiletranscendentalinformationtodetecttheerrorsofthe
studentsandparticularlyintheirsearchoflearningmaterial,writingsinEnglishandSpanish.Internally,
theresearchhasaclassicalstructure,wellarticulatedineachoneofitssections,andwithaspecializa-
tioninthemethodsforsearchingmultilingualdocuments.Thecomparativeworkinthestateoftheart
makesitpossibletoquicklydetecttheprosandconsinthechoiceofthebestalternativesasitcanbe
seeninsubjectsrelatedtothecomparisonofrecommendersystemsfore-learning:evaluationofsearch
resultsconsideredrelevant.amongothers.

In Chapter 16, the authors of the study “Scientific Information Superhighway Versus Scientific
InformationBackroads inComputerScience”areFranciscoV.Cipolla-Ficarra,DonaldNilson,and
JacquelineAlma.Itisstudywhereisexaminedthequalityoftheindexationofthescientificworksin
theinternationaldatabases,akintocomputersciences,computergraphics,human-computerinteraction,
augmentedreality,education,etc.Simultaneouslyareanalyzedtheworkplaceconsequences,whenthe
futureprofessionalsarealreadyexcludedinthestudentstagefromthepublications,regardlessofwhether
theuniversityispublic,privateorhybrid.Comparingthesehumanandsocialfactorswillleadtothe
generationoftwolevelsorscientificstrata,thosewhocirculateinthehighspeedhighwaysandthose
whoareliterallypushedtocirculatethroughthebackroads.mainlyforfinancialreasons.Ahistorical
analysisof themainonlinedatabasesorInternetbrowserallowstodetectcertainpowergroupsand
behaviourconsideredashumanfactorsthathugelydamagetheprogressofthehuman-computerinterac-
tionandthestudiesrelatedtotheemergingtechnologies.Finally,ispresentedafirstguidetodetermine
thequalityoftheresearchgroupsstartingfromthewayinwhichtheirpublicationsaremade,allegedly
belongingtothewholeofthosethatarecalledscientific.

InChapter,17,theresearchworkcalled“RenderingandVideoGames,”theauthorsareFranciscoV.
Cipolla-Ficarra,JacquelineAlmaandMiguelCipolla-Ficarra.Theymakeapparentatriadicrelationship
atthemomentofexaminingtheinteractivedesinginthevideogamesforadults,withspecialinterest
intherenderingofthestaticanddynamicimages.Besides,thechapterdwellsonthesoftware,hard-
ware,andinteractivedesignstrategiesfortheproductionofthree-dimensionalvideogames,aswellas
thegenerationofvirtualcharacters.Ineachoneofthesectionsthereisashortdiachronicreview,with
relationtotheevolutionofthesoftware,thehardwareandtheinteractivedesign.Theauthorspointout
thelimitationsofthepast,andindicatewhethertheyhavebeensurpassedinthepresent,substantially
intheoriginalcontentsandtheinteractionbetweentheuserandtheemergingtechnologies,whenwe
refertothecategoriesofinteractivedesign,forinstance.Lastly,theresultsarepresentedofaheuristic
assessmentofthevideogames,distributedinthewholeplanet,manyofwhichhavesetalandmarkin
thehistoryofpastimes,throughtheuseofthepersonalcomputer.
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You cannot build character and courage by taking away man’s initiative and independence
 – AbrahamLincoln(1809–1865)
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Intheshorttimethatisleftbeforeenteringthethirddecadeofthenewmillennium,itcanalreadybeseen
thetendencytowardsinvisibilityofthetechnologyinamyriaddevicesofdailylife,withinandwithout
thehome.Itsufficestowatchandthin,thepossibilitiesthatareofferedbycertainnewhardwaredevices
ofaverylowcostsuchastheRaspberryPicomputer(www.raspberrypi.org),whoseonlyorsimple
platehailingfromtheUK,hasasitsmaingoalthefosteringofcomputerscienceteachinginhighand
primaryschool.Theseplatesusedintheglassesandmirrorsgiveustheoptionofunfoldinginteractive
menus,opaqueand/ortransparent,withinformationrelatedtometeorology, themonthcalendar, the
time,newsheadlines,etc.(Figure1).Besides,itcanbeprogrammedtomanageseveraldevicesinthe
domoticorintelligenthouse,forinstance.Thecomputerisanopensoftwareanditsoperativesystemis
alreadycompatiblewithaversionoftheWindows10.

Thatis,technologicallyweareinametamorphosiswhichwilldrivesusfromminiaturizationtowards
theinvisibilityofthecurrentcomputerand/ortelematicdeviceskeepingorincreasingthecommunica-
bilitybetweenthehumanbeingsandcomputers.Inotherwords,thenewtechnologicaldevices,with
smallsize,withaminimalistdeviceandempathictowardsinteractionwilltendtomerge,exponentially
increasingtheirfunctions.Inthiscontext,quantacomputerscienceandtheexpansionofcommunica-
bilitywilltakeaveryimportantrole,thesameasartificialintelligenceandallitsderivations.Itisa

Figure 1. A cheap computer for intelligent glasses and mirrors
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vertiginousprocesswhichentailsquicklywideningthehorizonofnewneutralscientificresearch,that
is,noncommercial,foramyriadofpotentialnewusers.Inthissense,newandinterestinghorizonsare
openingforthehuman-computerinteraction(HCI),especiallythatwhichisaimedattheseriousness
anduniversalityoftheobtainedresults.

Sincethelate20thcenturythehuman-computerinteractionasanareaofscientificknowledgehas
passedfrombeinganintersectionofprofessionaldisciplinesof theformalandfactualsciencestoa
chaoticgatheringofsaidsciencesinthenewmillennium,wherethepartialfieldsofstudiesfromen-
gineeringusabilityofthe90s(Nielsen,1992)arenowadaystotalorglobalcontextsunderthelabelof
userexperience(UX).Oddlyenoughinthisboundlessexpansionofthehuman-computerinteraction
amongthehumanbeingsandthenewtechnologiesdifferentdynamicand/orstaticmediaofinteractive
communicationarestillbeingused.Itistherewherecommunicationand,veryspecially,thequalityof
communication,thatis,communicability,isoneofthevitalfocusesoftheresearchforthenewdecade
andespeciallynotonlywiththehorizonof2020,butratherwiththelookseton2050,intheeducational
andscientificfield,forinstance.

Thisendless inclusion inside thehuman-computer interaction inotherareasofknowledgeunder
expressive formulas such as interdisciplinarity, transdisciplinarity,multidisciplinarity, transversality,
etc.indicatethepresenceofthewildmercantilismofthesciencesandallitsderivations,startingby
teaching,whetheritissecularornot,andthetrainingofprofessionalsand/orexpertsofthissector.Itisa
disorderlywideningofnewhorizons,stemmingfromavariegatedrangeofprofessions.Someexamples
maybenuclearengineering,industrialengineering,fineartsgraduates,anthropology,mathematicians,
physicists,amongmanyothers.Professionalswhoaregeographicallylocatedandmostlyinthesociet-
ieswiththeoreticallydevelopedeconomies,butwhichhavefoundinthehuman-computerinteractiona
kindofpanaceafordailysurvival,andturnthisscientificsectoraspaceofstudywithoutrules.Thatis,
everythinggoes,applyingthepeckingorder.Infewwords,itistheeternaldilemmaofthelackofbal-
ancebetweentheformalandthefactualsciences(Bunge,1981;Ander-egg,1986),wheretheformertry
totakeaplaceofsupremacywithregardtothelatter.Oneofthegenesisofthatphenomenonhasbeen
theexpansionintheuseofthecomputers,whichleadsustoreviewpreviouslyandbrieflythenotions
ofsciences,mathematics,physicsandengineering.

Mathematicsisregardedasthe“godmotherofthesciences”,becauseofthegeneralityoftheresults
thatareobtainedfromit.Thatis,aprioriithasnoboundsinitsapplications,whetheritisinthestudy
ofthenumbersandthecalculationsaswellasthespaceandthestructures.Tosuchextentthatinour
dayseachoneofthetechnicalorscientificdisciplineswhichrangefromphysicstoengineering,orfrom
descriptivestatisticstocomputersciences,resortconstantlytothecalculation,analysisandmodelling
stemmingfrommathematics.However,inthefieldofthesocialsciences(Kincaid,2012),sometimes
thatexaggeratedquantificationappliedtotheelaborationofdesignmodelsofinteractivesystems,the
partialandgeneralizedconclusionsofheuristicanalysis,thequickextrapolationofnon-verifiedresults
ofresearch-in-progressetc.,allofthemaimedatthelearningprocesses,creativeororiginalcontents
fortheteachingofchildren,theelderly,thedisabled,etc.,mayseriouslydamagethecommunicability
amongthepotentialusersandthenewinteractivetechnologicaldevices.Quantifyingandquantification
arenotsynonymousofqualityandqualification,intwoessentialpillarsofthesocietiessuchaseduca-
tionandhealthcare,evenifmathematics,hasalongtraditioninthewholehistoryoftheevolutionofthe
civilizationsandalphabets(Veltman,2014)inourplanet.Ithasbeenthefirstdisciplineinhavingavail-
ablerigorousmethods,whichhaveallowedittoincreaseitsfieldofactionwiththecomputers.Inthis
regarditisworthmentioningtheequationsthathavechangedtheworld,accordingtoIanStewart:The
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PythagoreanTheorem,Logarithms,Calculus,LawofGravity,Thesquarerootof-1,Euler’sPolyhedra
Formula,Normaldistribution,WaveEquation,FourierTransform,Navier-StokesEquations,Maxwell’s
Equations,SecondLawofThermodynamics,Relativity,Schrodinger’sEquation,InformationTheory,
ChaosTheoryandBlack-ScholesEquation(Stewart,2012).

Physicsisoneoftheearliestacademicdisciplines,perhapstheoldest,sinceastronomyisoneofits
branchesofknowledge.Mostancientcivilizationsineachoneofthecontinentshavebeenlookingfor
explanationsofthefunctioningoftheirenvironment.Inthatsensetheystartedbyanalyzingthenightly
anddailysky,thatis,thestars,thecomets,themoon,thesun,etc.,andassociatedphenomenasuch
asthesunandmooneclipses.Thisledtomanyinterpretationsofamorephilosophicalthatphysical
nature.Consequently,inthosemomentsphysicswascallednaturalphilosophy.Manyphilosopherscan
befoundinthegenesisofphysics,suchasAristotleorThalesofMiletus(Moledo&Olszevicki,2015),
amongothers,becausetheywerethefirsttotrytofindsomekindofexplanationtothephenomenathat
surroundedthem.Duringthesetwolattermillennia,physicswasregardedaspartofwhatiscurrently
calledphilosophy,chemistryandcertainbranchesofbiologyandmathematics.Inthe17thcentury,with
thescientificrevolutionitbecameamodernscience.However,insomespheressuchasmathematical
physicsandquantumchemistry,theboundariesofphysicsarestillhardtodistinguish.Hereisafield
wheretheboundariesareveryelastic,temporallyandprofessionallyspeaking,apartfromthefactthat
physicscanbedefinedsyntheticallyasanaturalscienceswhichdevotesitselftothestudyofenergy,
matter,timeandspaceaswellastheinteractionofthesefournotionswitheachother.

Historicallyphysicsprecedeselectricengineering.Electricengineeringappliesknowledgeofsciences
suchasphysicsandmathematics.Givenitsevolutionintime,nowitencompassesaseriesofdisciplines
whichincludetelecommunications,electronics,controlsystemsandtheprocessingofsignals,electri-
calengineering.Itisnecessarytorememberthatinrelationofthespatialorcontextualvariablethatis
used,thetermelectricengineeringmayornotencompasselectronicengineering,whicharisesasone
subdivisionofitandhashadanimportantevolutionsincetheinventionofthetubeorthermo-ionvalve
andtheradio.Thatis,primarytechnologyforthebirthanddevelopmentoftheGlobalVillage,inthe
20thcentury(McLuhan&Powers,1989).

Initsbeginningsengineeringwasrelatedalmostexclusivelytomilitary,governmentandreligious
activities.Itsufficestomentionthefortressesandtheirembankments,theroadsandthebridges,the
portsandthelighthouses,etc.AgeniusofRenaissancesuchasLeonardoDaVinci,interrelatedexcep-
tionallyartwithengineering,asitcanbeseeninthewidecollectionofhismasterpieces.Inpeacetime
engineering,theoretically,hastobeattheserviceofthewellbeingofmankind,excludingthebellicose
framework.Hencethatwhentheearlyuniversitiesstartedtoofferthiscareertheycalleditcivilengineer-
ingtodistinguishitfromthatcarriedoutbythewarriors,thatis,militaryengineering.

EtymologicallythetermsciencesstemsfromtheLatin“scire”whichmeanstoknow.However,the
Latinverb“scire”referstoaformofknowledgeandaccumulationofknowledge.MarioBungeclaims
thatsciencegrowsfromcommonknowledgeandsurpassesitwithitsgrowth(Bunge,1981).Scientific
researchstartsinthesameplacewhereexperienceandknowledgestopsolvingproblemsorevenap-
proachthem.Inotherterms,itisthesocialpracticewhenthehumanbeingfacesaseriesofproblems
whichcan’tbesolvedwiththedailyknowledge,northroughcommonsense.Thisisaverycommon
mistakebyusingindiscriminatelythenotionofempathyininteractivedesign,inmyriadsituationsmore
relatedtosocialcommunicationthatwiththeactualexperienceoftheusers.Thatis,cyclicallythesame
mistakesarerepeatedwhichattheendofthefirstmillennium,whentheywereusedassynonymous,on
thebanksoftheEuropeanMediterranean,thenotionofusabilityandaqualityattributeforaninteractive
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system,whetheritisonlineoroffline,suchasaccessibility,whatLeggettandSchnase,callshyperbase
(Leggett&Schnase,1994),thatis,thedatabase.

Simultaneously,Aristotleclaimedthattothehumanbeingeagertoknowandwidenhisknowledge
externalgraspofeventsandobservationisn’tenough,norcommonsense,sincetherearephenomena
whichcan’tbegraspedsolelyattheperceptivelevel(Moledo&Olszevicki,2015).Thatis,itisneces-
sarytoovercometheimmediacyofthesensorialcertaintyofthespontaneousknowledgeofdailylife.
Preciselyitisthisqualitativeleapwhichleadsustoscientificknowledge.Undeniablythisdoesnotmean
anextremediscontinuityasfarasnatureisconcerned,butyesconcerningmethod.Betweenbothtypes
ofknowledgethedifferentiatorisn’tgivenbythenatureoftheobjectofstudy,butbecauseoftheform
orprocedureofacquisitionofknowledge,particularlyinthesocialsciences.Incontrast,inthesciences
ofphysics,forinstance,thereisatotalbreakbetweenbothkindsofknowledge.Hereisanotheressential
differencebetweenformalandfactualsciences.Ashorthistoricalreviewoftheevolutionofscienceal-
lowsustocompleteafirststate-of-the-arttobetterunderstandcertaincausesandeffectsofsomehuman
andsocialfactorsintheframeworkofthenewtechnologieswhichwillbeapproachedinthehandbook.

Thegreeksconsideredtwodimensionsofsciences:onetheoreticalandtheotherpractical,butthey
focusedonthefirstone.ItwastheArabswholeaningonGreekknowledgeconcernedthemselveswith
theapplicationofsciencesinitspracticalfunctionanditsutilitariancharacter.Preciselythepractical
accessibilitycontainsthenotionofutility,anditisoneofthebranchesfromwhichderivestheterm
“usability,withitsfiveclassicalprinciplesfortheuseoftheearlyhypertextualsystemsattheendofthe
80sandearly90s,whichwereenunciatedbyNielsen:easytolearn,efficienttouse,fewerrors,easyto
remember,andsubjectivelypleasing(Nielsen,1990).However,thoseprincipleslackedattributesand
qualitymetrics(Nielsen,1990;Nielsen,1992),aswellasaprocedurefortheirevaluation,startingby
thedesign,wheretheequationquicknessofevaluation,highqualityoftheobtainedresultsandlowcosts
werepresent.Inthissense,several“classical”disciplinesofthefactualsciences,forinstance,havebeen
veryusefultofillthatmeasurementvoid,resortingtonotionsofsemiotics,designmodelsoftheinterac-
tivesystems,thehuman-computerinteractionandsoftwareengineeringamongothers.

WithFrancisBaconstartsatraditionofaccumulationofdata,observationsandformulationofhypoth-
esis(Ander-egg,1986;Moledo&Olszevicki,2015).ThisprocesspeaksattheendoftheRenaissance
withGalileoandNewton,inthe16thcentury,andscienceappearsinitsmodernsenseofnotion,witha
commondenominatorsuchasitsrationalisticandempiricalcharacter.TheRenaissanceandHumanism
createtherightclimatefortheirruptionanddevelopmentofsciencebyovercomingthetendenciesto
abstractspeculationanddogmatismtypicaloftheMiddleAges.Thehumanistswereheirsofageneral
paradigmindissolutionandtheydidn’thaveanewparadigmwithwhichtoreplaceit.However,theywere
contributingtodrawitsgenerallines,havinggotridofthetheologicalissues,asidefromthescholastic
discussionsbetweenrealistsandnominalists.

Thehumanist,thescientist,theartistandtheRenaissancetechnician,manytimesrolledintoone
(nowadays,wecanfindthistendencyinsomepseudoexpertsinhumanisticcomputerscience,forin-
stance).However,theyatthattimestartedtheunionbetweenexperimentalscienceandmathematics,
betweenempiricalpracticeandtheory,establishedanewwaytoperceivetime,spaceandtheworldwhich
gaveitsfoundationstothemechanicalphilosophyofthe17thcenturyandthescientificrevolution.In
short,itisn’tanylongeraboutmakingspeculations,butdirectlywatchingthefacts.Thesourcesofsci-
encearen’tgivenbyargumentsofauthority,butbyprinciplesandlawswhicharededucedfromreality.

Fromthe17thcenturyonwardsscienceandtechniquewillbejoinedinaincreasinglynarrowerreci-
procityoffunctions.Scienceceasestobea100%intellectualactivityinitselfandforitself,aknowledge
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ofthings,toacquireeverytimemoreaclearmotivationaimedat“doingthings”.Thetechniques,thatis,
theinstrumentsofthepracticalactivities,starttobeusedfortheadvanceofscience.FrancisBaconpoints
outtheimportanceofstatisticsfortheprogressofthesciencesandtheneedforempiricalverification.

TheempiricismofBaconwillinfluencethenewwaysofapproachingreality,thatis,theobservation
andexperimentationwillconstitutethemainsourcesofknowledge.Kantwillstresstheimportanceof
reasonasasourceofknowledge.Inourdays,sometimes,theempiricalverificationmaynotexistwhen
theresultsobtainedwiththenewcollegestudyplansofthenewmillenniumareexamined,suchasthe
reductionofthetimetoobtainuniversitydiplomaswiththesimplepurposeofincreasingthestatistic
numberofthepopulationwithcollegedegrees.

Takingthisshorthistoricalroutetothesurfaceofacompass,itispossibletoestablishthecardinal
pointsoverwhichtheneedlepassesatthemomentofgettingorientationnotonlyinthestrategicsectors
ofthenewtechnologiesofinformationandcommunication,butalsoinknowingthemotivationsand
reasonforwhichcertainhumanandsocialfactorsrelatedtothehuman-computerinteraction,tomention
twoexampleslastwiththepassingoftime(Salvendy,2012).Therefore,adiachronicviewisalways
necessary.Besides,itisoneofthemainstrategiestoescapethelastfashionsinissuesofresearchand
development(R&D),generallyfosteredfrompublic,privateorhybridfinancialbodiesforthesaleoftheir
servicesand/orproducts,relateddirectlyand/orindirectlytothelatesttechnologies.Theresearchthat
doesn’tbelongtothesetofthe“latestfashions”iswherethescientificprinciplesareusuallyrespected
inalmost100%ofthestudiedcases.Besides,thesearecentreswhereisfosteredthecreationofsolid,
dynamicandavant-gardestructure,sincethemercantilistfactorpracticallydoesn’texist.

Thismercantilistfactor,aimedatobtainingthegreatestprofitsintheleastpossibletimeinourdays
isgnawingatnotonlythescientificsystembutalsoatitsstructure.Astructurethatentailsalongtime
inbeingsetupandseeingitworkcorrectly.Forinstance,inthetransitionfromtheoldtothenewmil-
lenniumandwiththedemocratizationoftheinternet(Carr,2010),manymadeaheavybetonthevirtual
firms,ecommerce,etc.thusgeneratingabubblethatburstinthefirstdecadeofthe21stcentury.The
motiveswereseveralrangingfromthespeedofthenetworkstotheissueofsecurityinthetransactions,
goingalsothroughthereliabilityofthepotentialusersinthefaceofthetechnologicalnoveltyaswell
asthedifferentspeedinwhichthehardwaremovesinrelationtothesoftware(theformerisfasterthan
thelatter).

Currently,andinthissense,someapplicationsofthesocialnetworks,suchasYouTubemaybeof
greatusetodetectatmeresightthequalityofexperimentscarriedoutinthecontextoftheuserexperi-
ence(UX),HCI,usabilityengineering,etc.,withusersatthemomentofinteractingwiththecomputers,
tablet,PC,iPhone,etc.Forinstance,intheFigures2,3and4weseeanexperimentwithrealusersina
Barcelonaassociationwhichhascededaclassroomwithcomputerstocarryoutanexperimentrelated
tothevideogamesfortheelderly(positiveageingorzeroageing,financedbyfoundations,banks,gov-
ernmentbodies,universities,etc.,localand/orEuropean).However,theresultsobtainedtonotadjustat
alltopreviouslydescribedscientificandexperimentalprinciples.Insaidimagesitcanbeseenatmere
sightthatnotonlythecomputersaren’tequalamongthemselves,whetheritisfromthepointofview
ofthehardwareandthesoftware(keyboards,mouse,monitors,etc.)preventingthestandardizationof
thetimeofaccesstotheapplications,sincetheyaredifferentfromeachother.Besides,thereareusers
whodonotreallybelongtothethirdageaswellasyoucanseeparticipantswhointeractwiththePC
individually,betweentwoormore,asitcanbeseenintheseveralframesthatmakeupthevideo.This
isasmallexampleofhowitisnecessarytoeradicatethefadsintheeducational-experimentalfield.
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Figure 2. Experiments that do not abide by the epistemological principles of the factual sciences

Figure 3. Not all the users belong to the third age
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NowinsidethecurrentcontextofthelatestnoveltiesoftheNICTs(NewInformationandCommunica-
tionTechnology),tworhetoricalquestionsareelementary:Howtopreventthefashionsorratherpseudo
fashion,essentiallyinthetrainingstageofthewould-beprofessionals?Apriori,whatnewtechnologies
canescapethefleetingphenomenonofthefashionsorofaccessonlytoagiveneliteofthepopulation
withthelooksetonthefutureinthemiddleandlongterm?

Thefirstquestionfindsaverybriefandsimpleanswerderivedfromthedatabaseswherethescientific
worksareindexed.Inthemitcanquicklybedetectedtheability,thecompetence,theknowledgeand
thescientificprofileoftheprofessorsofgraduateprograms,engineeringcourses,masters,specializa-
tioncourses,doctorates,post-doctorates,etc.Thereitiseasytocheckwhetherintheirstudentperiod
thoseprofessorshavemonographicpublications,thatis,withasingleauthor,themainauthor,orinall
theirpublicationsthereareseveralauthors.Ifalltheirpublicationshaveseveralauthors,itmeansthat
thedegreeofscientificproductionissharedinastagewhichshouldbeautonomousormonographicto
showtheirabilityofresearchingself-sufficiency.Inbothcasesitisalsoimportanttodeterminethetotal
ofinternationalpublicationsofthatperiod.

Avalidparameterofa“PhDProfessor”istohavehadatleastfive(minimun)orseven/ten(ideal)
monographicorautonomouspublicationsirrespectiveofthedatabasewherethoseinternationalscien-
tificpublicationshavebeenindexed.Thisparametermaysoundtomanyheadsofthecurrenttraining
coursesintheEUassomethingoldorofthepastcentury.However,itisthevitalkeytodeterminethe
qualityofteaching.Besides,itisthewaytopreventthatthestudentsand/ortheirparentsfallintothetrap
oftheeducationalmercantilism,attractedbythemermaidsongofadvertisingorpropaganda,manifest
orlatent,inthetraditionalmainstreammedia(radio,tv,newspapers,etc.)andinthesocialnetworks.
Mermaidsongsfor the localandglobalpromotionwhich includeeven thepossibilityofpublishing
scientificarticlessincethefirstmonthswhenthestudentistakingsubjectsofamaster,forinstance.

Itisalsoveryimportantthatallthepromotedcourseshaveafreeaccesstothedetailedinformation
ofeachoneoftheprogrammesoftheirsubjects,withtheirmatchingbibliographicalreferences:the
listingoftenuredprofessors,assistants,aids,withtheirmatchingcurricula;theequipment(software
andthehardware,forinstance)inthelabsfortheexperimentsorpractices;thededicationoftheheadof
departmentandhis/hercollaboratorstoteachingandresearch,thatis,iftheyarepart-timeorfull-time,

Figure 4. Non-homogeneous use of software and hardware
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amongmanyothervariables,belongingtothetransparencyandfreeaccesstoonlineinformation.When
therearenointernationalpublicationsortheyaremostlyshared,thefacultyofthetraining/university
centrewilltendtonottrainthestudentstofaceinanautonomousandefficientwaythechallengesatthe
workplaceoncetheyhavefinishedtheirstudies.Tosuchanextentthatnowadaysmanycomputerscience
techniciansinthesouthofEurope,whocarryoutoutsourcingtasksforthemaintenance,installation,
etc.,ofprinters,computers,servers,etc.,donotknowhowtosolveinanindependentandprofessional
waytheproblemsposedtothemwithoutpreviouslycontactingtheircolleaguesfromtheirheadquarters
throughthecellphoneortheinternet.

Withregardtothesecondquestionsometimesitisnecessarytogivetimetotimewhenwearein
thefaceofcertaindiscoveriesand/orinventionsinthetechnologicalframework.However,ourcompass
allowsusalreadytoanticipatesomeroadstobefollowed(Ross,2016).Inthefirstplace,everything
concerningartificialintelligenceandespeciallydomesticroboticswillgenerateanewmarketofproducts
andservices,particularlyintheAsiancountries,wherecertainculturesaccepttherobotasyetanother
memberofthefamily.Inthisregarditcanbestressedtheroleoftheandroidswithahumanface,asit
canbeseeninFigure5.Herealsoaninterestingfieldofstudyisopeningupbetweenrealismandthe
artificialityofthehumanmovements,atthemomentofsimulatingoremulatingthatreality.InAmerica,
EuropeandOceaniaindustrialroboticsandeverythingconcerningautomatismwillkeepongrowingin
anexponentialway.

Thesocialnetworkswillkeeponhavingtheirupsanddownsforreasonsofdifferentiationbetween
freedomanddebauchery.Thiswillleadtoafurthercontroloftheaccesstotheinternetuntildoingitin
anominativeway,likethatwhoaccessesabankaccount,fromthehome.Sothateverythingconcerning
cybersecurity,cyberbehaviour,rightsandobligationsoftheusers,etc.,willtendtoexpand.Thedigital
nativeswillnotopposethelossoffreedoms,becausewithoutthedevicesofthemultimediamobilephones
andalltheirapplicationstheywouldhavedifficultiestocarryoutarithmeticoperations,suchasdivisions
andmultiplicationsandtheywillincreasinglylosetheirskillsforthereadingoftexts,digitalornot,as
wellindicatesabcinhisworkabc.Therefore,thearchitectureofinformationanddataanalysisisanother
sectorwhichwilltendtogrowtotheextenttowhichtheaccesstotheinformationwillremainfreeand

Figure 5. Android with a human face (kodomoroid) 
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withoutcost.Inthisfieldspecialistswillbeneededbecausetheuseroftheinteractivesystemsofthe
nextdecadeswilltendtoloseskillsforlearning,memorization,theabilitytoestablishassociations,etc.

Ahumanbeingwhowillundergogreatenvironmentalandtechnologicalchangesthroughthesmart
cities.Wherethedroneswillnotsimplybedevicesforthetransportationofbooksorotherobjects,but
alsoameansofairtransportationforpeople,whetheritisinacarorabikeasitcanbeseenintheFig-
ures6and7.Atthehomethewirelessnetworksandtheautomaticdevicesareopeningservicesectors
startingfromtheinteractivecommunicationssuchasdomoticssincethestartofthenewmillennium.

Everythingconcerningmedicineand theuseof thenew technologieswillkeepopening thegap
betweenthegreatscientificbreakthroughswhetheritisintheframeworkofgenomicstheinteractive
systemsandthebrainhandleddevices,scientificvisualization,three-dimensional,etc.withthoseusers
andpatientswhohaveaccessnottothelatesttechnologicalbreakthroughsbuttothesimplestofthe
healthcaresystems.Publicorprivatehealthsystemswherethepatientandtheenvironmentofcloserela-
tivesarecentralandnotperipheral,suchassimplenumericaloralphanumericcodesofahealthsystem.
Theyhavetokeeponbeinginformedconstantlyabouttheevolutionofthediseaseandtheoptionsabout
thedifferentmethodsandtechniquestoadvanceinthebestpossiblewayinthehealingofthediseases
ortheimprovementofhealth,inasafeandcontrolledway.Thisisafieldwherethebreakthroughsin
thematterofecommerceshouldbemoreapplied,especiallywheninformationisgiventothepatients
andtheircloserelatives.

Figure 6. Prototype of a bike
Source: Scorpion-3, hoverbike (www.hoversurf.com)
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Fromallthesectorsenumeratedthelatestisthemostimportant,becausetherealheritageofthe
humanbeingwillkeeponbeinginvisibleandwillbecalledhealth.Besides,healthcareandeducation
aretherealcornerstonesofanycommunitythatcallsitselfdeveloped.Therefore,yesterday,todayand
tomorrowthenewtechnologiesofcommunicationandinformationmustbeattheserviceofthehuman
beingandnottheotherwayaround.

Lastlyeachoneofthediverseresearchworkscompiledinthecurrenthandbookgeneratesakindof
strategiclinks,indispensableanddynamic,oftheoreticalandpracticalknowledge,whichwillnotonly
helptoanalyzeandbetterunderstandthecurrentsituationofthesciencesandsomeofitsdisciplines,
butalsogoaheadofthefutureareasofscientificinterestanddailycoexistenceformillionsofusersof
thenewtechnologies,professors,students,researchers,businessmen,industrialists,designers,among
somanyothers.

Francisco V. Cipolla-Ficarra
Latin Association of Human-Computer Interaction, Spain & International Association of Interactive 
Communication, Italy

REFERENCES

Ander-egg,E.(1986).Techniques of Social Investigation.BuenosAires:Hvmanitas.

Bunge,M.(1981).The science: Your Method and Your Philosophy.BuenosAires:SigloXXI.

Carr,N.(2010).The Shallows. What the Internet is Doing to Our Brains.NewYork:W.W.Norton.

Kincaid,H.(2012).The Oxford Handbook of Philosophy of Social Science.Oxford,UK:OxfordUni-
versityPress.doi:10.1093/oxfordhb/9780195392753.001.0001

Figure 7. Experimental transportation of people in cars
Source: EHang 184 (www.ehang.com)

xxxix

http://dx.doi.org/10.1093/oxfordhb/9780195392753.001.0001


Introduction

Leggett,J.,&Schnase,J.(1994).ViewingDexterwithOpenEyes.Communications of the ACM,37(2),
76–86.doi:10.1145/175235.175241

McLuhan,M.,&Powers,B.(1989).The Global Village: Transformations in World Life and Media in 
the 21st Century.Oxford,UK:OxfordUniversityPress.

Moledo,L.,&Olszevicki,N.(2015).History of Scientific Ideas: From Tales of Miletus to God Machine.
BuenosAires:Planeta.

Nielsen,J.(1990).BigPlaybacksfrom‘Discount’UsabilityEngineering.IEEE Software,7(3),107–108.

Nielsen, J. (1992). The Usability Engineering Life Cycle. IEEE Computer, 25(3), 12–22.
doi:10.1109/2.121503

Ross,A.(2016).The Industries of the Future.NewYork:Simon&Schuster.

Salvendy, G. (2012). Handbook of Human Factors and Ergonomics. New York: John Wiley.
doi:10.1002/9781118131350

Stewart,I.(2012).Seventeen Equations that Changed the World.London:ProfileBooks.

Veltman,K.(2014).Alphabets of Life.Maastricht:VirtualMaastrictMcLuhanInstitute.

xl

http://dx.doi.org/10.1145/175235.175241
http://dx.doi.org/10.1109/2.121503
http://dx.doi.org/10.1002/9781118131350


1

Copyright © 2018, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  1

DOI: 10.4018/978-1-5225-2616-2.ch001

ABSTRACT

We present the importance of analogical and digital cartography in the reconstruction of the cultural 
heritage of the first nations. Besides, through the cartographic information and the interactive multimedia 
systems, we examine the metamorphose of ancient pre-Columbus constructions, whose physical sites 
were based in the advanced knowledge of those civilizations in astronomy issues. We also present the 
main stages in the digital cartographic generation for their later use in the multimedia systems. Finally, 
we sum up the difficulties in the diffusion of certain historic contents compiled in the off-line multimedia 
supports, in the Internet and in the current social networks.

INTRODUCTION

As a rule, in daily life human beings have some points of reference of the architectonical surroundings, 
such as a mountain, a river, a tower, a fountain, a monument, a square, a market, etc. They are natural 
and/or artificial spaces which serve to orient people in their constant daily activities. The importance 
of those points of reference is easily detected at the moment they undergo an unexpected modification, 
thus generating a disorientation in the perambulating of people. For instance, after a strong quake, in 
which those points of reference are totally destroyed, many people surviving to the catastrophe do not 
know where to go. In those situations, neither signage nor cartography, for instance can help 100% 
those people, since the human and social factors overcome for a lapse of time the help coming from 
the convergence of the last generation software and hardware. The current research work is structured 
in the following way: a brief state-of-the-art, the phases in the generation of the traditional and digital 
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cartography, examples of historical and analogical cartography, the analysis of a multimedia system 
where there is a theoretical-practical intersection of the main issues of the current work, the learned 
lessons and the conclusions.

It is in the creation of maps where there is an intersection of computer graphics, digital photography, 
digital impression, satellites, cultural algorithms, etc. (Cipolla-Ficarra, 1993; Dent, Torguson, & Hodler, 
2008; Reynolds, Ali & Jayyousi, 2008) As a rule, in the institutions charged with the cartography of 
a territory such as can be for geopolitical reasons, it is easy to come across with a classical structure, 
divided into three main areas, such as photogrammetric, satellite image and thematic (Cipolla-Ficarra, 
1993; Robinson, et al., 1995). The greater the quality is in the grasping of the first images and the data 
in general, the fewer are the mistakes to be corrected, and consequently the sooner optimal results will 
be obtained from the qualitative point of view. In photogrammetry, the data are obtained in a vertical 
way, through a photo camera (Wild RC 30) implemented in a plane, for instance. Later on, the pictures 
are developed (Cipolla-Ficarra, 1993).

In the 90s and in the institutions devoted to these tasks such as ICC (Catalan Institute of Cartography 
–Barcelona, Spain) each photogram was of about 23x23 cm (Cipolla-Ficarra, 1993). The union of the 
pictures of a first stereoscopic vision of the surface, that is, is seen in relief. The digitalization of the 
pictures is made with a scanner. The images stemming from the satellite contain information compiled by 
sensors capable of “reading” the electromagnetic radiation emitted by the earth surface. Such radiation is 

Figure 1. A classical group of figures of the 90s for the obtainment of analogical and digital images for 
digital cartography: plane with Wild RC-10 photogrammetric cameras, cameras for oblique photography 
Rollei 6008, etc.), scanner to digitalize analogical images, manual edition, plotter printer, etc., to get a 
high-resolution map, field work (geodesy)
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variable in relation to the coverage of the earth, that is to say, it is not the same in a forest as in a desert, 
since the vegetation also emits radiation. There is a calculation process in the sensor with relation to the 
waves inside the band of the electromagnetic spectrum. All of that in relation to the information units or 
resolution elements: the pixel (Cipolla-Ficarra, 2015). Since this information is digital, it is stored quickly 
in the databases. Finally, the thematic starts with an analysis of the different sources of data collection, 
which is related to the work or project that will be carried out. In other words, there is a convergence of 
satellite images, aerial pictures taken from planes, statistical data, geographical information systems, 
atlas and/or digital encyclopaedias, etc. (Dent, Torguson & Hodler, 2008; Riffenburgh, 2014).

A CLASSICAL TREATMENT OF THE IMAGES IN THE INTERSECTION 
OF THE ANALOGICAL AND DIGITAL GRAPHIC ARTS

The compiled photogrammetric data are processed bearing in mind several stages, such as the orientation 
of the photographs, to the purpose of establishing the location of the photo camera in space and in each 
instant of the area being worked on; the photogrammetric restitution (digital format of the images); the 
field revision, to verify what was made in the previous stage, since there can be components not included 
for reasons of dimensions, shadows, etc. These are incorporated into the successive stages; the digital 
edition and finally the drawing of the digital map with in a large dimension and high quality plotter.

Another of the tasks in cartographic elaboration consists in generating an elevation model of the 
territory which has been flown over. This is a 100% activity of three-dimensional graphic computing, 
with the purpose of modifying the possible geometrical mistakes, elaborating perspectives, etc. The 
geometrical changes correspond to the application of dots on the vertical of the ground they depict. The 
motivations of these activities consist in controlling and/or adjusting the variations of the height of the 
plane at the moment of the compiling of the information. The image obtained is called orthophoto. This 
image was traditionally filmed with a laser printer. In this way, what is called an orthomap, is obtained 
at the moment of editing that film.

The images of the satellites are accumulated into its different channels. Through a special software it 
is determined which channel will carry more information per every pixel. The channels have the colours 
cyan, yellow and magenta. With these colours, a primary image of the area is obtained, but whose colour 
is not the real one. Here also several tasks of geometric makeovers are made in order to improve the image 
from the radiometrite point of view, eradicating the eventual atmospheric “noise”. Besides, it is possible 
to highlight the valleys, rivers, etc., stressing the lineal shapes. Finally, the obtained image is transferred 
to a high-resolution laser printer. If that image is oriented towards thematic cartography, for instance, it 
is at this moment where subtitles would be introduced, for instance. Besides, classes are established and 
the symbology to which they refer. Later on, are included the geographical units which are considered, 
and in relation to the classes, technically called classified base. To the purpose of differentiating each 
zone a colour, a texture, a shape is used, etc., which follows previous parameters of universal coding for 
a better local and global communication (Rosneberg & Grafton, 2012; Salvendy, 2012; Shneiderman, 
2002; De Kerckhove, 1999; Sebeok, 2001). All these data come generally into the phase usually called 
“process control” to verify the data stored in the digital supports. The inconsistencies and/or mistakes are 
corrected through the digital edition. Once that control is overcome, in the late 90s, the map was filmed 
and later on reprinted. In the new millennium, the drones with very high resolution digital cameras can 
not only speed up the process control stage, but the quality and the accuracy of the early photographs, 
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it considerably reduces the time of processing the information and besides, the costs. For instance, in 
the following figures related to the last survivor of a language belonging to an indigenous culture in the 
south of Chile, its points of reference are the mountains and the lakes.

A natural environment which has changed very little across the centuries since there are no architec-
tonic constructions which have survived the passing of time, such as the pyramids in Central America, 
for instance. However, in the natural environments of the mountains and the caves, in the south of the 

Figure 2. Last indigenous linguistic survivor (living treasure of humanity, according to UNESCO) in 
Chile (www.elpais.es –09.01.2014)

Figure 3. Photographs of the 19th century of the natives in the south of the American continent who 
spoke yagan (www.elpais.es –09.01.2014)
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American continent, there is also the astronomical and artistic confluence, in several geographical spots. 
One of them is the yellow cave, where the cave paintings of the first nations join the advanced studies 
of astronomy of those inhabitants in regard to the movements of translation of the sun, for instance. 
Those are millenary works which allow one to apply the new technologies for digital photography. For 
instance, the method of infrared reproduction of the cave paintings, by Asbjörn Pedersen (Ferreira-Soaje, 
2011), as can be seen in Figures 5 (left and right areas). In the Figure 5, on the right side, we have the 
real situation on the wall of the cave and on the picture of the right the application of the infrared in pho-
tographic reproduction. In the Figure 6 it can be inferred a first map of the context of those inhabitants 
in Córdoba (Argentina) by including the course of a river, for instance. In this regard, a first parallelism 
can be established with the ancient Italic maps, as it can be seen in the Figure 8.

Figure 4. Photographs of the natural environment of those towns, visited by Darwin, for instance, in 
Williams Port (www.elpais.es –09.01.2014)

Figure 5. The use of the new technologies (infrared reproduction) allows the effective circulation of 
millenary images
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For instance, Figures 7 and 8 depict the early cartographers when depicting the natural environment 
that surrounded them in the graphic media then available. In contemporary cartography, the image can 
be digital from the start or not. This factor has an influence on the process that will be used. The basis 
of current cartography can be integrated in the current geographical information systems, where on 
the one hand we have the cartographical information of a road, for instance, which is a map where a 
cartographer has intervened. Besides, we associate to it alphanumerical information, such as the height 
of a crossing of avenues, with regard to sea level, for instance. In few words, in our days, there are still 
maps where you have to go to the ground, for instance, in the historic urban case. If it were measured 
from the air, data would be missing, such as the information regarding whether that road is passable or 
not, if the course of the water is permanent or not. Consequently, it is necessary to go to the place, and 
carry out the study of the zone. In short, both kinds of images complement themselves, in the interactive 
cartography or not, of the third millennium.

THEMATIC CARTOGRAPHY AND SCALES

Thematic cartography refers to the maps where are included the elements of the daily reality of the 
human beings, for instance, the density of the population, the water resources, the concentration of 

Figure 6. The subject of astronomy is a common denominator in the pre-Columbian culture where the 
Sun held a central place in daily life
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Figure 7. Set of cave figures where is depicted the local fauna, the course of a river and a hunter

Figure 8. Map of a river zone hand-made and in colour in the 18th century
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polluted area in a city, etc. These data are depicted by a conventional symbology which is usually at 
the foot of the map. The obtained result is thanks to the cartography systems, the CAD and self-editing 
applications (Cipolla-Ficarra, 2010; Styliaras, Koukopoulos & Lazarinis, 2011). On it there is an in-
tersection of the diverse sectors of cartography, such as: satellite images, statistics, documentation, 
design, communication, etc. (Salvendy, 2012; Shneiderman, 2002; Veltman, 2006; Eco, 1977; Bergehel, 
1997; Cipolla-Ficarra, 1993). On the map, every area is drawn with a determinate colour, texture, etc., 
in relation to the selected code. This kind of map is essential in the developing countries or with great 
expanses of land, for instance. Traditionally in Europe cartography has a scale of 1:25,000 (a centimetre 
of the map is tantamount to 25,000 centimetres in reality). If the map of a country ten times bigger than 
Spain is selected, for instance and less developed from the economical point of view, a satellite image 
is of great informative value. Besides, if the satellite has active sensors incorporated (radars) to carry 
out a better cartography of the covered areas, such as the Amazon rainforest. Radiometry allows us to 
pick up information over the presence of rivers, the relief of the ground, etc. The quality of the obtained 
results depends on the kind of radar sensors. A good sensor may determine what the harvest of cereals 
will be like in a given region, through a spectral analysis, and can also make possible the discovery of 
pre-Columbian architectonic constructions, in the rainforests of Central America, in the second decade 
of the new millennium.

Figure 9. Pyramid discovered in 2009 in the border of Mexico with Guatemala with full colour paintings 
of the daily life of the Mayas (www.elpais.es –11.09.2009)
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It is through the numbers of the scales that the technological resources used for the making of the 
maps are divided. There are several great groups. For instance, those who are included in the following 
set of 1:50,000 and those who go beyond those values. Now until 50,000 photogrammetry is used (air 
pictures from a plane, added to the satellite photographs). In the 90s they were digital from the start of 
the process, in 99% of the cases, which means a great advantage in the realization process. From the 
50,000 onwards, it is an area of drawing and edition mechanisms. Traditionally, two planes were used. 
With the obtained data, first, an aerial triangulation was and made and second there was a process of 
orientation of the frames (the place picks up the frames with movements or with a certain orientation). 
Through stereoscopy the “z” coordinate is located. That is what configured the 3D delineation inside 
the photogrammetric devices thus obtaining the map. Another option was resorting to photographic 
rectification. In this case, the result is an orthophotomap. Basically, it is a rectified photograph which 
possesses metric scale. These two alternatives are different between themselves, but they complement 
each other. In short, we can see that there are three kinds of final products: first, topographic cartography, 
with scales as far as 50,000, second, orthographic cartography, with scales from 5,000 until 25,000, 
and starting from this last figure, it is by satellite, and third, topographical maps, starting from 50,000, 
including the thematic ones (Cipolla-Ficarra, 1993).

CARTOGRAPHY, MULTIMEDIA, COMMUNICABILITY, 
USER EXPERIENCE AND CULTURAL HERITAGE

In the interactive multimedia systems off-line there are excellent examples of cultural heritage, car-
tography, archaeology, communicability, etc., such as the case of the scientific research project called 
“Quitsa-to” (CD-Rom Quitsa-To, 2003; Cipolla-Ficarra, 2011). In that digital support, have been gathered 
the results of a scientific research that has its origins in history and cartography (Rosenberg & Grafton, 
2012). There is a bidirectional interrelation which linked to the multimedia constitute an excellent triad 
from the point of view of communicability (Cipolla-Ficarra, 2011). The content of the interactive system 
is distributed among nine big subsets of nodes and links:

• Catequilla
• Ethno Astronomy
• Indigenous
• Geography: the Equinotial Andes
• Ancient Astronomy
• Archaelogical
• Quito: Millenial City
• Religous Sincretism
• Solar Cultural Museum

The dynamic and static means are related among themselves, through a bidirectional radial and se-
quential structure which is accessible from the home or main menu (Cipolla-Ficarra, 2011). The user can 
make a sequential navigation from the first subset of nodes and links, or interrupt the sequence, going 
back to the main menu and navigate inside the other subsets of the interactive system. The interactive 
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content is distributed in 98 frames. It is in this content where the importance of the text is located, which 
joined to the visual information manifest the originality and universality of the obtained results.

Along the interactive system, it is possible to observe the importance of aerial and satellite cartog-
raphy to locate Inca constructions, which make up diagrams on the earth’s surface with a high preci-
sion derived from the astronomic studies of those first nations in the American continent (Duff, 1997; 
Ferreira-Soaje, 2011). Those are studies where the sun has always been the engine of those research 
works and where the formal and factual sciences interact with each other with the help of the ICT (In-
formation and Communication Technology). The multimedia system starts with data stemming from the 
cartography, astronomy, the cultural/scientific background of other analogous civilizations, etc. (Figure 
10). Starting from these data an interesting central matrix was established as a baseline which has been 
verified in reality.

A matrix center is used as a baseline and it is possible to trace back the different astronomic lines 
coming from the sun. It is possible to find different points that mark the axis of these alignments perfectly. 
Now as central subject of these constructions and from the geographical point of view, there is the exact 
division of planet Earth into hemispheres, latitudes, parallels, etc. The animations, the photographs and 
the videos facilitate to the user the quick understanding of that scientific information.

The circular and/or semicircular shape of those figures can already be visible thanks to the aerial 
cartography of mountainous areas, such as Catequilla in Ecuador. In the Figure 15 we have an orthopho-
tograph from 1996 (left zone) and in the right zone there is an aerial photograph of the new millennium, 
where it is easy to observe in plain sight the circular shape of the archaeological enclave in the mountain. 
In the Figure 16 the aerial video helps even more the user of the multimedia system to understand the 
importance of the place from the geographical/cartographical perspective.

Figure 10. Observations made by the first nations of the American continent in the sky, and with special 
interest of the Sun
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Figure 11. Example of the studies made by the Inca populations based on astronomy with a small margin 
of error

Figure 12. Comparison of certain premises/scientific conclusions with other ancient civilizations
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Figure 13. Representation of solar iconography

Figure 14. The solar iconography is present in both Mexican and Peruvian archaeology in the shape of 
hieroglyphs or stones
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Figure 15. Two types of aerial photographs to locate an archaeological enclave at an elevated height 
with relation to sea level

Figure 16. Correct use of the video with didactic purposes of the potential users of the multimedia system
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Now it has not only been verified that the archaeological constructions match each other, in spite 
of the orography of the mountainous soil, and in keeping with the central solar matrix, but it has also 
permitted demystifying alleged miracles, which took place in the religious constructions erected since 
1492, especially those that took place on the 21st June solstice. In the Figure 17 we have a representation 
of that projection in the area of Catequella.

Thanks to the modalities of picking up the data in the digital cartography and the archaeological stud-
ies of the 20th and early 21st centuries in the section called “Religious Syncretism” the user can discover 
how certain churches which were built in the solar matrix profited from the Inca knowledge such as the 
solstices. Those are constructions where oddly enough the roofs have orifices and/or the windows are 
aligned in relation to the information of the first nations. Currently that information allows the entrance 
of the sun beams to illuminate religious figures inside those constructions and at given hours of the 
year, as can be seen in the 18 and 19 Figures. The archaeological diggings denote the presence of Inca 
settlements in the zone of the arising of many churches in that geographical area.

The solar information, compiled from the pre-Colombian indigenous civilizations and known before-
hand by the builders of the religious temples from the 15th century has served to keep an astronomic 
phenomenon, not casual or random, among the new generations of those peoples.

DIFFICULTIES IN THE DIFFUSION OF THE HISTORICAL 
CONTENTS IN THE ONLINE MULTIMEDIA SYSTEMS

Although the social networks allow the free fruition of contents through the multimedia mobile phones 
to millions of users, all across our planet, there are a series of limitations in relation to the hardware, the 
software and the connectivity to the databases, to mention three examples. Briefly those disadvantages are:

Figure 17. Equinoctial line at its possible astronomical interrelation
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Figure 18. Video at the moment of the illumination of a sculpture inside the Cathedral on the June 21st 
solstice

Figure 19. Video with the illumination of a religious painting
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• High speed in the evolution of the software and the hardware, which prevent the functioning of 
multimedia systems which have constituted the link between the professionals of analogical and 
digital information, such as in the sector of the graphic arts applied to cartography, for instance.

• Lack of a global catalogue with all the titles produced in offline support of the economically devel-
oped countries and in keeping with quality rules (ISO, for instance) and with a free access to all.

• Inexistence of devices which allow to us visualize the dynamic and static means since 1990 until 
2010 in a single interactive multimedia device. Currently there is a single multinational brand (LG 
–www.lg.com) which still manufactures and markets the VHS video readers, for instance.

• But for a few exceptions, the quality of the contents related to the cultural heritage in the social 
networks is not 100% reliable. That lack is easily detectable in the bibliographical references 
of certain scientific projects. As a rule, in the offline multimedia systems of the 90s there was a 
greater control of the quality of the static contents, when the projects refer to natural and cultural 
heritage, with an international commercial distribution.

• Currently the online production teams are very reduced, extremely specialized and lacking a 360 
degrees vision in the interactive design, usability, communicability, etc.

• The lack of economic resources in the cultural field entails a continuous reusability of the dynamic 
and static contents, in the new supports of the digital and interactive information.

• The plagiarizing of contents is immune in regard to the local and global legislations.

LESSONS LEARNED

The relationship of the human being with the reality and the ways of relating to reality can be approached 
from a social point of view as a subject-object relationship, like two elements of a cognitive relationship. 
The human being from the beginning has always tried to depict that reality and also seek the origins. 
In that sense, the online and off-line multimedia systems have exponentially boosted that representa-
tion in the last two decades, always trying to recuperate the cultural heritage of the first nations. In that 
sense, even the cultural icons can be reused in the interactive design of the multimedia systems. Now 
the issue of the relationship subject-object is a basic problem of the theory of knowledge and decisive 
in the formulation of the sciences and the new technologies. The relationship between these two ele-
ments is the starting point of any theory of knowledge, for instance. A knowledge which starting by the 
digital cartography can discover not only the scientific advance of the first nations, but also demonstrate 
scientifically those popular beliefs in the face of natural and/or physical phenomena, as the routes of 
the sun beams. The synthesis achieved in the interactive multimedia system denotes the high degree of 
communicability which can be achieved when the content is new or original.

However, in less than two decades the excellent contents of the off-line multimedia systems cannot 
be accessed by millions of users. The lack of software and hardware which allows the interaction with 
those systems may mean the loss of the access to unique contents which were digitalized in the 90s, for 
instance, through the use of a scanner and for several reasons those originals do not exist any longer. 
Besides, plenty of firms generating multimedia contents have disappeared with the burst of the virtual 
firms bubble also called .com bust in the early 21st century, with which the multimedia databases have 
not been transferred to the online hyperbases, for instance. In the example of the multimedia system 
analyzed, Catequilla, it has been made apparent how the conclusions of its works have currently a limited 
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Figure 20. Interface of the main menú of the CD-Rom QUITSA-TO with the matrix of the Sun

Figure 21. First nations in the American northwest coast: Multimedia native art (i.e., sun representation)
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circulation because the support used was the CD-Rom. This technological constraint entails implicitly 
that the future generations do not know the truth about certain cultural aspects which have been related 
to the miracles, such can be the lightening of the figures and sculptures in certain architectonical con-
structions, when in fact they are astronomical phenomena studied and verified by the first nations of 
those geographical areas.

CONCLUSION

In the current chapter, it has been demonstrated how the human being of the first nations and throughout 
time has always tried to draw maps of the natural environment that surrounded him. Analogical car-
tography would join digital at the end of the 20th century thus opening new possibilities for interactive 
communication. However, the manual or analogical work is still valid in many stages of the creative 
process of a map. Moreover, it is the interactive design aimed at the multimedia systems where the 
didactic potential of a map, interactive or not, can make understandable, with few nodes and links, 
those discoveries which still enrich the cultural heritage of mankind. In the example of the multimedia 
system briefly analyzed, it has been possible to verify a very simple but effective navigation structure 
for potential users. It has also been seen the importance of digital photographs from satellites, planes, 
etc, as well as the use of an infrared reproduction method of the cave paintings in order to boost their 
value and try to keep on researching the historic legacy of those civilizations. Civilizations which even 
today keep their constructions under thick vegetation but are discovered in the new millennium thanks 
to the telecommunications and the ICTs through the use of the satellites with active sensors (radars) 
traditionally used in digital cartography.

Digital cartography gathers a myriad of disciplines of the formal and factual sciences, easily demon-
strable in the different map models that currently exist, such as the diverse technological and interactive 
supports from which information can be accessed. The interest of users towards the enhanced reality 
with the multimedia mobile devices has allowed to increase the number of applications of the maps, as 
well as incorporating on them all the advantages of the dynamic media. The new hardware devices such 
as the smart glass (e. g. Google Glass) will boost even more the enhanced reality and everything related 
to online digital cartography. However, many databases of the off-line systems of the 90s are excluded 
from this access. These are interactive systems that have exclusive contents and with a high fidelity level 
in regard to the originals, since they were elaborated inside of pioneering human teams in the transfer of 
analogical contents to the digital, as is the case of the graphic arts, where the intersection of the formal 
and factual sciences was the common denominator. Finally, and in the same way as the primitive nations 
painted inside the caves the first elements of thematic cartography, the cartography of the 21St century 
will remain the linchpin of the future breakthroughs in the NTIC (New Information and Communication 
Technology), since the users like to know where they can go from a place where they are actually, or in 
virtuality. In other words, the main notions of the hypertext of the first half of the 20th century are still 
valid, because just the same as in a structure of nodes and links, the user always tries to know/understand 
where he/she is coming from, where she/he is and where she/he can go.
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KEY TERMS AND DEFINITIONS

Communicability: A qualitative communication between the user and the interactive system, such 
as mobile phones, augmented reality, immersion multimedia, hypermedia, among others. The extent to 
which an interactive system successfully conveys its functionality to the user.

Cultural Heritage or Tangible Cultural Heritage: “It is the legacy of physical artefacts and intan-
gible attributes of a group or society that are inherited from past generations, maintained in the present 
and bestowed for the benefit of future generations.” (UNESCO definition).

Digital Cartography: It is the intersection of sciences, art, photography, graphics and technique of 
map reproduction with computers.

First Nations: The indigenous peoples of the Americas, with an organized aboriginal group or 
community.

Interactive System: It is a computer device made up by a CPU and peripherals, whose functioning 
requires a constant interaction with the user. Currently these systems tend to their miniaturization and/
or invisibility, the mobility and wireless connectability among them.

http://dx.doi.org/10.4018/978-1-4666-7377-9.ch011
http://dx.doi.org/10.7208/chicago/9780226799759.001.0001


22

Copyright © 2018, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  2

DOI: 10.4018/978-1-5225-2616-2.ch002

ABSTRACT

This chapter describes the overview of Web 2.0 technologies; Web 2.0 applications in learning and edu-
cation; Web 2.0 applications in academic libraries; Web 2.0 applications in Knowledge Management 
(KM); the perspectives of Health Information Technology (health IT); the multifaceted applications of 
health IT; IT and Technology Acceptance Model (TAM); and the significance of health IT in the health 
care industry. Web 2.0 is the platform of the network which spans all connected services so that users can 
utilize them more efficiently. Web 2.0 technologies have various benefits by enhancing the opportunities 
for business collaboration and by sharing knowledge through online communities of practice toward 
gaining improved organizational performance. Health IT includes utilizing technology to electronically 
store, protect, retrieve, and transfer the information in modern health care. Health IT has great potential 
to improve the quality, safety, and efficiency of health care services in the health care industry.

INTRODUCTION

The proliferation of information comes to the average person through the rapid developments of informa-
tion technology (IT) and an abundance of information tools and sources (Yi, 2014). Web 2.0 technology 
refers to the web tools and services that encourage visitors to share, collaborate, and edit information, 
promoting a more distributed form of authority that blurs the boundaries between website creator and 
user (Oberhelman, 2007). Web 2.0 technology fosters active participation among audiences rather than 
distributing information to passive audiences (Kam & Katerattanakul, 2014).

With the emergence of Web 2.0, sharing personal content, communicating ideas, and interacting with 
other online users in Web 2.0 communities have become daily routines for online users (Huang, Fu, & 
Chen, 2010). Web 2.0 has been noted for being user-friendly, thus providing a collaborative platform 
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without charge (or low charge) and without boundary of time and geography (Hao & Lee, 2015). Con-
temporary web platforms (e.g., Google and Facebook) can store, analyze, and sell the large amounts of 
personal data and user behavior data (Fuchs, 2011).

IT has become a significant part of providing consistent care quality (Hung, Tsai, & Chuang, 2014). 
IT has been linked to productivity growth in a wide variety of sectors, and health IT is a leading example 
of an innovation with the potential to transform the industry-wide productivity (Agha, 2014). Health IT 
is viewed as a fundamental aspect of patient care as it stimulates patient engagement and encourages 
personal health management (Hung et al., 2013). The flexibility and adaptability of health IT as an 
educational tool allow it to be tailored to the individual’s needs based on unique characteristics, risks, 
and behaviors (Gauthier, 2014).

Health IT describes the hardware, software, users, implementation, adoption, inputs, data, and outputs 
of computerized systems in the health care delivery environment (Dowling, 2013). Health IT targeting 
patients includes personal health records, patient portals, and social media technology (Sequist, 2011). 
Stafinski et al. (2011) stated that all health care systems routinely make resource allocation decisions 
that trade off potential health gains to the different patient populations. Contemporary health care relies 
on electronic devices (Coeckelbergh, 2013). Many fundamental changes have taken place to the types of 
health IT in use within hospitals, primary care practices, community care, and a variety of other health 
care locations (Waterson, 2014).

This chapter aims to bridge the gap in the literature on the thorough literature consolidation of Web 
2.0 and health IT. The extensive literature of Web 2.0 and health IT provides a contribution to practi-
tioners and researchers by describing the theories and applications of Web 2.0 and health IT in order to 
maximize the technological impact of Web 2.0 technologies in the digital age.

Background

The term Web 2.0 was created in 2004 by Tim O’Reilly and Dale Dougherty from O’Reilly Media, an 
American publisher specialized in publications concerning the new technologies and networks (Pieri 
& Diamantini, 2014). In 2004, Web 2.0 application was introduced as an innovative web technology 
that enabled more interactive and personalized communication among people (Eccleston & Griseri, 
2008). During that period, Web 2.0 obtained the attention of many businesses because of its capability 
to enhance the relationship between organizations and consumers (Andriole, 2010). In 2004, utilizing 
various Web 2.0 applications, people could more actively participate in the content creation process 
(Smith & Rogers, 2008) and share their ideas through websites. Web 2.0 was not only a development 
in technology, but also a great change in the method of online communication. Web 2.0 enabled people 
to effectively share knowledge (Gould, 2009). Web 2.0 also stimulated opening of discussions, finding 
solutions, and aiming at creating business value through websites (Cronin, 2009).

The studies about Web 2.0 have developed into several perspectives. The power of content created 
by Web 2.0 application users (i.e., user-generated content, UGC) has captured numerous researchers’ 
attention (Chaves, Gomes, & Pedron, 2012). Chen et al. (2012) identified the factors influencing the 
continuous application of Web 2.0 and indicated that user satisfaction and electronic word of mouth have 
a significant influence on the application of Web 2.0 tools. Winter and Kramer (2012) discussed the 
content selection process of users in the Web 2.0 environment and identified the factors that influence 
users to select what to read when surrounded by a large amount of content. Practitioners and research-
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ers utilize the concept of Web 2.0 to cloud computing technologies in order to emphasize the power of 
innovation that can dramatically improve business capability (Sultan, 2013).

The adoption of health IT in the support of collaborative processes for quality improvement has 
notably increased (Virga, Jin, Thomas, & Virodov, 2012). Health systems that promote information 
system infrastructure are better able to address coordination and safety issues, particularly for patients 
with multiple chronic conditions, as well as to maintain the primary care-related physician satisfaction 
(Davis, Doty, Shea, & Stremikis, 2009). The existence of a critical mass of the Internet users allows 
quickly diffusion of electronic communication in the medical practice, which translates as a new way to 
look at the physician-patient relationship (Kidd, Cayless, Johnston, & Wengstrom, 2010).

Information and communication technology (ICT) has modified the medical practice patterns while 
facilitating coordination and close cooperation between health care professionals to improve patient man-
agement (Fieschi, 2002). ICT can improve the quality of life and satisfaction with health care (Scalvini 
et al., 2014). A management system in the field of health protection must provide the exploration of the 
main risk factors of the perspective of population health, allow for the possibility of predicting changes 
in the provision of medical support, and create the information foundation for evaluating the effect of 
implementation of new health care methods and technologies (Rogozynska & Kozak, 2013).

IMPLICATIONS OF WEB 2.0 AND HEALTH INFORMATION TECHNOLOGY

This section emphasizes the overview of Web 2.0 technologies; Web 2.0 applications in learning and 
education; Web 2.0 applications in academic libraries; Web 2.0 applications in KM; the perspectives of 
health IT; the multifaceted applications of health IT; IT and TAM; and the significance of health IT in 
the health care industry.

Overview of Web 2.0 Technologies

Web 2.0 refers to a basic change from the static and non-interactive websites to the dynamically gener-
ated, more sophisticated and more user friendly websites through a greater range of software applica-
tions (Yi, 2014). These include blogs, wikis, and social networking sites (e.g., Facebook, MySpace, and 
Twitter) that enable users to interact with the web and allow knowledge sharing with others (Yi, 2014).

Web 2.0 offers various technical approaches (e.g., protocols, message formats, and programming 
tools) to build core e-infrastructure as well as many interesting services (e.g., Facebook, YouTube, 
Amazon S3/EC2, and Google maps) that can add value to e-infrastructure projects (Fox & Pierce, 2009). 
Social media has transformed social interactions in the digital age (Davison, Ou, Martinsons, Zhao, & 
Du, 2014). Social media platforms (e.g., Facebook and Twitter) are the good examples of interaction-
based applications; YouTube has transformed its identity from the simple storage platform of various 
videos to the media channel that can indicate the target consumers with similar interests (Berthon, Pitt, 
Plangger, & Shapiro, 2012).

Over the last few years, an evolution has taken place in the way users communicate through Web 2.0 
(Rubio, Martín, & Morán, 2010). Web 2.0 encourages the constant creation and distribution of large 
amounts of information (Dougherty & Meyer, 2014). Web 2.0 is an important web application that as-
sists people not only to post their opinions on websites, but also to continue to collaborate with others 
on their topics of interest (Kim, Yue, Hall, & Gates, 2009). Web 2.0 technologies can help effectively 
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bring people together (Zaman, Anandarajan, & Dai, 2010), but these tools are often based on relation-
ships only (Chatti, Jarke, & Frosch-Wike, 2007). Cloud computing offers an adaptable solution for the 
existing context-aware applications, thus integrating mobile Web 2.0 technologies (Hsu, 2013). Cloud 
computing includes network access to storage, processing power, development platforms, and software 
(Kasemsap, 2015).

Today, people perform many types of tasks on the web, including those that require multiple web ses-
sions (MacKay & Watters, 2012). Huang et al. (2010) stated that user-generated data from Web 2.0 tools 
can provide the rich personal information (e.g., personal preferences and interests) and can be utilized 
to gain the obvious insight into cyber communities and their social networks. Web 2.0 has enhanced 
a networked, participatory, and conversational culture reaching beyond national borders and cultures, 
thus reshaping communicational hierarchies and creating a new set of communicative rules (Lilleker 
& Jackson, 2010). By utilizing e-government-related Web 2.0 tools, citizens can participate both in the 
process of creating web-based content and in enhancing service design (Hui & Hayllar, 2010).

With the proliferation in Web 2.0 technologies, many marketing educators are experimenting with 
new teaching and learning tools, such as Facebook, Twitter, and YouTube (Lowe, D’Alessandro, Winzar, 
Laffey, & Collier, 2013). In modern organizations, establishing Web 2.0 application strategy is more 
than an adoption of a new application; it is the significant change in building positive relationships with 
consumers (Wirtz, Schilke, & Ullrich, 2010). Service quality is a measure of how well the service level 
practically matches customer expectations (Yang, Hsieh, Li, & Yang, 2012).

Research in hospital settings faces several difficulties (Montano, Carretero, Entrecanales, & Pozuelo, 
2010). Web 2.0 tools and IT applications provide new models to tackle these problems, thus allowing 
for a collaborative approach and bridging the gap between clinical practice, teaching, and research 
(Montano et al., 2010). Web 2.0 technologies represent a quite revolutionary way of managing online 
information and knowledge repositories, including clinical and research information, in comparison with 
the traditional Web 1.0 model (Boulos & Wheeler, 2007). In medical-related organizations, informa-
tion sharing and online communication platform are recognized as the main purposes of using Web 2.0 
technologies (Chu et al., 2012).

Web 2.0 Applications in Learning and Education

During the last decade, Web 2.0 technologies have been considerably increasing on the Internet, and 
K-12 students have been getting familiar with the technologies (Sadaf, Newby, & Ertmer, 2012). Web 
2.0 technologies can assist students to learn collaboratively and actively, creating the effective student-
centered learning environments (Brown, 2012). Learning becomes increasingly self-directed and often 
occurs away from schools and other formal educational settings (Song & Lee, 2014). Web 2.0 tools are 
hardly used to reflect on actual existing informal learning networks in practice, where professionals 
work on innovative issues that require learning and knowledge development (Schreurs & de Laat, 2014).

Web 2.0 applications have the potential to enhance the learning outcomes (Gu, Churchill, & Lu, 
2014). By promoting active participation and interaction among learners, Web 2.0 technology can fa-
cilitate the dynamic learning along with collaborative knowledge generation (Rollett, Lux, Strohmaier, 
Dosinger, & Tochtermann, 2007). With the proliferation of the World Wide Web and the advent of Web 
2.0, which unlike Web 1.0 enables collaboration and manipulation of online texts, teachers must weigh 
the purposes, affordances, and limitations of online tools for literacy instruction (Handsfield, Dean, & 
Cielocha, 2009). When Web 2.0 technology is utilize to encourage collaborative learning, the interaction 
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pattern will be more complex as students interact not only with each other, but also with the technology 
(Kam & Katerattanakul, 2014). Due to widespread educational budget cuts, teachers have been encour-
aged to integrate these free or low cost Web 2.0 technologies because of the affordances they offer and 
ease of their utilization in teaching and learning (Churchill, 2011).

In higher education, most students have little previous experience with Web 2.0 technologies and 
have struggled to consider the value of adopting Web 2.0 technologies for learning and teaching (Ben-
nett, Bishop, Dalgarno, Waycott, & Kennedy, 2012). Web 2.0 technologies, especially social software, 
can be used to support student’s self-regulated learning in higher education contexts (Kitsantas & Dab-
bagh, 2011). Web 2.0 technologies only become valuable in education if learners and teachers can do 
something beneficial with them (Virkus, 2008). To effectively guide collaborative learning, researchers 
should analyze the interaction pattern that happens during collaborative learning (Su, Yang, Hwang, & 
Zhang, 2010).

Web 2.0 tools have been recognized as an enabler of higher education collaboration (James, 2014). 
Preservice teachers’ intentions, beliefs, and attitudes toward technology are the important determinants 
of the success of future technology integration (Yusop, 2015). Preservice teachers’ intentions to employ 
Web 2.0 technologies are correlated with their beliefs about the educational value of Web 2.0 technolo-
gies, the ability to meet the requirements of contemporary students, the participants’ high self-efficacy 
in utilization, and the available access to learning and interaction capability (Sadaf et al., 2012).

Virtual learning environment (VLE) can be accessed through standard web browser, which provides 
an integrated online learning environment (Kurilovas & Dagiene, 2010). One of the main parts of each 
VLE is Web 2.0 tools (Kurilovas & Juskeviciene, 2015). In order to improve the quality of VLEs, it 
is essential to improve semantic search for Web 2.0 tools in VLEs. As contemporary students are the 
educational content creators via the Internet, it becomes obvious that Web 2.0 tools play an important 
role in the virtual learning process (Kurilovas & Juskeviciene, 2015).

The growth of Web 2.0 and social computing has been phenomenal (Randeree & Mon, 2007). Web 
2.0 tools receive the growing interest across all sectors of the educational industry as the significant 
method for establishing personal learning environments (PLEs) and extending the student’s control over 
the entire learning process (Dabbagh & Kitsantas, 2012). The main goal for PLEs is to increase student’s 
control by taking advantage of Web 2.0 tools and technologies (Rahimi, van den Berg, & Veen, 2015a). 
Web 2.0 tools enable a shift from a distributive to a more collaborative mode in e-learning (Schneck-
enberg, Ehlers, & Adelsberger, 2011). Web 2.0-related PLEs are a promising area of development in 
e-learning (Rahimi, van den Berg, & Veen, 2015b). E-learning allows students to choose content and 
tools appropriate to their differing interests, needs, and skill levels (Kasemsap, 2016a). Regarding PLEs, 
a learner-driven personalization of learning process can achieve through empowering students with ap-
propriate competencies to achieve more control over the educational process (Drexler, 2010).

Web 2.0 Applications in Academic Libraries

With the rapid developments of computer technology and IT, the significant change is constant in librar-
ies, archives, museums, and other information agencies (Yi, 2014). Academic, medical, and research 
libraries frequently implement Web 2.0 services for users (Gardois, Colombi, Grillo, & Villanacci, 2012). 
Web 2.0 and Library 2.0 have opened up a whole new world for exploration by information and library 
professionals (Tattersall, 2011). To keep pace with evolving information technologies, many librarians 
utilize various software applications, such as blogs, wikis, and media-sharing tools (Hinchliffe & Leon, 
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2011) to market their library-related services and resources. Xia (2009) indicated that librarians in re-
search universities can apply Facebook to market their libraries and services.

The utilization of Web 2.0 tools in academic libraries is about users being contributors to the libraries 
they are part of, thus promoting trust, facilitating participation, and establishing higher usage (Aharony, 
2010). Landis (2007) suggested that utilizing Facebook can be an essential approach to marketing the 
library-related events and resources to non-traditional users, thus making the library more visible. A 
broad study by Hendrix et al. (2009) on the operation of Facebook by over 70 librarians found that most 
libraries apply the social networking sites to predominantly market their library-related services.

Yi (2014) stated that YouTube can enable users to embed videos onto other Web 2.0 tools, such as 
Facebook, blogs, and wikis. Vucovich et al. (2013) indicated that there is the practical use of YouTube 
videos for library instruction and reference services. Kho (2011) explained that the application of social 
media can enhance the customer engagement and the adoption of YouTube toward marketing the library’s 
material collection. Rich site summary, also known as really simple syndication (RSS), is employed to 
distribute the information of changes to web content to subscribers in much the same way that Twitter is 
used to push the information out to its followers (Yi, 2014). The suitable exploitation of RSS feeds can be 
an accomplished marketing tool for the promotion of library resources and services (Nesta & Mi, 2011).

Web 2.0-related social bookmarking is a way for online users to organize, store, and manage the 
bookmarks of web resources in academic libraries (Yi, 2014). Information professionals can add con-
tent and then tag online resources in bookmarking accounts and link to the related catalogue in order 
to create access points for materials. Regarding social bookmarking, library resources tagged by users 
can be effectively analyzed in order to encourage a better understanding of how library users search and 
categorize the library resources (Yi, 2014).

Web 2.0 Applications in Knowledge Management

Web 2.0 technologies involve the useful applications in personal knowledge management (KM), thus 
supporting the participation in KM, in addition to supporting communication and interaction mechanisms 
(Al-ghamdi & Al-ghamdi, 2015). KM is applied across the world in all industries and sectors (Kasem-
sap, 2016b). Razmerita et al. (2009) indicated that Web 2.0 tools have facilitated the development of a 
new paradigm for the management of personal knowledge, which includes contacts, cooperation, and 
social media platforms.

The advent of social networking sites (e.g., Facebook and LinkedIn), known as Web 2.0 applica-
tions, has provided an opportunity for consumers to express their opinions and knowledge (Seo & Lee, 
2016). Web 2.0 and social media are considered as the future of learning (Pãuleþ-Crãiniceanu, 2014). 
Social media enables the creation of knowledge value chain to customize information and delivery for 
a technological business growth (Kasemsap, 2014).

Levy (2009) found that Web 2.0 tools are closely related to the application of KM, and that these 
tools have considerable potential for improving KM processes in organizations. Web 2.0 tools enable 
learners in the virtual communities of professional practice to share tacit knowledge (Richards, 2009). 
The adoption of Web 2.0 tools in the context of virtual communities of practice can handle the challenges 
of KM utilization (Wenger, 1998). Web 2.0 tools can enhance the efficiency of virtual communities of 
practice toward sharing knowledge in the modern learning environments (Al-ghamdi & Al-ghamdi, 2015).
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Perspectives of Health Information Technology

Health care is one of the most knowledge-intensive sectors where innovations are continuously put into 
practice (Nedlund & Garpenby, 2014). One of the problems in health care in developing countries is the 
bad accessibility of medicine in pharmacies for patients (Edoh & Teege, 2011). Health IT is recognized 
as one of the most prominent catalysts for improving patient safety and reducing subsequent harm to 
patients who are receiving health care (Fuji & Galt, 2008). Health IT research has historically suffered 
from the persistence of paper-based systems as a barrier to research and refinement of information models 
(Lorence, 2007). Decisions to adopt guidance on the use of health care technologies are informed by the 
cost-effectiveness analysis of the alternative interventions (Claxton & Sculpher, 2006).

Health IT is a powerful tool that can support this transition by supporting care coordination, enhanc-
ing access, and empowering residents within the nursing home setting while offering vehicles to provide 
the needed services in home and community-based settings (Goldwater & Harris, 2011). Hikmet et al. 
(2008) indicated that health IT refers to a wide range of clinical, operational, and strategic systems used 
in hospitals and health care organizations. New forms of health IT have been introduced (e.g., electronic 
patient record systems, virtual wards, mobile technology, and assisted living technology), and have 
brought about many changes to the health care delivery of services for patients (Waterson, 2014). The 
key ethical issues in the use of health IT revolve around the principles of providing safe and avoiding 
harm (Berner, 2008). Health care systems are increasingly under pressure to provide the funding for 
innovative technologies (McCabe, Edlin, & Hall, 2013).

The purpose of health IT is to facilitate the implementation of the desires of the system’s users 
(Stahl, 2008). Technology forms an integral part of the networks and mechanisms, which produce and 
redistribute power in medical practice (Jensen, 2008). The application of IT to support self-management 
extends the reach of the provider organization by linking patients to the exchange of health information 
and facilitating self-management activities (Solomon, 2008). One of the primary challenges to the effec-
tive use of health IT remains its adoption and successful implementation (Sequist, Cook, Haas, Horner, 
& Tierney, 2008). The national initiatives designed to coordinate health IT implementation policy are 
underway across the globe toward increasing the perspective of demographic and other population trends 
(Waterson, Glenn, & Eason, 2012).

The United States health care system is one of the world’s most advanced systems (Doebbeling, 
Chou, & Tierney, 2006). Bauer et al. (2014) stated that the health care reforms in the United States, 
including the Affordable Care and the Health Information Technology for Economic and Clinical Health 
(HITECH) Acts, and the National Committee for Quality Assurance (NCQA) criteria for the Patient 
Centered Medical Home have promoted health IT and the integration of general medical and mental 
health services. Health IT can enhance collaborative care interventions and improve the health of indi-
viduals and populations (Bauer et al., 2014). Patient facing health IT tools is less effective when they 
are provided as stand-alone interventions, rather than in the context of a relationship with a health care 
provider (Kelders, Kok, Ossebaard, & van Gemert-Pijnen, 2012).

The advances in computer technology and capacity combined with lower start-up costs will allow 
developing countries to achieve greater impact when they initiate the electronic health information 
systems (Shih, Pan, & Tsai, 2009). Okoniewski et al. (2014) stated that understanding how adolescents 
use technology to meet their health information needs, and in what order of preference, will be critical 
for the development of technology that adolescents find useful and has the potential to decrease health 
disparities.
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Human support may increase the effectiveness of health IT tools by providing accountability and 
supporting patient engagement (Mohr, Cuijpers, & Lehman, 2011), whereas stand-alone interventions 
demand the greater motivation and commitment on the part of patients. Sinsky et al. (2013) stated that 
standard workflows in traditional primary care overload physicians with tasks that can be performed 
by non-physician clinical staff and therefore practices need to reorganize workflows and add clinical 
support staff helping physicians utilize the health IT to their advantage. The applications of the primary 
health information system in primary health care have rapidly influenced the care service delivery (Hung 
et al., 2014).

While health IT has yet to fully diffuse into the long-term residential care facilities (LTRCFs) and 
other non-acute care facilities (Bodenheimer, 2008), successful health IT implementations may pave 
the way for tools that can improve health care for various vulnerable populations including the elderly 
patients (Chang et al., 2004). The three significant barriers to health IT adoption include financial limi-
tations, the technology readiness of users (Ping, Li, & Gagnon, 2009), and the lack of a standard evalu-
ation framework (Ammenwerth, Stefan, Gabriele, Burkle, & Konig, 2003). The caregivers’ computer 
skills directly influence their adoption of new health IT applications, making it essential to provide the 
sufficient training and support (Ping et al., 2009).

Effective primary care requires access, continuity and comprehensiveness of health care that is com-
munity focused (Starfield, Shi, & Macinko, 2005). Critical care environments represent the informa-
tion and collaborative setting (Patel & Cohen, 2008). With the increasing role of health IT and digital 
repositories in clinical settings, it is relevant to evaluate the role of technology in supporting the clinical 
reasoning and decision making (Patel, Kushniruk, Yang, & Yale, 2000). Perceived usefulness, perceived 
ease of use, and computer skills have significant positive impact, whereas image has significant negative 
impact on caregivers’ intention to use health IT applications (Yu, Li, & Gagnon, 2012).

Most health care office visits leave little time for adequate patient education and counseling, particu-
larly in health care shortage areas serving low income underinsured populations (Glasgow, Bull, Piette, & 
Steiner, 2004). Physicians are expected to be knowledgeable about new research, follow state-of-the-art 
clinical guidelines, assist patients with complex health problems in navigating the health care system, 
oversee referral to specialists as appropriate, be proactive in ensuring that patients receive the recom-
mended preventive care and assist patients in the self-management of chronic conditions (Bodenheimer, 
Wagner, & Grumbach, 2002).

The adoption of new technologies in medicine is frequently met with both enthusiasm and resistance 
(Stabile & Cooper, 2013). IT can enable the automation, integration, and management of clinical and 
administrative functions in health care (Yang, Kankanhalli, & Chandran, 2015). IT has the potential 
to be a significant enabler in transforming the health care delivery system (Solomon, 2007). Clinical 
information management and communication technologies can help individuals and their health care 
organizations prepare for future changes (Sittig, 2006). Patient falls are a costly and common problem 
in a variety of the health care settings (Mei, Marquard, Jacelon, & DeFeo, 2013).

Multifaceted Applications of Health Information Technology

Health IT offers various electronic methods of collecting, managing, and storing the health care-related 
data (Reis, Pedrosa, Dourado, & Reis, 2013). The implementation of IT is acknowledged to have a posi-
tive influence on health care quality and efficiency (Venkatesh, Zhang, & Sykes, 2011). Many health 
care organizations have experienced resistance to the implementation and the use of IT in the health care 
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workplace from nurses and other health care professionals (Bhattacherjee & Hikmet, 2007). Health care 
professionals are entitled to make their own decisions regarding system usage (Doolin, 2004).

Health technology assessment is a multidisciplinary approach to the evaluation of health care technolo-
gies, which aims to support the decision-making process by driving medical, technical, and economic 
knowledge (La Torre, de Waure, de Waure, & Ricciardi, 2013). Many countries use health technology 
assessment to review new and emerging technologies, especially with regard to reimbursement, pricing, 
and clinical guidelines (Bridges, 2006). Health technology assessment can be used as a tool to assess 
the efficiency of pharmaceutical care by linking its impact on the clinical and humanistic outcomes to 
the resources required to achieve these outcomes (Simoens & Laekeman, 2005). Future technology as-
sessments are needed to provide structure for interoperability of health information systems (Lorence 
& Greenberg, 2006).

The planners and managers should ensure that a health IT application to be introduced into a long-term 
care facility is useful and easy to use (Yu et al., 2012). Patient-centered health IT services effectively 
provide personalized electronic health services to patients (Dehling & Sunyaev, 2014). Patient falls are 
the leading cause of unintentional injury and death among older adults (Tzeng, Ming, & Yin, 2008). 
Health IT applications, specifically electronic falls reporting systems, can aid quality improvement ef-
forts to prevent the patient falls (Mei et al., 2013).

Researchers have suggested that the decision-making process on IT usage should be addressed 
(Alquraini, Alhashem, Shah, & Chowdhury, 2007) toward increasing the possibility of adopting the 
new technology in their health care workplace (Saleem et al., 2005). The discussions of IT acceptance 
by health care professionals have focused on the role of physicians (Pare, Sicotte, & Jacques, 2006). 
Whereas the findings from these previous studies may not be appropriate for extrapolation to nurses 
and other health care professionals in the primary health care (Walter & Lopez, 2008), little attention 
has been addressed to IT acceptance by them (Puskar, Aubrecht, Beamer, & Carozza, 2004), who are 
the main providers of primary health care (Yu & Yang, 2006).

Clinicians and researchers are increasingly using technology-based behavioral health interventions to 
improve intervention effectiveness and to reach underserved populations (Aronson, Marsch, & Acosta, 
2013). Health information kiosks are a feasible medium to disseminate health information among various 
users in clinical and community settings, with high acceptance and satisfaction by users (Joshi & Trout, 
2014). The touch screen kiosks in primary care clinics can offer patients easy access to brief, focused 
health care information at a time when they may be more susceptible to learning about health issues 
and the information can be reinforced by the provider (Glasgow et al., 2004). The touch screen kiosk 
offers the advantage of self-pacing and ease of use in delivering specific health information (Trepka, 
Newman, Huffman, & Dixon, 2010).

Mouttham et al. (2012) suggested that electronic health systems, through their application of the 
Internet and wireless technologies, offer the possibility of the near real-time data integration to support 
the delivery and management of health care. Health care systems are adopting the goal of supporting a 
sense of engagement between service provider and users and allowing users to co-create value through 
social networking and various forms of online participation (Abernethy & Hesse, 2011). The Internet 
allows videoconferencing based on audio-visual communication within the medical practice (Reis et al., 
2013). Concerning the widespread use of the Internet, there are concerns regarding how adolescents with 
chronic disease (ACD) users may access the Internet information about health and how such technology 
use may affect the patient-physician relationship (Lacey, Chun, Terrones, & Huang, 2014).
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Health IT helps health professionals improve care, adhere to clinical guidelines, facilitate decision 
making, and deliver tailored education in a variety of settings (Gauthier, 2014). The adoption of tele-
health can empower patients with the chronic and advanced illness and improve symptom monitoring 
and management by providing a clear communication pathway among patient, patient’s family, and the 
health care providers (May, Mort, Williams, Mair, & Gask, 2003). Telehealth includes an array of ser-
vices that can increase the quality and access in an inpatient setting and can support individuals wishing 
to age in place (Goldwater & Harris, 2011).

Information Technology and Technology Acceptance Model

Perceptions of technology, familiarity with technology, and difficulty conceptualizing technology, and 
the need for technology assistance are interconnected in how they influence ICT preferences and tech-
nology acceptance (Walsh & Callan, 2011). IT must be implemented in ways that preserve and uplift 
relationships in care, while accommodating major deficiencies in managing information and making 
medical decisions (Weiner & Biondich, 2006). Grant et al. (2006) indicated that IT has been advocated 
as an important method to improve the practice of clinical medicine.

Introducing IT systems into an organization is a risky decision and will not improve an organization’s 
effectiveness if the individual users do not accept it (Davis & Venkatesh, 1995), therefore individual 
users’ acceptance is a pivotal factor determining the success or failure of introducing any IT systems 
into the workplace (Davis, 1989). As usage intention (i.e., the determination to use an IT application) is 
the key determinant of usage behavior (Maddux, 1999), it is a good indicator of a person’s acceptance 
and use of an information system (Wu & Wang, 2006).

The theory of reasoned action (TRA), developed by Fishbein and Ajezn (1975), states that a person’s 
intention to perform a given behavior is a function of his or her attitude toward that behavior and his 
or her subjective norm concerning that behavior. The attitude toward performing a certain behavior is 
assumed to be based on his or her beliefs about that behavior (Hung et al., 2014). Attitude is the degree 
to which one has a positive versus a negative evaluation of a certain behavior (Fishbein & Ajezn, 1975). 
The subjective norm is the person’s perception that most people who are important to them think they 
should or should not perform the behavior (Fishbein & Ajezn, 1975). Ajzen (1991) integrated perceived 
behavioral control with TRA to predict individual intention and behavior that are not completely under 
volitional control. In the theory of planned behavior (TPB), Ajzen (1991) indicated that persons with a 
higher perceived behavioral control are more likely to form a strong intention to perform a given behavior 
than those who perceive that they have lower control.

Based on the concept of the TRA, Davis (1989) developed the technology acceptance model (TAM) 
to predict user acceptance of IT. The validity of the TAM has been tested in various health care domains, 
such as physicians’ intention to apply the telemedicine technology in Hong Kong (Chau & Hu, 2002), 
physiotherapists’ acceptance of a low-cost portable system for postural assessment (van Schaik, Bettany-
Saltikov, & Warren, 2002), the patients’ acceptance of provider-delivered electronic health (Wilson & 
Lankton, 2004), public health nurses’ intention toward web-based learning (Chen, Yang, Tang, Huang, & 
Yu, 2007), mobile computing acceptance factors in health care (Wu, Wang, & Lin, 2007), and the nurses’ 
intention of adopting an electronic logistics information system in Taiwan (Tung, Chang, & Chou, 2008).

The TAM posits that the main determinants of behavioral intention are perceived usefulness and per-
ceived ease of use (Davis, 1989). The TRA, the TPB, and the TAM have provided the theoretical basis 
for many studies on understanding intention toward IT usage and for researchers to integrate various 
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theories into their individual behavioral model (Yi, Jackson, Park, & Probst, 2006). In the TRA, attitude 
is the central construct in explaining behavioral intention (Armitage & Conner, 2001).

Compared with the effect of the subjective norm, the causal relationship of IT acceptance with a 
user’s attitude is much stronger than that with the subjective norm in normal situations (Wu & Chen, 
2005). Chau and Hu (2001) analyzed the TPB and the TAM model to provide a basic framework for 
understanding physicians’ acceptance of telemedicine. Yi et al. (2006) integrated the TAM, the TPB, 
and the innovation diffusion theory (IDT) to examine the factors that influence the acceptance of per-
sonal digital assistant (PDA) by physicians. Perceived usefulness is the most significant determinant of 
physicians’ intention to accept PDA (Yi et al., 2006).

Significance of Health Information Technology in the Health Care Industry

As the practice of medicine has become more complex, it is increasingly difficult for physicians to 
provide the right care to patients every time without modern health IT implementation (Davis et al., 
2009). Health care system is one of the fields that lack the adequate research concerning technology 
adoption and its use (Hikmet & Chen, 2003). Appropriate application of IT in primary health care will 
extend traditional diagnosis and patient management beyond the physician’s clinic into the everyday 
environment (Lovell & Celler, 1999). Health IT represents one of the most promising avenues in order 
to improve the health care delivery (Bates & Gawande, 2003).

While global optimization strategies are potentially unachievable in the complex critical care settings, 
integrated systems that simultaneously support the cognitive and reasoning processes of physicians 
are likely to be highly beneficial (Kannampallil et al., 2013). Heath IT has the potential to improve the 
quality, the cost, and the reach of health care, and recent evidence has suggested that health IT plays an 
influential role in chronic disease management (Rao, Brammer, McKethan, & Buntin, 2012). Paschal et 
al. (2008) stated that the local health departments’ ability to use health care technology and to measure 
population-based health outcomes for their communities is crucial.

Health IT has many advantages in addressing pediatric obesity including patient education, instant 
feedback, personalization, and adaptation to specific behaviors (Svensson & Lagerros, 2010). Health 
IT has much to contribute to quality improvement for hypertension, particularly as part of multidimen-
sional strategies for improved care (Goldstein, 2008). Health IT is viewed as a tool that can transform 
health care delivery (Lee, McCullough, & Town, 2013). Jean-Jacques et al. (2012) stated that the health 
IT-supported quality improvement initiatives are recognized to increase the ambulatory care quality for 
several chronic conditions and preventive services.

In the past three decades, several studies have extracted the antecedents to the user adoption of health 
information system (Najaftorkaman, Ghapanchi, Talaei-Khoei, & Ray, 2015). The newly-developed envi-
ronmental health information system is a web-based platform that integrates databases, decision-making 
tools, and geographic information systems for supporting public health service and policy making (Li 
et al., 2008). The decentralization of health information system along with the system of health care 
delivery is emphasized to support the efficiency and management of health services by incorporating 
local use of information in decision making and planning (Kimaro & Sahay, 2007). Designing effec-
tive consumer health information system requires the understanding of the context in which the health 
information system is being used (Zhang, 2013).

The increased use of health IT is a common element of almost every health reform proposal because it 
has the potential to decrease costs, improve health outcomes, coordinate care, and improve public health 
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(McGraw, 2009). IT improves patient safety, and is a focus of health care reform (Pallin, Sullivan, Kaushal, 
& Camargo, 2010). The advances in health IT allow physicians to do various tasks: remind patients when 
preventive care is due, establish disease registries for monitoring appropriate care, prescribe and refill 
medications, order and receive the results of laboratory and imaging tests, and obtain information from 
specialists and hospitals on care patients have received outside a primary care practice (Kilo, 2005).

Belanger et al. (2012) stated that evaluating the impact of health IT can be challenging in the health 
care industry. The diffusion of technology, within the primary care physician sector of the health care 
market, is subject to historical, financial, legal, cultural, and social factors (Protti, Johansen, & Perez-
Torres, 2009). Using health IT to have the convenient access to complete the patient health information 
and to provide the evidence-based decision support at the point of care is supposed to reduce the medical 
errors and to enhance the clinical decision making (Bates & Gawande, 2003).

FUTURE RESEARCH DIRECTIONS

The classification of the extensive literature in the domains of Web 2.0 and health IT will provide the 
potential opportunities for future research. Web 2.0 sites allow for user interaction and participation by 
having a user-friendly interface where individual can edit and publish the existing information. Web 2.0 
technologies can utilize social networking tools to further increase the level of viewer’s participation. The 
Semantic Web (also known as Web 3.0) represents the next major technology evolution in connecting 
information, thus enabling data to be linked from a source to any other source and to be understood by 
computers. Exploring the roles of Web 2.0 and the Semantic Web in modern business will be the beneficial 
topic for future research directions. Health IT has become an integral part of the practice of medicine 
toward promoting quality of care and reducing medical errors. Health informatics is the combination of 
informational science, health care, and computer technology. Health informatics allows a systematic way 
of storing and retrieving information. The benefits of applying health informatics and health IT toward 
increasing patient safety and improving health care performance should be further studied.

CONCLUSION

This chapter highlighted the overview of Web 2.0 technologies; Web 2.0 applications in learning and 
education; Web 2.0 applications in academic libraries; Web 2.0 applications in KM; the perspectives 
of health IT; the multifaceted applications of health IT; IT and TAM; and the significance of health IT 
in the health care industry. Web 2.0 technologies present a vast array of opportunities for companies 
which can make use of the Web 2.0 technology as a smart way to manage customer-employee relation-
ships, marketing, and finances in cost effective ways, improve productivity, and foster their creativity 
and innovation. The major advantages of Web 2.0 technologies are dynamic content, user participation, 
scalability, metadata, openness, collective intelligence, and rich user interface. Web 2.0 technologies 
can offer better functionality for interaction with websites.

The applications developed using Web 2.0 technologies can be shared among a number of users 
through the Internet and can be simultaneously used by numerous users. Web 2.0 technologies can enable 
companies to create community value by tapping the collective knowledge of employees, customers, 
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and external stakeholders. When effectively used, Web 2.0 technologies can encourage participation in 
projects and idea sharing, thus deepening a company’s pool of knowledge. Web 2.0 technologies can 
bring greater scope and scale to companies, thus strengthening bonds with customers and improving 
communications with suppliers and outside partners.

Technological innovations in the health care industry continue to provide physicians and health 
care providers with new ways to improve the quality of care delivered to their patients and improve the 
perspective of global health care. Health IT is the sector of IT that deals with health and medical care 
technological systems, as it involves designing, developing, using and maintaining electronic health care 
systems. The field of health IT bridges several professional disciplines including medicine and allied 
health professions, law, informatics, computer science, business, project management, and research. 
Health IT includes utilizing technology to electronically store, protect, retrieve, and transfer information 
within health care and community settings.

Health IT brings many potential benefits in the health care industry. The advantages of health IT 
include facilitating communication between health care providers; improving medication safety, track-
ing, and reporting; and promoting quality of care through optimized access to guidelines. Health IT 
enables health care workers to obtain, utilize, and communicate high-quality information about patients. 
Health IT systems permit the collection of important data for quality management, outcome reporting, 
and public health disease surveillance and reporting. Health IT allows patients access to their medical 
records, which helps them to feel more knowledgeable about their conditions and encourages them to 
actively participate in shared decision making. However, implementing, maintaining, and optimizing 
health IT can be a challenge for rural facilities and health care providers with limited resources and 
technology expertise.
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Health Care: The activity or business of providing medical services.
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in providing health care within a geographical area.
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organized to facilitate planning, control, coordination, and decision making in an organization.
Information Technology: A set of tools, processes, and associated equipment employed to collect, 

process, and present information.
Internet: The large system of connected computers around the world.
Social Networking Sites: The websites that are is designed to help people communicate and share 

information with a group.
Technology: The purposeful application of information in the design, production, and utilization of 

products and services.
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Technology Acceptance Model: The most widely used model to predict and explain the user ac-
ceptance of information technology.

Web 2.0: A collective term for certain applications of the Internet and the World Wide Web, including 
blogs, wikis, and social media websites, which focus on interactive sharing and participatory collabora-
tion rather than simple content delivery.
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ABSTRACT

Digital technologies that increase communication among students/users are viewed as interactive re-
sources for enhancing learning, especially in the field of science teaching. The new digital mission is 
to produce innovative learning environments and educational tools to enhance the traditional teaching 
methods still widely used today. The Digital Diorama project reproduces a set of Natural History Museum 
dioramas for IWBs and other electronic devices. Using the Digital Diorama enhances cooperative learn-
ing. This comes from the students/users’ explorations of the Digital Diorama and from strategies that 
we recommend to teachers.

INTRODUCTION

The Digital Diorama research project proposes using digital technologies in schools as a resource for 
boosting cooperative and collaborative learning, mainly in relation to scientific knowledge and the use of 
ICT (Information Communication Technology). Such tools offer great potential for schools at all levels 
of education and open up new prospects for teaching/learning in many fields. In addition, advances in 

Digital Diorama:
An Interactive Multimedia Resource 

for Learning the Life Sciences

Annamaria Poli
University of Milano-Bicocca, Italy

Annastella Gambini
University of Milano-Bicocca, Italy

Antonella Pezzotti
University of Milano-Bicocca, Italy

Alfredo Broglia
University of Milano-Bicocca, Italy

Alessandra Mazzola
Politecnico di Milano, Italy

Sabrina Muschiato
Politecnico di Milano, Italy

Carlo Emilio Standoli
Politecnico di Milano, Italy

Daniela Zambarbieri
Politecnico di Milano, Italy

Fiammetta Costa
Politecnico di Milano, Italy



53

Digital Diorama
 

the computer sciences are contributing to the development of increasingly sophisticated educational 
technologies.

If they are appropriately used, and applied following socio-constructivist teaching methods, the new 
devices can help meet the widely recognized challenges of the contemporary knowledge society, such 
as providing for lifelong learning, or fostering young people’s interest and motivation in order to achieve 
the learning outcomes required for everyday life1. Specifically, virtual learning environments can become 
places in which to experience active enquiry, teaching practices, and interaction with learning contents, 
as well as places for enhanced interpersonal relationships, discussion and sharing (Ghislandi, 2012).

In these learning environments, each learner is an active and involved member of a community, who 
helps to complete tasks or joint projects, and contributes his/her own experience, knowledge and skills 
to build collective knowledge (Herrington, Reeves, & Oliver, 2014).

STATE OF THE ART

Digital Technologies

The role of digital technologies and the importance of appropriate education and training in using digital 
media for children, teenagers and adults has long been acknowledged. The first institution to recognize 
this was Unesco: in 1982, thanks to the Grunwald Declaration on Media Education, attention was drawn 
for the first time to the need for educational programmes in digital technology at all levels of school-
ing2. In keeping with this early position, in 2002 Unesco launched the Youth Media Education Seminar 
initiative in Seville, which emphasized the need to promote digital technology literacy both critically 
and creatively, in both formal and informal educational contexts. In particular, the objectives identified 
by Unesco include providing incentives for the development of individual and collective digital citizen-
ship abilities.

Like Unesco, starting with the meeting in Lisbon in 2000, the European Commission has also launched 
initiatives promoting and supporting digital literacy, particularly in relation to the protection and promo-
tion of human rights. These include Safer Internet and the multi-annual e-Learning programme from 
2004-2006 for combatting the Digital divide, which, as well as defining the concept of digital literacy, 
sought to identify and disseminate good practices, such as fostering digital literacy in schools through 
e-learning3.

The European directives from 2000 onwards have called for ongoing debate on the function of digital 
technologies in the development of active and aware digital citizenship, and especial attention has been 
drawn to the integration of digital technologies and new media into the school curriculum, as well as to 
the accessibility required to facilitate inclusion.

A few years later, in 2007, Unesco again posed the question of including digital education in the 
school curriculum and issued its first recommendations for digital education in the document known as 
the “Paris Agenda”4.

Thanks to the European directives, in Italy, from 2007 onwards, the Ministry of Education, Univer-
sity and Research (MIUR) circulated a set of National Curricular Guidelines for Preschool, Primary 
and Lower Secondary Education (“Indicazioni nazionali per il curricolo della scuola dell’infanzia e del 
primo ciclo di istruzione”). In 2012, a revised edition of these guidelines was produced and published 
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in the Ministerial Regulation of 16 November 20125. The National Curricular Guidelines have led to 
official recognition of the role of digital technologies in schools in general and for educational purposes 
in particular.

Today, Italian schools enable students to acquire cognitive skills for learning and selecting informa-
tion, which in turn foster independent thinking and a sense of self-efficacy; in addition, students are 
expected to develop satisfactory digital skills and the capacity to make mindful use of the new media to 
search for and analyse data and information. Competence in the use of digital tools is envisaged from 
primary school onwards, and the approach advocated by the National Guidelines is not based on passive 
use, but rather on exploration, experimentation, imagination and creativity.

Given that it has been long recognised that digital technologies prompt and promote collaborative 
learning (Computer Supported Collaborative Learning - CSCL), the Italian guidelines expressly refer 
to the value of the “social dimension of learning”, a dimension that can be fostered thanks to the use of 
the “…new technologies that allow pupils to work together to build new knowledge”.

Students involved in educational projects using new technologies, learn not only acquire more ad-
vanced knowledge of digital tools and new technical skills, but also learn a more critical approach to 
processing and comparing information from digital and traditional sources.

Vice versa, students can acquire competence in the new digital technologies through courses in other 
subjects that draw on digital educational tools as rich resources characterised by multimediality, hy-
pertextuality, interaction and virtuality. In practice, such courses take on an interdisciplinary character, 
fostering a more active teaching methodology that in turn makes for more dynamic learning processes.

Therefore, the new mission of digital technology is to produce new learning environments and stra-
tegic tools for enhancing the traditional teaching methods still widely used today.

Thus, the use of digital instruments – to explore, experiment and develop creativity and imagination 
– is recommended from the preschool and early primary school stages onwards, given that digital tech-
nologies, by their nature, elicit a collaborative approach to learning: the National Curricular Guidelines 
clearly state that the social dimension of learning would be encouraged by the use of new technologies. 
As noted above, the use of digital technology not only enhances students’ technical competency, but also 
their competence in reflecting on and elaborating information. Finally, digital educational tools can cover 
multiple fields, supporting the implementation of an interdisciplinary methodological approach. All of 
which makes for a more dynamic and interdisciplinary mode of teaching and learning in the classroom.

IWB: The Interactive Education Technology Tool

The aim of our project is to enhance the teaching and learning of biology topics by creating innovative 
learning environments accessible from PCs, tablets and interactive whiteboards (IWB).

In Italy, interactive whiteboards are widely available in primary and secondary schools, although 
the implications of their use for teaching methods have not yet been widely investigated, with many 
questions remaining unanswered. This technology has been introduced into schools without adequate 
reflection on the effects or outcomes of its use, at either the individual or group levels. Antonio Calvani 
has proposed that IWBs are used at schools in two main ways: stylistic and/or linguistic. The former 
approach focuses on form at the expense of content, making extensive use of images, video and sound. 
The latter draws on “integrated linguistic codes”, or the specific terminology that describes instruments 
and digital products and the effects they can generate (Calvani, 2007). The tactile properties of IWBs 



55

Digital Diorama
 

have not yet been thoroughly investigated. Even more critically, the quality of educational software for 
IWBs has not been systematically evaluated, while educational applications with innovative IWB content 
have yet to be developed.

Nevertheless, the first studies on training teachers to use the IWB as part of their classroom teach-
ing activities have reported positive results; an example from the US is research conducted by Robert 
Marzano and Mark Haystead between 2009 and 2010.6

The use of IWBs in schools is associated with enhanced performance, motivation to learn, particularly 
in English Language, mathematics, the science subjects and quantitative disciplines.7

The full educational potential of the IWB is expressed when it is used as a “cognitive space” in 
which students/users construct their own learning through research, cooperation and problem solving 
(Esposito, 2012).

Interactive visualization is constantly evolving, and this form of communication enables the creation 
and interaction of new knowledge representations via the exploration of multiple topics. The multidisci-
plinary nature of interactive visualization represents the backbone of knowledge design. The key ques-
tion is how to ensure the quality of interactions. What kind of interaction should be targeted and how? 
This is because not all visualizations are equally effective; the challenge is to set new quality standards 
for assessing learning objects/environments and new digital tools/resources for educational contests.

The use of IWBs facilitates the organization of resources, storing and analysis of writing – which 
may be edited and integrated with other multimedia materials –, visualization of knowledge, and moni-
toring of individual students’ learning processes. It also contributes to the construction and sharing of 
knowledge and skills, promotes participation, and drives collaborative learning (Gagliardi, Gabbari, & 
Gaetano, 2010).

The Digital Diorama project aims to increase the use of IWBs with a view to obtaining the optimum 
educational benefits just outlined.

Figure 1. Map of IWB kind of uses at school
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THE DIGITAL DIORAMA PROJECT

The Digital Diorama project is funded by the Ministry of Education, University and Research8 and is 
being conducted over a three-year period. The project partners are, in addition with others, three Uni-
versity Departments: Program leader Department of Human Sciences for Education “Riccardo Massa”, 
University of Milano-Bicocca, Italy (in particular the biology teaching research team); Design Depart-
ment, Politecnico di Milano, Italy; Department of History, Humanities and Society, University of Rome 
Tor Vergata, the Institute Comprensivo Statale Copernico, and the urban park Parco Nord Milano.

The biology teaching research team has been working for some time on the development of learning 
environments and forms of teaching using new technologies, such as online courses, e-learning objects, 
multimedia objects and so on (Gambini, Pezzotti, & Samek Lodovici, 2005; Pezzotti & Gambini, 2012; 
Pezzotti, Broglia, & Gambini 2014).

The main aim of the group’s research is to go beyond the traditional approach to teaching the 
life sciences, which has proved inadequate to the task of producing meaningful and lasting learning. 
Memorizing classifications and definitions is not an effective learning strategy: learners’ crucial need 
is to acquire tools and skills that will enable them to process information from multiple sources (media, 
newspapers, Internet) and integrate it with existing knowledge. Nowadays, in fact, school is no longer 
the only place of information and learning. Many disciplines may be explored in different ways, using a 
host of constantly changing resources. Therefore, school should be a place that creates networks among 
“the complexity of new ways of learning by providing daily guidance that is attentive to methods, the 
new media and multi-dimensional research”9.

The Digital Diorama project has created new opportunities for the observation and analysis of teach-
ing and learning with digital technologies whose potential as learning resources has yet to be explored.

Figure 2. Presentation of the Digital Diorama on IWB
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Science learning can be stimulated, facilitated and enriched by exploiting resources found in museums. 
Such resources may be turned into real learning environments. They include dioramas: ecologically and 
paleontologically based models of natural environments, which act as “windows to look in on”.

The Digital Diorama project reproduces dioramas from natural history museums, enhancing the value 
of this key historical and cultural heritage asset. Specifically, the project involves digitizing real-life di-
oramas and turning them into multimedia learning objects for use in schools, museums and other venues.

Aims of the Project

A first aim of the project is to enhance the historical value of the dioramas on display in natural history 
museums, as significant cultural and scientific resources.

Another key aim is to enhance the learning of fundamental aspects of the biology underpinning life on 
our planet. To this end, we selected media education based on digital technologies as our cognitive tool 
of choice for presenting biology and ecology contents in an original fashion and updating the teaching 
practices currently implemented in schools.

The Digital Diorama is also an educational “device” that can encourage cooperative learning pro-
cesses and the sharing of knowledge and skills10. The project aims to train students and teachers in how 
to productively cooperate with others, respect diverse opinions, and channel their energies into working 
to achieve shared goals (social and cultural).

Finally, the project promotes integration among different disciplines, approaches and methodologies 
and supports the life-long learning approach to education for sustainability.

Biology is a young science and advances in biological knowledge are ever more urgently needed, 
given the most critical issues of our times (food resources, new epidemics, overpopulation, pollution, 
etc.). It is also critical that sustainability practices be implemented in educational contexts. To be effec-
tive, education on sustainability cannot be based on an old methodology, but needs to revolutionise the 
methods and rules that have been adopted by society up to now, and which have led us to the current 
situation, a methodology that has not looked to the future but to the past as its point of reference for 
establishing “scientific truth” (Sterling, 2001).

Methodological Issues

Digital Diorama are not designed as a standard format for the transmission of contents, but rather as an 
educational “device” that promotes discussion on biological topics, encourages “in-depth investigation”, 
draws out questions and sparks curiosity.

The group discussion method is strongly recommended in the educational literature (Czerwinsky 
Domenis, 2000; Pontecorvo 2004). Scientific discussion is the basis upon which science progresses and 
the National Curricular Guidelines also refer to the need to teach it11.

In introducing the Digital Diorama, the teacher is invited to discover it together with his/her students 
– as they encounter and choose to enter the hidden hotspots on the IWB to explore the contents. This 
methodology was specially designed to foster interconnections and help the students link the various 
contents explored and discussed.

The exploration should not be viewed as a quantitative activity: it is not necessary to “visit” all the 
hotspots, but only those that motivate students and engage their curiosity.
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The design of these multimedia objects offers many associations with everyday life, an essential 
requirement for ensuring that school activities act as reservoirs of knowledge for all areas of life (Arcà, 
2009). In addition, connections with the great unifying themes of biology are carefully drawn, while 
avoiding traditional, linear, or predefined learning paths (Gambini, Pezzotti, & Broglia, 2008).

Finally, attention was paid to exploiting the emotional aspects in the process of acquiring knowledge. 
Many studies have been carried out on understanding how emotions and affections come into the learn-
ing process (in school and in everyday life) and how, by fostering these aspects, it is possible to enhance 
cognitive abilities (Chalufour & Worth, 2004). The methodology recommended for use with the Digital 
Diorama promotes a close connection between the information and emotional aspects, which are gener-
ally marginal in the teaching of science.

Description of Levels

The Museum dioramas, once digitalized, become interactive interfaces consisting of a central image 
(the photograph of the entire Museum diorama), on which there is a menu and “hotspots” that may be 
activated by touch or a mouse. The hotspots enable personalized exploration of multimedia objects such 
as diagrams, images, videos, audio and textual traces. Digital Diorama are interactive systems that focus 
on the students/users and their “cognitive interaction” with elements of the represented environment.

The Digital Diorama home page consists of a high-resolution wide-angle photo of a dioramas in the 
museum. By scrolling over the photo, the student/user can zoom in to enlarge it.

From the home page, a pop-up menu, on left, allows the students/users to choose different levels of 
exploration.

At the first level Imaginary journey, a narrator invites the students/users to enter the Digital Diorama 
by drawing on their imagination and creativity to make an imaginary journey. Access to the Digital 
Diorama begins with the personal involvement of the students /users: they have to imagine sounds and 
smell sensations, etc. The hotspots allow them to continue their Imaginary journey, by lingering on 
particular details of the scene.

Figure 3. The map of Digital Diorama levels
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At the second level Crossover topics, each hotspot leads to a biology theme that is common to dif-
ferent living things (e.g., movement, hunting techniques, reproduction strategies, etc.). Each theme is 
illustrated by five multimedia contents (diagrams, images and videos) accompanied by brief captions.

These materials are specially designed to stimulate thinking and group discussion, which in turn to 
more advanced understanding of the theme. Furthermore, each multimedia content is linked to aspects 
of everyday life: for example, a fish that filters water to feed is compared to everyday objects, such as 
a tea bag, a colander, etc.

Figure 4. The interface of the Mediterranean Sea Digital Diorama with all the hotspots available at the 
first level

Figure 5. The levels menu on the interface of the Mediterranean Sea Digital Diorama
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By clicking on a round picture, students/users can access a guide containing text and images, which 
provide further insight into the topic and a brief explanation of the multimedia contents.

At the third level Identity Card, each hotspot offers students access to an identity card of the item 
represented, which contains brief questions and answers (FAQs) and is easily consultable during explo-
ration of the Digital Diorama.

The last level of exploration, Education Experiences, proposes scientific practical activities that may 
be related to some of the issues addressed.

PILOT TESTING PHASE WITH THE DIGITAL DIORAMA PROTOTYPE

Methodology: Quantitative and Qualitative Analysis

The evaluation of the Digital Diorama prototype (Mediterranean Sea) took into account the quality of the 
interface and the user-interface interaction, as well as the Digital Diorama’s effectiveness in enhancing 
the learning of selected key aspects of biology. The former type of assessment was quantitative, while 
the second involved the application of qualitative research methods such as focus groups, observation, 
analysis of students’ learning products (Mantovani, 2000; Baldacci, 2001).

Both evaluation approaches were used during pilot testing of the Digital Diorama prototype with five 
primary school classes (three second grades and two fifth grades) and with eight teachers: four teachers 
of Science, three of Italian (L1) and one of Mathematic.

Evaluations of interaction quality and usability of the Digital Diorama interfaces were heuristic and 
made use of multiple methodologies, with the involvement of all project stakeholders (researchers and 
students/users) to ensure a participatory approach (Nielsen, 1993). This type of evaluation is based on 

Figure 6. The Digital Diorama interface at the second level of exploration suggesting links with the 
everyday life



61

Digital Diorama
 

video observations of the actions performed by students/users while interacting with the Digital Diorama. 
It is therefore also a form of cooperative assessment, which is based on the methodology designed and 
developed by Monk and colleagues at the University of York (UK). This “cooperative” technique (Monk, 
Wright, Haber, & Davenport, 1993) allows the cooperative research group to gather experimental evi-
dence about the objective and quantitative exploration of the graphic interface of the Digital Diorama 
and the exploratory behaviour of those involved. To carry out this evaluation, the analysis of the eye 
movements of subjects interacting with the graphic interface through an eye tracking recording device 
was used. This device detects eye movements using video oculography that provides information on 
the direction of gaze with respect to the surrounding environment. Eyes move towards areas of interest; 
gaze and attention are closely linked: students/users can shift their focus without moving their eyes, but 
not vice versa.

Interface Usability Evaluation

In developing the interactive Digital Diorama system, to order obtain feedback on its performance and 
usability, it was critical to monitor the behaviour of primary school children while they were actually 
using it. To this end, students/users were observed while interacting with a digital prototype in both the 
laboratory and real life contexts (Hanna, Risden, Czerwinski, & Alexander, 1999).

The usability evaluation began with preliminary observation of a student freely interacting with the 
first Digital Diorama prototype. More specifically, we observed the visual behaviour of a student/user 
wearing eye tracking glasses in front of physical dioramas at the Natural History Museum, as well as 
the behaviour of “random” students/users in front of the Digital Diorama during a public event aimed 
at disseminating scientific culture and research. The knowledge gleaned from this preliminary phase 
was used to develop an experimental protocol for a usability test and behaviour analysis proper, to be 
conducted both in a laboratory setting and in the real-life context (school). The behaviour analysed in 
the laboratory was elicited by replicating insofar as possible classroom / real environment conditions.

The method adopted was innovative as it combined observations of physical and visual behaviour 
through eye tracking. Clear vision of an object is only guaranteed when its image falls within the central 
part of the retina, which is called fovea. Therefore, in order to explore a visual scene, the eyes have to 
move in such a way as to bring the image of an object of interest onto the fovea. During visual explora-
tion, the eyes make saccades and fixations. Because visual information is only acquired by the central 
nervous system during fixations, whereas saccades are used to shift the gaze from one point to another, it 
is reasonable to infer that eye tracking methodology represents a powerful tool for the study of exploration 
strategies and the underlying cognitive processes (Kowler, 1990; Schmid, & Zambarbieri, 1991; Monty 
& Senders, 1976). Thus, when students/users explore a visual scene, eye movements supply information 
about the focus of their attention.

Thus, it is clear that the use of eye tracking represents an innovative methodology that can provide 
experimental evidence for the objective and quantitative analysis of students’ visual exploratory behaviour 
in everyday situations (Hayhoe, & Ballard, 2005; Zambarbieri, 2003; Zambarbieri & Carniglia, 2012).

Contemporary videotaping technologies facilitate the adoption of new behaviour analysis models 
that examine different components of interaction, to be evaluated by interdisciplinary groups comprising 
engineers, designers, social scientists, usability and experts. Analysis of the students’ spatial behaviour, 
as well as their psychoperceptual reactions and expressions of emotion was performed using a software 
for video annotation that allowed us to create a structured database of the different components of in-
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teraction. The results of the tests were used to implement the design of the Digital Diorama (Nesset & 
Large, 2004; Andreoni, et al., 2010).

Four primary school students (two girls and two boys) took part in a laboratory test. According to 
the results by Nielsen and Landauer (1993), this number of test users is enough to detect around 70% of 
the existing usability problems and to achieve a 60% ratio of benefit to cost, which was the maximum 
attained by these authors in their study.

The experiments were divided into two steps:

• Each student, wearing eye tracking glasses, stood in front of the IWB. The experimenter guided 
exploration of the diorama by asking the child to execute specific tasks. The test lasted about 10 
minutes;

• The four students were together in front of the IWB and the experimenter asked them general 
questions about the contents of diorama. The test lasted about 25 minutes.
Throughout the entire experiment, the students were video-recorded by means of a camera placed 

in the upper corner of the experimental room to their backs.
Next, a similar test was conducted in the classroom with nine students (five females and males) 

aged 8 and 9 years.
• Each child in turn, wearing eye-tracking glasses, stood in front of the IWB. The experimenter 

guided the diorama exploration by asking the student to execute specific tasks. The test lasted 
about two minutes per participant.

Again, the students were video recorded by a camera positioned in a corner of the classroom.

Eye-Movement Analysis and Recording

Eye movements were recorded following the video-oculographic technique (VOG). VOG uses video 
camera to compute gaze direction. In order to make this data processing fast enough to be performed in 
real time, the image of the eye is usually illuminated with infrared light to create corneal reflexes. The 
infrared light is not visible to the student/user so it will not cause a distraction, however it is visible to 
the camera.

Eye Tracking Glasses (SMI – SensoMotoric Instruments GmbH, Germany) are used in this study 
(Figure 7).

Figure 7. Front and back view of the SMI eye tracking glasses, showing the position of the cameras
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The light frame of the glasses incorporates six infrared light-emitting diodes illuminating the eye to 
create the corneal reflexes. A digital camera is embedded to collect the images. A further camera, placed 
at the front of the glasses is used to record the scene in front of the student/user, allowing the correlation 
between gaze position and the environment to be computed.

Eye movement analysis was performed offline using the BeGaze software. The first stage in the 
analysis consists of the identification of saccades and fixations among the recorded eye movements. 
To identify fixations, BeGaze makes use of a dispersion based algorithm with a maximum dispersion 
threshold set at 100 pixels, and a minimum fixation duration of 80 msec.

Gaze displacement between two successive fixation positions are identified as saccades. Once sac-
cades and fixations are recognized from the temporal sequence of eye position data, the correlation 
between gaze position and the scene taken from the camera is established. From the position and dura-
tion of all fixations, the scanpath is reconstructed: fixations are represented by circles whose diameter is 
proportional to fixation duration, whereas straight lines represent saccades. Following this method, we 
were able to identify areas of interest (AOI) for each screenshot of the diorama and BeGaze calculated 
several eye movement parameters for each AOI, such as: number of fixations, total duration of gaze, 
mean fixation duration, order of access.

Focus Group, Training, Questionnaire, Classwork and Dissemination

As well as evaluating the quality of the interface, we conducted a qualitative analysis aimed at investigat-
ing the educational effectiveness of the Digital Diorama in improving the learning of selected biology 
topics. This assessment included the monitoring and observation of classroom work, focus groups with 
teachers, the collection and analysis of outputs (maps, drawings, reflections, short tests, experiments, 
research on Internet, etc.) produced by students during and after the use of the Digital Diorama.

This experimental phase was accompanied by a teacher-training program that included an initial 
briefing phase on the Digital Diorama methodology.

The overall training program began with a focus group discussion designed to gather data about the 
participating teachers’ current use of technology in the classroom and current teaching methods. During 
the discussion, the teachers were shown the Digital Diorama prototype then under construction.

Before working on the Digital Diorama with their classes, the teachers were invited to personally 
explore the different levels of the Digital Diorama and to simulate possible discussions with children, 
noting any difficulties encountered.

Four further training sessions were held, and each was recorded and analysed by an observer. During 
the first of these sessions, the teacher’s role was discussed, and defined in terms of equipping learners 
with effective thinking tools for selecting information and grasping key aspects of organisms and their 
environments. The Digital Diorama was introduced and explored by the group.

During the second session, the group used the Digital Diorama as students with a researcher playing 
the teacher’s role.

The third session was also a simulation of Digital Diorama’ context of use, but in this case, the teach-
ers were completely autonomous and played both their own role and the students’.

Finally, the teachers were invited to discuss the results of the trials, the structure of the Digital Di-
orama, its possible contexts, and the role of biology teachers in stimulating learners to form connections 
between the Crossover topics.
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At the end of the sessions, a questionnaire was distributed to the group, to elicit their impressions 
and perceptions of the training enjoyed.

The questionnaire was divided into seven sections and 23 questions: in the first section (from Ques-
tions1 to 5), teachers were asked about the technical aspects of the diorama, such as whether or not they 
found it easy to use; whether they had perceived any increase in their technological skills; what kind of 
difficulties they had encountered and why; the extent to which technological complexities had influenced 
the trials; their satisfaction with the usability of the interface.

Question 6 investigated the group’s satisfaction with the first level of the Digital Diorama (Imaginary 
journey), the voice-over and anticipated efficacy for the children.

From Questions 7 to 12, teachers were asked to express their opinion about the Crossover topics, in 
terms of the interface and contents (video, images, taglines, guides etc.) at this level and suggestions 
for improving them.

Similar questions were also asked about other levels (Everyday life: Questions 13 – 14; Identity card: 
Question 15; Educational experiences: question 16).

After this training phase, teachers invited their students to explore the Digital Diorama, both at the 
Human Behavior Laboratory and in their own classrooms. Subsequently, we invited the teachers to an-
other focus group discussion to collect their feedback about the overall experience of using the Digital 
Diorama, the difficulties they had encountered, suggestions for improving the device, etc.

ANALYSIS OF RESULTS

Individual Laboratory User Test

Among the 29 tasks administered to the children, three tasks were selected for the detailed presentation 
of results, on the grounds that they are the most representative of user interaction with the IWB. The 
results are reported both in terms of observed behaviours and gaze analysis. The next paragraph describes 
the behavioural observation of Step 2 of the experiment.

In Task 1, the students were asked to reach a given level (Imaginary journey or Crossover topics) of 
the Digital Diorama from the home page. To accomplish the task they needed to localize the menu but-
ton placed at the bottom left, and press it to visualize the menu items (Figure 8). Three children attained 
this the goal in few seconds and without the researcher’s support, while a fourth required instructions 
to locate the menu.

The scan path, in Figure 8, is an example of a student/user’s eye behaviour during the Imaginary 
journey. It may be observed that the student/user’s gaze first pointed towards the requested item, and then 
moved through all items before going back to the most pertinent one. Only at that time did the student/
user select the prescribed option.

Regarding Task 2, children were asked to exit from the hotspot and return to the main page. Different 
options were available to achieve the task:

1.  Pressing the zoom buttons, in the lower right-hand corner of the page;
2.  Pressing the level title at the bottom of the page;
3.  Pressing “HOME” and, from the home page, re-selecting the assigned level.



65

Digital Diorama
 

During the testing, this task was submitted three times. The expected behaviour was that the students 
would chose the first option. They did, but when the task was administered first, their reaction times 
were relatively slow.

In fact, it emerged from the scan path analysis that the students first explored the lower area of the 
screen where all control keys are placed and only found the zoom buttons later (Figure 9). However, as 
the task was repeated, the students quickly learnt to access the zoom buttons.

Figure 8. Scanpath of a child while Carrying out Task 1. Circles represent fixations, straight lines saccades

Figure 9. Scan path of a child during the execution of Task 2
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With regard to Task 3, the children were asked to exit the current level and return to the previous 
one. There were different possible options for achieving this outcome:

1.  Pressing the left arrow;
2.  Pressing the level title at the bottom of the page;
3.  Pressing home” and, from the home page, re-selecting the level.

During the experiment, this task was administered twice. Three of the children correctly identified 
the left arrow in the lower right corner on the first trial, as shown by the scan path in Figure 10. The 
fourth child behaved differently on both tasks, by choosing Options 3 and 2, respectively.

Behavioural Group Test

The main objective of the second experimental stage was to define how children reacted to the Diorama, 
to evaluate whether the Digital Diorama can help them to improve their cooperative learning and their 
capacity to connect topics and develop contents as a group. A secondary aim was to observe how children 
behave when they use the IWB interface during tests, and in particular, to note any signs of cognitive 
difficulty, enjoyment, boredom and curiosity during interaction.

The tests consisted of simulating interaction with the diorama, on the IWB, in the context of school. 
They were divided into two parts: the first, which took 20 minutes, was composed of a semi-structured 
trial aimed at assessing whether collaboration took place between the children while they were explor-
ing Digital Diorama. The second part took the form of a 5-minute session in which the children were 
completely free to interact with Digital Diorama as they wished.

At the beginning of the test, the children were assembled and seated around the table in front of the 
IWB. The researcher introduced the exploration phase of the Digital Diorama, and explained to each of 

Figure 10. Scan path of a child during the execution of task 3
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them how to interact with it. The researcher called only one child to IWB and asked him to start the test. 
In the meantime, the rest of the group remained seated for one minute and then all got up together to help 
choose the topic to be explored. Children remained standing throughout the trial. During the exploration 
of various Digital Diorama contents, the researcher posed open-ended questions to the children, who 
were free to answer and express themselves as they wished, particularly in the last 5 minutes.

Qualitative analysis was based on the direct observations of a behavioural expert who specifically 
coded: emotional involvement, attention maintenance and students’ ability to generate discussion about 
the Crossover topics. Quantitative analysis was performed by examining the video-recordings using a 
software for video annotation called Advene (Annotate Digital Video, Exchange on the Net) in order to 
identify students’ behaviours and verbalizations. The software allows a database of structured notations 
to be created and analyzed through software queries.

The identified behaviours were organized around two research themes (Figure 11):

1.  Physical participation of the individual child and the group: spatial behavior (task: move);
2.  Verbal participation of the individual child and the group: oral interaction (task: talk).

Afterwards, the analysis grid was amplified to extract information and collect data concerning: 
elements that aroused the children’s curiosity, elements that attracted the children’s attention, group 
interaction, group discussion.

In general, it was observed that all children were actively involved in the test: some children first copied 
the sound or behaviour of the animal, others joined immediately in the discussion. All children provided 
appropriate answers to the questions and often initiated spontaneous discussions on different topics. 
During the test, the general physical posture adopted by the children was standing in front of the IWB.

Children maintained a strong level of interest for the duration of the test. Boys were more active in 
movement than girls, and more inclined to motivate others to participate in the interaction with the IWB. 
The boys interacted more with the IWB, both to perform commands and explore topics, while the girls 
did not interact much as with the Digital Diorama.

Figure 11. Schemas of spatial behaviour 
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During the last five minutes of the test, a key behavioural change was observed. When the researcher 
moved out of the children’s sight and left them alone, all the children continuously interacted with the 
Digital Diorama’s interface by giving commands, selecting and pursuing topics together, based on free 
choice. In this context, all the children intensively explored and interacted with the Identity card level 
of the Digital Diorama.

The Basic Schema, devised by an expert in psycho pedagogy based on the qualitative analysis of the 
data, identified the objectives and tasks against which to match observations of the children’s verbal and 
non-verbal behaviours (Figure 12).

Often one or more children touched the IWB to point out something on the Digital Diorama that 
excited them and aroused their interest. Otherwise, for the rest of the trial, the children remained stand-
ing in a row without touching the IWB.

In relation to oral interaction (“talk”), the first annotation concerned speaking, spontaneous observa-
tion, and discussion among peers. As the children interacted with the Digital Diorama, they consistently 
behaved as though they were having fun, they often spoke aloud, they answered questions and read the 
texts out loud together.

For example, miming (“mimare”) was a recurrent behaviour that began with the movement of one 
child, which then prompted all other children to join in, generating curiosity and enjoyment. Another 
interesting spatial behaviour observed was that named group building (“fare gruppo”). In two annotations 
of the test, it was obvious that children got together to select or pursue a particular topic (Figure 13).

The students’ verbal and nonverbal behaviours showed that they link different elements of Digital 
Diorama with one another, jumping from one organism to another, relating them to one another, reason-
ing and discussing individually and in a group.

Figure 12. Basic Schema with mapping of verbal and non-verbal behaviour
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The students’ questions and remarks showed that they had reflected on the proposed themes: the group 
seemed curious, stimulated by the questions and forthcoming with their hypotheses concerning possible 
connections between elements of the Diorama and their life experience. The fact that they explored the 
Digital Diorama by analysing similarities and differences between the organisms shows that they were 
interested in the relationships at work in the diorama and that they were able to grasp the complexity of 
the living systems presented to them.

User Test in Real-Life Setting

Based on analysis of the data collected during the laboratory trials, we organized further tests with other 
students, in their classroom, obtaining further reliable data that was key for optimum development of the 
Digital Diorama. Only five tasks from the previous battery were administered, selected because of their 
pertinence to the criterion of usability. We also reduced the duration of the test, from 10 to 2 minutes.

Nine students aged between 8 and 9 years were involved in the experiment: five girls and 4 boys. The 
experimental set-up was the same as in the laboratory setting: students were examined while performing 
the test, and wearing eye tracking glasses, and were video recorded by a camera positioned in a corner 
of the classroom.

The selected tasks were:

• Task 1: Scroll through the Digital Diorama;
• Task 2: Find the Menu and expand it;
• Task 3: Identify the levels and among them get to Crossover topics;
• Task 4: Exit the screen (3 possible options);
• Task 5: Go back to the big image (Crossover topics level) (2 possible options).

Task 1 “scroll through the Digital Diorama” was chosen because of the shape of the represented 
environment; in fact, the Mediterranean Sea image taken by photographing the physical diorama at the 
Museo di Storia Naturale di Livorno was very long. For this reason, we wished to check if it would be 

Figure 13. Example of one on 7 annotation from make group and the corresponding real situation
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intuitive for most students/users to navigate. In the end, however the results were invalidated due to 
technical problems with the IWB device.

Task 2 “find the menu and expand it” was a key task for the evaluation of usability. In fact, the chosen 
button was not highly visible and positioned on the lower left hand part of the screen. During the lab 
test, all four students had successfully completed this task, but we wanted to further evaluate the button’s 
position and graphic representation. Thanks to the eye-tracking analysis, we discovered that the students 
first moved their gaze around the screen to search for the menu. Three of the nine students found the 
menu button. The other six were not able to complete the task; among these, two students clicked on the 
writing with the name of the level, instead of the icon.

Task 3 “reach a level” was administered because it could tell us something about a critical aspect that 
emerged from the laboratory test. Although the students in the earlier trial had all successfully completed 
the task, we were concerned about the fact that the control keys were not graphically homogeneous: in 
some cases, they were buttons, in others written, in others shapes like arrows or the “i” of information. 
All students, having found the menu, were able to reach the Crossover topics level, by clicking on the 
name of the level.

Tasks 4 and 5: “exit the screen” and “go back” were chosen because we had already tested them in the 
laboratory and found that they were not easy for students/users to understand. Given that the task could 
be completed in different ways, we wished to obtain the feedback of the students/users about this aspect.

Students were requested to exit the current level and return to the previous one. The different possible 
options for achieving this were:

1.  Pressing the left arrow;
2.  Pressing the level title at the bottom of the page;
3.  Pressing “HOME” and, from the home page, re-selecting the level.

Figure 14. Scanpath of the children during the execution of Task 2
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Among these three options, five students executed the task correctly by clicking the back button, 
two students selected the name of the level, one student/user pressed Home followed by the name of the 
level, while one participant was not able to identify any of the three possible strategies.

The go back task was not completed by all students, with four of the nine interrupting the process 
when they encountered an obstacle. Of these, one hesitated, one tried to click on HOME, and then 
subsequently on the Crossover topics level name, one tried to click on an inactive part of the screen and 
only three students were successful, by clicking on the level name.

Comparing the results of the tests in the laboratory and the classroom, we found that some of them 
were very similar. For example, free exploration of the hotspots showed that almost all the students/
users mainly moved their gaze along the central part of the screen. There were no saccades and fixa-
tions in the upper part of the image. This result was confirmed by what the students said during the free 
exploration. In fact, when they were asked about what element most intrigued them, they all answered: 
The dolphins, the Posidonia, the fishes in the center of the screen.

A critical issue is the positioning of the menu button: all four students/users in the laboratory test 
located it, while most of those in the classroom test did not (6/9). In any case, after a short length of time 
interacting with Digital Diorama’s interface, the students learnt the positioning of the control keys and 
automatically searched for them in the lower part of the screen.

No critical issues emerged from the request to reach a specific level. Once the children had learnt 
where to find the menu and how to expand it (by clicking on the icon), they easily understood that the 
levels were reachable by clicking the writing with the name of the level itself. This shows that in this 
particular case, the choice to represent the control keys in different ways did not make it impossible for 
the student/user to surf the Digital Diorama.

Some critical issues emerged from analysis of the students’ scan paths for the “exit the screen” task. 
In fact, five of the nine students, after exploring the lower part of the screen, recognized the back button. 
This suggest that the three options available to achieve the task confused some of the students.

Figure 15. Scanpath of the children during the execution of task 4 and 5
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The most critical aspect that emerged from the eye tracking analysis concerned the task of returning 
to the Crossover topics level. In this case, the task was not completed by all the students, four of whom 
aborted the process because they could not find the back button. Among the five students who completed 
the process, three correctly reached the task, one clicked HOME instead of Crossover topics and one 
did not find any way out. Redesigning the level titles by shaping them as buttons might contribute to 
making the Digital Diorama become even more intuitive and user-friendly.

Focus Groups and Training

The data collected during the first focus group discussion showed that the teachers were already using 
new technologies in the classroom but continuing to draw on traditional teaching methods. For example, 
IWBs had been predominantly managed and used by the teachers themselves and used as a research tool 
rather than for cooperation purposes.

The presentation of the Digital Diorama prototype was positively received by the teachers, as a poten-
tially useful educational device for science teaching and not only for science. This was a first key result, 
which suggests that there is potential for the interdisciplinary use of the Digital Diorama. Exploiting 
the diorama as a multidisciplinary tool would cater for the need to foster well-established connections 
and relationships between the different fields of knowledge. We collected the initial impressions of the 
teachers who had begun to explore Digital Diorama. From a technological point of view, the teachers 
reported that they were satisfied and had found the Digital Diorama easy to use on the IWB.

The teachers reported a high level of satisfaction with the graphic layout of the Digital Diorama, as 
well with the multimedia materials offered at the hotspots and the choice of themes addressed.

With regard to the teaching methodology, the teachers expressed a positive opinion about the ap-
proach designed for use with the Digital Diorama. In particular, they appreciated the potential offered 
for stimulating the students’ curiosity (through questions, discussion and subsequent reflection) and the 
transversality of the themes proposed.

Questionnaire

Overall, teachers reported that they were satisfied, finding the Digital Diorama on IWB to be user-
friendly with an attractive graphic interface. The only problematic aspect that emerged related to the 
activation of the different levels, to be managed through the menu, given that the position of the menu 
was not easily located when exploration was undersay.

The level Imaginary journey was considered quite satisfactory in relation to the voice-over. The 
Identity card format was perceived as very or completely satisfactory by the whole group, except for 
one teacher who did not explain his opinion. Teachers also liked the level Crossover topics and the con-
nections to the guides containing semi-structured information on preparing and moderating exploration 
of the Digital Diorama. In relation to everyday life topics, teachers manifested different points of view: 
their evaluations ranged from total satisfaction to dissatisfaction. The group of teachers also displayed 
strong interest in designing and/or conducting complementary educational experiences for students on 
completion of the basic Digital Diorama exploration.

With regard to methodology, the teachers appeared to be highly satisfied; those who answered the 
questions felt had they understood the method and were excited about its potential; the specific aspects 
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that they praised included: curiosity, transversality, the stimulating nature of the enquiry-based method, 
and reasoning on the basis of differences and similarities.

Finally, the participating teachers positively rated the overall training path: they believed that the 
experience had been positive and had led them to develop a proactive attitude in relation to new teach-
ing methodologies.

Classwork

Instead of reporting on children’s exploration of the Digital Diorama level by level, we have chosen to 
organize the data by type of activity conducted given that the same activity format may be encountered 
at more than one level.

Personal Involvement

The teachers all agreed that the experience of exploring the Digital Diorama, particularly the Imaginary 
journey level, had elicited a high degree of emotional involvement on the part of the children.

The teachers defined the Digital Diorama as an engaging instrument, with the power to create a 
particularly relaxed learning environment, and provide a higher degree of motivation that traditionally 
conducted classes. The exploration, which begins with a sequence designed to strongly elicit emotions, 
allowed the children to establish a relationship with the represented ecosystems and to emotionally bond 
with them. (Wilson, 1993; Barbiero 2012).

This is a significant and unprecedented finding given that in science learning, the involvement of 
the emotional sphere is not usually planned for or encouraged, despite its great importance. This is the 
dimension experienced by researchers when they become passionate about the topic that they are study-
ing and draw inspiration from this for future developments of their work.

Another highly significant outcome was the children’s tendency to associate elements and situations 
from the Digital Diorama with their personal life experience, in terms of identifying a key theme and 
linking it with everyday life. In general during the exploration, the children experienced a strong desire 
to talk about episodes drawn from their own experience. These references to their personal lives were 
constant, to the extent that the discussions sometimes strayed off the initial theme. Although the teach-
ers had to work hard to maintain the thread of the discussion, the opportunity to freely contribute was 
highly motivating for the children, increasing their enthusiasm for the work to be done, engaging them 
and making them feel actively part of the learning process.

Figure 16. Examples of the children’s comments about their feelings and sensations during exploration 
of the Digital Diorama
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Mode of Exploration

The teachers did not lead the children through the Digital Diorama following a predefined pathway, but 
explored and discovered it together with the children. The time-scales and modes of exploration were 
dictated by the needs and interests of the specific class group. The second graders, for example, spent more 
time over the Imaginary journey level and the Crossover topics and did not venture into the Identity card 
level. The fifth class teachers, in contrast, worked at this last level also, catering for the older children’s 
need to search for additional information and find further specific facts within the Digital Diorama.

The class groups generally explored the Imaginary journey at a leisurely pace, taking a relatively long 
time to complete them (this was especially the case for the younger children). This gave the children the 
opportunity to activate their imaginations (an aspect which in the museum setting is often overlooked), 
and to turn the Digital Diorama into a place of exploration rather than a representation of defined ele-
ments. This initial phase was of key educational importance, as it laid the foundations for the discussions 
that took place at all the subsequent levels of exploration… discussions based on reflections, answers, 
and “genuine” questions issuing from the intellectual and creative work of the entire group.

The discussions on transversal themes again featured a high level of references to daily life (e.g., 
holidays at the sea, pets, etc.), and in the case of the fifth class children, to previous experiences and 
learning contents already encountered in class. For example, the children linked the cliffs of Dover seen 
on the Digital Diorama, with the Dolomites – a topic earlier covered at school: both are examples of 
mountains characterized by layers of limestone rock in which it is possible to identify the shells of the 
marine animals forming them.

DISCUSSION

The use of the Digital Diorama was characterised by continuous discussion. The opportunity to actively 
participate in the discussions was well received by the children. Occasionally the teachers found it dif-
ficult to involve shyer or more “passive” children in the discussion, because they were taken up with 
moderating and at times holding in check the excessive enthusiasm of the more active students. In the 
teachers’ view, the methodology recommended for use with the Digital Diorama (guiding discussion 
rather than providing information) was highly productive and made the classes lively and interesting.

Figure 17. Examples of comments made by the children linking the contents of the Digital Diorama with 
aspects of everyday life
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Some of the themes, such as for example that of parental care in different groups of animals, aroused 
great interest on the part of the children, again leading them to make connections with their personal 
experience. We consider this to be a very meaningful result: discussion is the basis on which science 
progresses and the use of this methodology in the classroom is strongly called for in the most authorita-
tive educational literature.

Integrating the Digital Diorama Into Ongoing Biology

During the final focus group discussion the teachers emphasized the fact that some of the themes en-
countered in the Digital Diorama had been taken up again by the children during subsequent classwork 
on other topics. These included: the human body (the different parts and how they are interconnected); 
the difference between living and non-living things, classifying living things based on personal obser-
vations and “playing” around with similarities and differences; the ecosystem and the food chain; the 
characteristics of living organisms and their possible adaptations to the environment they live in.

Interdisciplinarity

The Digital Diorama was found to be a multimedia “device” suitable for use outside of the strictly sci-
entific domain. A science teacher and a teacher of Italian, for example, invited the children to carry out 
a interdisciplinary project, by asking them to write audio commentaries for some of the video footage 
from the Digital Diorama. The children’s comments were enriched with references to the biological and 
ecological contents encountered during their explorations (a sample in Figure 18).

Figure 18. Example of a discussion that arose during interaction with the Digital Diorama between 
children and their teacher

Figure 19. Audio commentary prepared by the children for the video footage showing the hunting tech-
nique of cats (stalking)
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The detailed description of the cat’s movements is the impressive outcome of careful observation 
of the video footage and in-depth group discussions. The commentary is also rich and effective from a 
linguistic and communicative point of view: the use of a question within the commentary captures the 
listener’s/reader’s attention; furthermore, the description of the last sequence in the cat’s hunting tech-
nique is so accurate and well-expressed that it conveys the animal’s increase in speed most effectively.

Another example of an interdisciplinary project (science-history-geography) was the production of 
an identity card for the jar represented in the Digital Diorama, along with other archaeological remains 
that may be found on the sea bed.

Technical Aspects

The main technical difficulties /limitations encountered during exploration of the prototype Digital 
Diorama concerned occasional stalling of the video contents. This was partly due to poor Internet con-
nections. In any case, it did not significantly affect the carrying out of the work.

The children were attracted by the IWB and were soon highly familiar with how to use it as well 
as with how to explore the Digital Diorama: they easily memorized the positions of the hotspots and 
themes associated with each. The Digital Diorama proved to be a user-friendly and easily understood 
device. This allowed the children to apply their digital competence – usually drawn on for entertainment 
purposes only – to a product specifically designed for educational purposes (Jenkins, 2010; Ferri, 2011).

It was not always feasible to fully exploit the potential of the IWB to foster collaborative learning 
work. The classroom space was typically taken up by desks, chairs and other “obstacles” that did not 
leave enough room for groups of students to work in front of the IWB. Indeed, to facilitate the active 
participation of all the students and allow all of them to use the IWB, in some cases it proved necessary 
to divide the class into smaller groups.

The results of the prototype-testing phase provided valuable input for the production of other Digital 
Diorama planned as part of this project. The experimental participants’ observations enabled us to make 
a number of improvements to the interface.

For example, where possible we have included video clips instead of photographs, because the latter 
were found to be less attractive to the children. We also substituted multimedia material that the children 
found difficult to understand, or that in general were not particularly well received by them.

In order to ensure that the Digital Diorama may be explored in a relatively fluid manner, we trans-
ferred the multimedia materials to a dedicated site external to the interface, which is therefore more 
easily accessed even when the Internet connection is poor.

Experimentation at Public Workstation

A public workstation with an IWB has been installed, which is freely accessible to all those wishing to 
explore the Digital Diorama. A sample of 23 heterogeneous students/users, with different ICT skills 
and experiences, were observed during free individual and group explorations and interviewed. After a 
brief familiarisation session, all the students/users were able to use the IWB and understand the Digital 
Diorama’s functionalities. The level that mostly stimulated interest was that of Crossover topics. Most 
of the students/users answered that they would use the Digital Diorama for either teaching or learning 
any matters, and with students of different ages; one participant stated that he would also use them with 
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the elderly. At the end of this itinerary, an interactive whiteboard with the Digital Diorama was installed 
in a public space at the University of Milano-Bicocca, while other public workstations will be soon ac-
cessible at the urban park of Parco Nord Milano.

FUTURE RESEARCH DIRECTIONS

In recent months, we have launched experimentation with all four Digital Diorama produced for this 
project, involving about 20 classes at various levels of education distributed throughout Italy. This phase 
too will be evaluated using qualitative research methods. Participants are 450 children and around 20 
teachers of science (the majority), Italian, mathematics, technology and special needs.

This national experimentation is still ongoing, as is the data collection and data analysis.
The Digital Diorama may be used flexibly by teachers in terms of deciding when to introduce it 

into the teaching programme, while it can also be a valuable tool for establishing continuity of method 
between successive levels of education.

To promote dissemination of the Digital Diorama as an innovative learning resource, an alternative 
IWB open source hardware technology could be designed and produced to lower the cost of installation 
in schools.

Moreover, the architecture of the Digital Diorama system can be further used to support the develop-
ment of other typologies of learning tools based for example on art pieces.

The Digital Diorama project also involves the creation and maintenance of a database of existing 
dioramas in Italian and foreign museums, with the aim of making them better known, fostering com-
parison and online exchange experiences.

The Digital Diorama may also be used outside of schools, in public spaces: at museums, universities, 
and other suitable public spaces. This device will be available to anyone wishing to interactively explore 
environmental issues linked to everyday life. Applying the awareness acquired from the Digital Diorama 
to our daily lives can help us to modify certain socio-cultural habits and contribute to sustainability.

Table 1. Breakdown of the schools and classes involved in the experimentation at the national level

Cities n. classes Primary Secondary (Lower) Secondary (Upper)

Messina 2 1 1

Livorno 1 1

Napoli 2 1 1

Roma 2 2

Milano 2 1 1

Cinisello 2 2

Lissone 1 1

Besana 3 3

Mortara 4 2 2

total 19 12 5 2
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Thus the Digital Diorama is a tool that combines many valuable aspects including promoting the 
understanding of many ecosystems and key concepts in ecology, with a method using guided participa-
tion and collaborative learning, within an overall framework that will encourage responsible attitudes 
and sustainability practices in everyday life.

CONCLUSION

The results obtained to date will be supplemented and enriched with other data currently being collated 
and analysed by the group. Given the significant volume of data collected (mainly via video-recording) 
on the teacher-training sessions, the classwork and students’ learning products, additional time is required 
for its analysis.

However, we are already able to predict that the results will be positive, leading to strong demand to 
participate in this project, from schools in particular.

Experimental evidence on user interaction with the Digital Diorama was obtained using qualitative and 
quantitative methodological approaches. The results of the quantitative assessment based on monitoring 
the behaviour and eye movements of students during exploration of the visual interface, suggested that 
children interacted comfortably with the Digital Diorama interface, and did not display any particular 
difficulty in understanding and using them. Nonetheless, some details of the graphic interface were 
modified based on the results of the experimental observations. For example, the titles of the levels in 
the Digital Diorama and some of the other buttons were redesigned to make using the Digital Diorama 
even more intuitive. For example, in relation to recognition of the play button to activate the audio of 
the hotspots, the icon was redesigned and a pause command added to enhance ease-of-use.

Indeed the outcomes of the user tests with students were obtained under specific experimental condi-
tions that had been fixed to allow comparisons and quantitative and qualitative analysis. In addition, the 
qualitative follow up of the experimentation with Digital Diorama in schools, used the observation of 
behaviours to show that after working with the device in the classroom over a number of months, all the 
participating students were competent in managing the interface and knowing how to explore it. This 
level of evaluation also led us to further fine tune the Digital Diorama interface.

The emotional dimension of a the creative cognitive exploration elicited by the Digital Diorama (for 
example, through the Imaginary journey level as earlier described) can provide more effective educational 
support to teachers than the typical tools of formal learning such as traditional lesson styles and textbooks.

It is also expected that the proposed methodology will help students to become familiar with the pro-
cedurals and practices that reflect the mind-set of researchers, for example building a concrete product to 
share with others, discussion, reflecting on information exchanged, etc. This aspect will be investigated 
further in the course of our ongoing experimentation.

Based on the results obtained to date, we can be confident in assuming that we have designed a user 
friendly interactive graphics interface and a sophisticated “educational device” that can provide valuable 
support to teachers during their classroom activities and to students in their learning processes.

Moreover, the research findings suggest that exploration of Digital Diorama brings children into 
contact with their desire to know.

The potential to exploit the Digital Diorama outside of natural science teaching was confirmed by 
teachers during training and focus group discussions, where they shared their successful experience of 
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using the Digital Diorama with their colleagues teaching different subjects, for example: Italian, English 
and Mathematics. Therefore, the Digital Diorama mode of exploration and the interaction that it pro-
duces among students and teachers also provides an interesting “educational device” for experimenting 
with the interdisciplinary methods. This result meets the need to foster well-established connections 
and relationships between different fields of knowledge. Such a learning modality is being advocated at 
the European and international levels, with the aim of providing the transversal base of knowledge and 
competences required to address the complex issues facing contemporary society.
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ABSTRACT

This chapter presents an educational and consulting path for the use of new technologies that support 
the improvement of learning relationships in groups (Parmigiani, 2009), the construction of knowledge 
(Lakkala et al., 2007; Kangas et al., 2007) and the ability to recognize and explore the experience of 
communication and relationship at professional and personal levels, for the individual and for groups 
in order to enhance abilities and professional skills on several levels: cognitive, affective, conative and 
practical (Paquay, Altet, Charlier, & Perrenoud, 2001). Through the report of the experiments carried 
out for two years and applied to two training projects for teachers of five Primary and Secondary Italian 
schools, the main objective is to describe and present the overall results. The approaches used were 
inspired by the method of participatory research and action research with a clinical and pedagogical 
approach. The methodology is based on the case study of the Clinica della Formazione (Massa, 1992; 
Franza, 2003) that increases the emotional, communicative and relationship dimensions and gives 
concreteness not only to the educational action but also to the process behind it, which then becomes 
the target of investigations.

INTRODUCTION

“School-cinema” is a project of research and intervention as well as a training devise started from the 
Master in Development of Clinical Skills in Educational and Training Professions at the University of 
Milano-Bicocca, developed by Dr. Daniela Tamburini under the supervision of Prof. Angelo Mario 
Franza1 of the University of Bologna. The project has been applied widely in different educational and 
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training contexts such as, among others, the Laboratories of Systems of Communication (2007-2008; 
2008-2009) and Film Language (2005-2006) in collaboration with Prof. Cesare Massarenti – University 
Professor, International Consulting Information Technology - and the Laboratory of Visual Sociology 
of the University of Milano-Bicocca, faculty of Sociology.

This chapter presents the application of the project within a training program that lasted approximately 
a year and involved 98 participants: 48   teachers and 50 students of a School District of Milan consisting 
of four Primary Schools and one Secondary Junior School. It describes the pedagogical premises and 
foundations of the project, the structure and model adopted and its main outcomes.

The Context: The School as a Complex System

The experience of teaching can hardly be understood and can, perhaps even less, be expressed in an 
exhaustive way, given the complexity of its essential features. To this regard, in “Changing the school” 
(Massa, 1997), Prof. Riccardo Massa insists on the concept of complexity and, at the same time, of col-
lectivity, intended as “understanding” and identified as a fundamental element when educating referred 
not only to the relationship teacher-pupil, but also to the relationships teacher-teacher and teacher-parent.

Pupils: we see a transfer of expectations, also of the affective type, to the school, especially by adoles-
cents and pre-adolescents who are unable to handle positively the recognition of the role of student, and 
perceive the school (especially the class-group) as a theater, a real stage on which to act a passionate scene 
of “mirroring tenderness” (Charmet, 2009), often disguised as apparently apathetic behavior. Nowadays 
the school is, therefore, faced with the task of developing the connection between reality and image, to 
help the young person live better the dramatic contemporary fracture, in which devotion to one’s own 
representation generates cultural conflicts that hinder the educational process and the development path.

Parents: parents, too, have to go through the culture of role, undergo strong pressure on the role of 
father and mother and are often forced to behave as if in a “theater performance”, without being able to 
find the real role of father and mother. Within this scenario there may be some attitudes that tend to differ 
greatly with the school (and faculty) aiming at symbolically rebuilding a well-defined role, or looking 
for common aspects (alliances) to the point of reaching attitudes of passive delegation. This means that 
the school possesses a sort of rituality, where the conscious dimension is in contact with a deeper part, 
which we will not call “unconscious” but which we can certainly indicate as “unaware” (Ugazio, 2012).

Teachers: Let’s now think of the teachers and the problems associated with their role. We can define 
them “the characters”: the school is also the theater of one’s own emotions, a place where to develop, but 
also defend (as if in a trench) professional as well as personal ideas and values. Being a teacher means 
taking on a role of responsibility with increasingly blurred boundaries that are often pre-determined 
(Cerioli, 2002). This role often implies the absence of shared reference points (Riva, 2008) with an in-
evitable increase of conflicts, stress and effort to accept and understand each other, to meet for common 
projects and recognize oneself as part of them.

The above three elements imply that the school is increasingly considered a complex system, where the 
variables at stake are linked by relationships of interdependence: the hypothesis underlying this research 
project is that, in this context, technology is to take on the characteristics of a pedagogical tool, functional 
to the modification of teaching-learning practices to cope with the change taking place in our time.
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The Educational Potential of New Technologies

The assumption that teaching mechanically implies learning has never been defensible, but today this 
statement can be affirmed with greater certainty if we think of how difficult it is, especially in Italy, to 
introduce new technologies into the complexity characteristic of the relationship between teacher and 
student, among the students in a class, and also of the school itself as a system when considering the 
poor ability to implement the educational potential that new technologies carry. Thus training programs 
for teachers should necessarily be oriented towards the development of digital culture, focused not only 
on technological aspects, but they should also, and above all, be aimed at methodological and psycho-
pedagogical skills, to be considered the most interesting when introducing technology in schools.

It is no longer a question of establishing the necessary relations between the introduction of technolo-
gies in schools and its good use, but of modifying teaching practices thanks to the opportunities they 
offer, and through the implementation of new methodologies that may facilitate learning, exchanges 
among disciplines and that can bring knowledge “down to the earth” and applicable to different contexts.

The “school-cinema” program is proposed as a methodology both coded, well-structured and also 
flexible, able to find different system forms depending on the situations to which it is applied.

THE CINEMA IN THE SCHOOL

The School as a Creative Representation

Now let us ask ourselves this question: within this “scenario” why the cinema in the school? First of all, 
in young people films trigger their the love for the art of interpretation: through the interpretation of a 
film sequence they inevitably end up talking about themselves and they interpret their and other people’s 
behavior in the attempt to find their way in the midst of a never-ending and sometimes exhausting hall 
of mirrors, where Socratic questions keep recurring. The cinema is a true experience (especially when 
lived in groups, such as a class). What amazes me is the young’s ravenous curiosity smoldering under 
the apparent state of “deep coma” (any reference, especially to films, is allowed)2. It is as if outside 
their group – and so, of their body or vice versa - there were no reality, as if reality could only reside 
within the narrow boundaries of their closed relationships: their language is essentially metaphorical 
and analogical whereas ours as educators, teachers, adults is, in general, mainly symbolic/numeric (this 
is obviously a myth the young often have and cherish). Culture, cinema, fashion, theater, virtual world, 
ethics, being in a group are “otherness” from reality, an alternative to the norm: in addition to values 
they share a language that depicts the daily experience in a different way.

Secondly, the cinema is a place of art and creativity is the foundation for any good process of com-
munication and therefore of behavior. To create is to build together new perceptions and new meanings: 
to do it we need a method, it cannot be improvised. Today any person who takes upon themselves an 
educational role is, as an adult, called to find ways to communicate in an intricate network of stories 
– including their own – in order to foster, facilitate, develop the discovery of parts of the world and of 
themselves that may otherwise neither be perceived or expressed. One has to be able to facilitate growth 
paths that are aimed at the gradual achievement of autonomy, at the construction of aimed knowledge 
and at the development of skills based on potentials and critical thinking for a life rich in relationships 
and suitable to achieve affective security and awareness of one’s own behaviors.
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It is in this sense that the school can be defined as a great creative representation. It is necessary to 
revise critically the contradicting, heterogeneous, differentiated, boundless multiplicity of the sources 
of knowledge. The school is culture because it produces a universe of symbolic and cultural exchanges 
within a structure which is physically present and organized, but it is, above all, a “procedural system 
capable of producing vital worlds that enable us to experience our thoughts,” as Riccardo Massa stated3. 
We need to stop and think in order to process our experience of this complex world that today demands 
for more knowledge, which is more than ever contaminated.

The Cinema as an “Exquisitely” Pedagogical Tool

Therefore to the question, “why can the film be said to be an “exquisitely” educational tool?” we will 
answer that the reasons are many, but that perhaps the most important one is that it enables us to become 
familiar with the language of images and of our emotions. When we watch a film we can be permeated by 
emotions without being overwhelmed by them and since “each emotion is confronted with a horizon of 
meaning,”, as Eugenio Borgna4 writes, we can say that the cinema helps us reflect on the complexity of 
our world. The film is a cultural text consisting of narrative units that together make up total, autonomous 
facts, which do not correspond to the objective reality of facts, but represent their simulacrum. The film 
leads the viewer to create representative realities of particular situations. It is therefore a pedagogical 
tool as it carries representative forms in which I recognize my thoughts. Thereby it responds to new 
learning needs in our society of images and information that has magnified the reference boundaries of 
the individual existence, which produces anxiety.

Anxiety that arises from the void perceived in the space existing between data and knowledge. Each 
person is full of data, images, information, but this container empties quickly because the accumulated 
information is not anchored in existing knowledge, it is not processed or because the overload produces 
amnesia or an overdose due to cognitive consumption. Receiving is, therefore, not enough if we want 
to understand; it is necessary to organize the information data we receive, namely to establish selective 
procedures to give meanings to information.

We must learn to re-learn: the strengthening of cognitive processes is focused on the presence and 
ability of self-reflective behaviours, capable of questioning established mental models.

The Role of Images to Understand Experience

Still following a path that, better than a “journey back”, I would more precisely define as a “dismantling 
path” (the procedure you follow when trying to figure out how a machine works), I will start from a few 
basic assumptions that affect the relationship with images. On second thought images have been part of 
our world since only recent times: dense woods and open countryside were masters in the Middle Ages. 
The farmer who woke up too early to say his daily prayers found his way to the fields dotted with small 
chapels containing the image of a Madonna, a San Rocco, a San Cassiano - stages and places of worship 
in front of which to end his prayers. That was all! At most, during their lifetime, farmers may have seen 
about fifty images. Today we see from 400,000 to 600,000 a day. Quite a difference! The film helps us 
make sense because it produces the reality before our eyes in a “more complete” way than reality itself. 
What does this mean? That it enables us to see what we normally do not see, i.e. the non-visible, the 
context, the off-field sequences of our experience of reality. But let’s proceed step by step.
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According to Gianni Canova (2002)5, until recently the cinema has been the “shroud” of the world, 
that is the place where our world left its tracks, its footprints. Now images are no longer the world’s 
footprints but real “live” representations that reflect on our representations, since the distance and the 
difference between symbols and what they symbolize are reduced and confused. Moving images are 
the loisir of our century.

Today we are constantly surrounded by moving images constructed according to a constant anal-
ogy with experience to the point that not only is the experience transposed into images and vice versa, 
but that moving images become the medium to gain access to and to understand experience (there is a 
reversal between the image and its representation).

“Man lives in a symbolic universe, no longer in a physical one. Man can no longer see reality in 
its face. Instead of dealing with the actual things, in a sense, man is constantly talking to himself ” for 
Ernst Cassirer (2009)6

The distance and the difference between symbols and what they are symbols of are therefore reduced 
and confused. On the contrary, while watching a film, it is possible to draw a correlation between the 
viewer who looks and the connection he/she makes. Reasoning about the distance, about the difference. 
This connection is not perceived immediately, you have to think about it. Each one of us sees his/her own 
film, not the director’s film or the actors’ film, since we put together the data in an absolutely unique 
way (and unrepeatable, because everything changes also simply after some time).

As I stated before, the proliferation of images magnifies the reference boundaries of the individual 
existence, producing anxiety, anxiety that comes from the gap between the data we have and our knowl-
edge of them: in order to understand it is not enough to receive the information, but we need to activate 
self-reflexive behaviours. And this, at school, essentially means three things: learning in groups, dealing 
with values which are shared as much as possible and managing complex communication processes.

THE CINEMA AS A TRAINING EVENT

Today, within each dimension of knowledge, a major revision is taking place, which, while overcom-
ing the models focused on some sort of generic accumulation of notions, is aimed at new goals. In all 
contemporary pedagogy great attention is placed on education to democracy, to collective thought, to 
health, citizenship, interculture and environment and, more generally, to the development of behaviors 
characterized by autonomy and critical thinking.

In this sense it is important that teachers as well as students should find tools, time and occasions to 
reflect on and question the meaning of what is taught, learned, acted, put into practice, communicated, 
in order to be better aware of the effects produced.

Today the teacher has to face questions both about the teacher’s function and about the school itself, 
dangling between imperatives essentially depending on economic policies and models that are less 
“managerial”, more collaborative and ethical. This involves a different definition of the term profes-
sionalism, and therefore the training of education professionals more or less oriented to change their 
preconceptions, and for this reason open to confrontations with other educational agencies also outside the 
school environment, more or less willing to form alliances among students, parents and other community 
members, more or less attentive to ponder about ethical aspects affecting the core values of educating.

There are, in fact, some elements to be taken into account: in teaching, more than in other profes-
sions, the relationship between knowledge and the way in which it is transmitted is closer than in other 
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professions, and these ways are, in turn, closely related to experience-based strategies rather than based 
on theoretical models or on knowledge, skills and previously acquired abilities. To summarize, it could 
be said that we are trying to understand how experience can turn into a source of theory. In fact, if we 
think about it, the whole history of pedagogy is studded with examples showing how educational practices 
have formed the basis for a theory that has opened new frontiers in the field of research.

For reflection to promote learning from experience and, therefore, lead to generative and proactive 
practices, such reflection has to be somehow recognized as useful for something, for someone. The cin-
ema - or rather working on the cinema - becomes useful precisely because it helps us recognize within 
an event its properly educational and training nature.

The Language of the Cinema

We are interested in two aspects of the cinema:

• Its language, which enables us to bring to light the invisible network that generates, sustains and 
transforms our imaginary world of the phenomenon of educating;

• The viewer’s look: rather than “how”, we are interested to know “why” a student or a teacher sees 
the film in that particular way, since each of us interprets, processes and, as a matter of fact, “sees” 
the same given images in a subjective, and therefore different, way.

The aim is to bring out the selection criteria, the important hierarchies, the criteria for the attribu-
tion of meaning that underlie the viewer’s look. The question we ask is: what directs his/her attention 
already at the level of perception?

The language (and not just the cinema language) tells us much less or much more than we would like: 
in the language of words the speaker reveals his/her ways of feeling. The language of the cinema enables 
us to make references to thoughts and therefore to think, it invites us to experience our experience. To 
think in images is not the same thing as thinking about images. It means thinking thoughts through im-
ages, i.e. to stop and think about what is there behind them, about what is not immediately visible and 
that, in fact, requires additional work in order to be brought to awareness. To think of what our eyes see 
enables us to think also of what other people see and so to ensure that, for example, an adolescent is able 
to locate his observation point and to compare it with that of his/her peers. We should be able to help 
him/her recognize it, support it, secure it so that it will not disappear among the stronger view points of 
the group (or of the pack). What directs his/her gaze? In other words, what are the codes of interpretation 
and methods of organization of meanings that underlie and support his/her behavior, his/her educational 
experience? The way I look at and choose an external experience - more or less similar to mine - is in-
extricably linked to the way I look at, choose and assess both my professional and personal experience.

Our course can be described as having as its main objective the recognition of social, cognitive 
representations, of stereotypes and spontaneous philosophies that each of us has internalized, often 
unconsciously, and that determine the way we interpret the educational action.
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The Essential Elements of the Training Course

• The setting: the film is shown to everyone together, for example the entire class, where setting is 
intended as a framework. In this way the class group is transformed into a group of viewers, and 
therefore of processors of the images they see

• The students are encouraged and enabled to find crossing paths through a search in the web for 
literary excerpts, poems, photographs, music, other images that they believe connected with their 
theme.

• Observation cards are requested to be filled in (individual work and group interviews) so that the 
students can have a say, can substantiate opinions, thoughts, comments, and can autonomously 
come into possession again - without anyone “preaching” at them – of the points of view of each 
one and of their own way of learning.

“Knowing the why” about one’s own ways of learning is crucial because not only accounts for the way 
we perform or feel education both as trainees and as trainers, but it also makes us aware of the intricate 
connection between the way we educate and the way we were educated. As educators, we should not 
claim to impose our mentality to that of the student; it is essential to create, implement an active com-
munication and understanding – capable of transformation in its pedagogical essence -, an exchange of 
experience which does not, however, mean to “put ourselves in the shoes of other people”. It is necessary 
to understand the mental and emotional structures of the other person who is different from us, of his/her 
“codes of interpretation”. Namely, not what my thoughts would be if I were in his/her place, but how I 
think he/she thinks (access to motivations, needs, vision of the world, experiences of the other person). 
Given this context, it appears that communicating means creating relationships and ties (Franza, 1988, 
1993, 1997).

The cinema is, thus, a pedagogical tool as it carries representative forms in which I recognize my 
thoughts: I may have learned to recognize my thoughts through an image and feel grateful for it, and 
this is of great cognitive value (in fact, it is possible to name the emotion, the emotion as a language and 
also the language of emotions).

Working on a film also meets an important need of the students to interpret events. We could actu-
ally define a real struggle the one that is being thus waged on the contrast with the eternal present, the 
extended and a-historical time in which the younger generations are immersed and relegated.

How is an event interpreted? On which basis, on which foundations do we make interpretations? This 
is the point on which it is important to dwell today.

Educating can, therefore, be considered either as a device, a mechanism, some technological equipment 
and an institutional framework contained within borders, whose effects we can control with precision, 
or as a place where experience takes place and wants to be interpreted in every single moment while in 
progress. School is culture, but scholastic culture is not that of the curricula; it is rather the creation of 
a universe of symbolic and cultural exchanges.
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THE “SCHOOL-CINEMA” PROJECT: HUMANISTIC CULTURE AND NEW MEDIA

The Educational Approach

The theoretical structure underlying, in particular, the choice of the pedagogical device that we are going 
to illustrate refers both to studies and research on classical pedagogy, with special reference to the issue 
of the importance of people’s needs to develop projects – intended as a typical need to learn things in 
depth – and reference also to the most recent contributions of the Clinica della Formazione.

The Clinica della Formazione (R. Massa7, A. M. Franza), is a training device designed to favor thought 
and clinical judgment about both teaching techniques and relational strategies, which play an extremely 
important role during teaching / learning activities. The Clinic of training is an important methodological 
innovation both in terms of teaching techniques and in terms of training settings. It uses and increases 
the emotional, communicative and relational dimensions of the people involved and it engages them in 
research and study work both of the individual and the group. It is thanks to Riccardo Massa and Angelo 
M. Franza’s studies and research and to the common experiments carried out over a period of about ten 
years that the clinic of training has entered the pedagogical vocabulary

Clinica della Formazione means8:

• Designing and sharing the research on the fundamental elements, the processes and devices for the 
training of individuals and groups of individuals in accordance with the organization and cogni-
tive modes typical of the clinical method: interpersonal relationship based on a shared commit-
ment to truth, which involves the observer in the relationship observed; an experience of looking 
and listening where the observer’s questioning attention to the observed person is open both to his/ 
her own experience as well as the other’s

• A mode of exploration and experimentation carried out individually and in groups that focuses on 
achieving knowledge and learning from experience and through experience

• A program that - in the form of small groups and based on the guidelines, the mandates, the pro-
cedures suggested by one or more trainers - accompanies the participants in the exploration and 
development of concrete events, presented in the form of reports or narratives in order to be able to 
take possession of them again and relocate them in contexts of reference (personal, collective, pro-
fessional and institutional) by analyzing them and reconstructing their overall meaning through 
the use of the art of interpretation.

The basic pedagogical idea of the “School-cinema” project is also characterized by a constant search 
for the relationship between different aspects of educational problems, which are briefly mentioned here 
below:

As for the pedagogical consideration of the type of medium used, which should be exciting and fun, 
reference is made to John Locke (1693)9, who argued the importance that teaching should be pleasant, 
and to Jean-Jacques Rousseau (1762)10, the forerunner of the functionalist approach to interest, but above 
all to Johann Friedrich Herbart (1809)11, who placed interest as the focal point and foundation of the 
entire training process.

The fragmentation of the film viewing experience and its symbolic “cooling down” are based on the 
pedagogical ideal of Jerome Bruner (1966)12 who, in his cognitive theory of education7, intends culture 
as an organism, conceptual technology, possession of heuristic “keys” and as skills of language training.
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The obvious connection with philosophy refers to the renewed existentialism implicit in the concepts of 
critical deconstruction, by contemporary philosophy, of any claimed foundations of stability, of doctrinal 
certainty of knowledge. A reference to pedagogical structuralism, too, which assigns an important role 
to symbolic and material latent dimensions, contributing to open the epistemology of human sciences 
to new problems and solutions.

However, the most important contribution is certainly offered by the studies of Riccardo Massa, 
who sees education as a functional, but above all planning, device, which makes possible the encounter 
between different dimensions of existence:

… With regard to training seen as an individual novel, as an event and as an educational adventure 
fundamentally marked by frequent processes of socialization and acquisition of culture, it deals with 
the vital and existential meaning of training better rooted, even more than in psychoanalysis and social 
sciences, in the great artistic, philosophical and literary productions, or in many parts of the current 
cinematic representation.13

The New Technologies in Schools: Towards a 
Culture of Images and Imagination

The simple introduction of new technologies inside and outside the school and their spreading cannot 
in itself be called an innovative fact, nor can it be associated with the improvement of didactics, or 
with the quality of our lives in general. What matters more and more is the quality of their use and not 
the intensity. This encourages - and does not limit, as it may happen if “left alone” - a different way of 
thinking and improves the quality of interactions between people. Living the dimension of images and 
of imagination in an appropriate manner allows to capitalize on the cultural heritage they carry, thus 
producing new knowledge, an essential element if we are to build good practices fundamental not only 
for knowledge, but also for acting, with a suggesting and, at the same time planning, meaning. New 
technologies have the great merit of drawing ways and worlds closer (and not just physical worlds, but 
also vital worlds), which, before their introduction, were hardly compatible. In this sense we could 
certainly welcome Montesquieu’s invitation, as reported by Tzvetan Todorov, to the creation of a “well-
calibrated Humanism”, able to implement a system of shared models, methodologies, actions capable 
of enhancing and processing our time: “Personal life, social and cultural life and moral life should nei-
ther be suppressed nor replace one another; the human being is manifold and unifying it would be like 
mutilating it” (Todorov, 1991)14.

This recollection to humanistic culture is not certainly meant to propose again methods and models that 
were applied in very different contexts from the point of view both of contents and of useful knowledge 
in a distant past, but to develop tools and methods capable, inside the intricacy that characterizes new 
contexts, to implement complex “narrative identities”, to identify and enhance the creative and design 
abilities of each person, without which technological tools would loose their value as crucial function 
when facing the challenges of our times. A critical mind is needed in order to live serenely the experi-
ence of the phenomena that the spreading of images and of the virtual world inevitably implies. Within 
this context, the school has the opportunity to play a role in the creation of a new culture of images and 
of imagination in an intermedial sense, i.e. where virtual and real aspects interact, so that the relation-
ship with technology may be taken into the consideration it deserves and its most reductive, when not 
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disfunctional, use should be overcome. In practice, the relationship with the new media has an impact 
that deeply affects how we interpret interpersonal relationships and the very meaning of educating.

For the Use of the Educational Potential of ICT

In the National Plan for Digital School (PNSD), fundamental pillar of The Good School (Law 107/2015), 
clear reference is made to digital education in the school that relies not only on the technological di-
mension, but also, and above all, on the epistemological and cultural dimensions of the new media, a 
central point in the development of younger generations (Buckingham, 2003, It. tr. 2006; Rivoltella, 
2006a, 2006b; Willet, 2009; Livingstone, 2011; Premazzi, 2010). Many studies have made possible to 
interpret the new technologies in the educational field as resources to improve students’ ability to better 
understand themselves and the world around them (McLoughlin, Lee, 2008; Macedo, Steinberg, 2007; 
Maragliano, 2000, 2004; Rivoltella, 2003, 2006; Ardizzone, Rivoltella, 2008; Mantovani, Ferri, 2008; 
Drusian, Riva, 2010). In this scenario, the entry of new technologies into the school can be an asset not 
only from a technical point of view, but also from a methodological one and for the awareness of the 
new way of thinking (and not just the educational fact) that they convey, thus contributing to the con-
struction of new identities, placed within the relationship between image and representation, between 
narrative and new cultural and social models (Mottana, 2002; Dallari, 2008). In this sense technology 
can function as a “professional organizer” (Rivoltella, 2014) useful to raise fundamental questions about 
the professional role of teachers and capable to create a useful environment to convey contents, tools and 
techniques to one’s pupils effectively and not to become, as it is happening now, a reason for creating 
distances, or even erecting real barriers between teachers and students. The generation gap is now an 
established fact - although many teachers don’t always recognize it as a problem – and it is present not 
only between teacher and students, but also among the teachers themselves, when a significant differ-
ence in age occurs, and among learners, too, as argued by Mark Prensky (2001). The gap is especially 
evident from the cultural point of view, in cognitive models and socio-cultural variables (Rivoltella, 
2012 b), even when it does not materialize in the problem of the digital divide between “natives” and 
“immigrants”. The issue is to promote digital wisdom (Prensky, 2009). Martha Nussbaum (2010) insists 
on the concept of the recovery of thinking and imagination skills that make us human beings and states 
that this educational commitment closely concerns the web, too: it is important to make young people 
aware and capable of contextualizing the space-time relationship within an extended space. Such step 
requires work on the self, the growing of an inner “confabulation” and therefore the transition from 
extimacy practices to intimacy practices, where also the emotional world may be seen as an important 
component (Siegel, 1999). This takes us to a series of considerations concerning not only the nature of 
the entry of technologies in the school, but also in the work and vital experiences of each person.

Today, when speaking of “Digital Humanism” (Dominici, 2014), it is certainly not in order to rein-
troduce educational methods, styles and contents of the past, or to mortify or undo what can actually be 
called educational contents and educational knowledge gained outside it. It is, in fact, in order to open 
multimedia windows possessing the characteristics both of complex narrative forms, useful to develop 
well-connected “narrative identities”, and of the powers of creativity and planning, i.e. a window of 
skills without which technological tools can be of little help to face the cognitive and application chal-
lenges of our times in an intelligent way. The urgent need for the development of critical thinking should 
not be neglected; a “new forma mentis” (a new mindset) to understand the teaching-learning process 
“(Rivoltella, 2006a).15
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FROM PROJECT TO ITS REALIZATION: THE STRUCTURE OF THE PROJECT

School-cinema is a training methodology inspired by the Clinica della Formazione and focused on spe-
cial work on images taken from the cinema – intended as a language of symbols and privileged place of 
learning – and on the use of new technologies as tools for processing images and the imaginary world 
at school. The device allows and encourages common considerations and reflections starting from the 
identification of the educational opportunities of the cinema and of the ones offered by the device. Given 
the role that the imaginary and the virtual world plays inside and outside the school in the construction 
of a “fragmented” knowledge, it was decided to work right on it to uncover its implications, opportuni-
ties as well as its risks. The hypothesis is that a fragment of a film or a video can be associated with the 
fragmentation of the contemporary world, where events no longer appear to be characterized by linear 
consistency or natural rhythms, but by systemic relations and a different concept of time and that such 
fragmented reality should be pieced back together starting right from its fragments.

Some films and novels lend themselves particularly well to a “disassembly” task of the original piece 
in order to build a new work focused on educational issues. Using the new media, some films and videos 
have been disassembled and then reassembled with the goal to work out analysis and synthesis in an 
almost simultaneous manner. The analysis is meant to identify those parts of the work from which new 
sequences and paths, different from the original work, can be created by the participants in order to face 
complex issues, which are relevant to them, in an innovative way. In practice, this means to transform 
the work group into a group of developers of images, by showing film materials selected in relation to 
the issues to be studied or addressed. This film product is “broken” into meaningful sequences which 
are then reassembled to become a completely new and original video. In it the assembled fragments 
and quotations – i.e. images condensed into concepts – will be captured and analyzed for their evocative 
meaning, beyond the narrative of the original plot, thus allowing to grasp their meaningful depth. The 
issues at stake go from a level of verbal sharing to a deeper level, both emotional and intuitive, which 
necessarily comes into play when we watch a film, but also and above all when we have to work on its 
images to make a new film, the result of further processing. Emotiveness, images from memory and 
dreams all cooperate in the choice and selection of the images, in their composition and understanding.

In particular, the choice of using the technique of disassembling and assembling the images is 
relative to the type of the cognitive mode typical of our contemporary world, where systematic linear 
thinking is being replaced by the analogical thinking in the web. Awareness of one’s desires (looking 
inside oneself), opportunities to express them and to encounter with the others (look outside oneself), 
are sequences interweaved in a virtual exchange of perspectives, close-ups and backdrops in the light 
of a different mode of reflection.

Once disassembled, the sequences are analyzed and then reassembled in a work group in which the 
participants are engaged in the construction of a shared logic. This makes it possible to collect data 
about the representations, i.e. the subcultures, and the role representations. At the same time, it allows 
to see and/or to experience a given situation, even when critical, to understand which elements should be 
taken into account in order to bring about changes, to give ideas on potential growth factors of people, 
stimulating their imagination and creativity so as to encourage the development of skills which enable 
to re-process one’s own reality in an active and conscious way. Knowing the origin of a sequence, its 
culture, which process of symbolism is used allows to reunify the dichotomy between reality and imagi-
nation through the feedback of the reassembly following slow, in-depth and shared reading of the mode 
of interpreting events.
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In general, the project is addressed both to teachers and students, with different goals and objectives, 
but it is overall aimed at promoting dialogue within the school context and sharing within the various 
disciplinary perspectives, helping to improve transversal skills, which are often considered marginal where 
teaching is still more oriented towards contents than skills. The teachers found of great interest the focus 
on networking and use of educational technologies, so as to facilitate a move towards more and more 
pervasive social innovation, and also on the concept of meaningful learning as “active” (Spinelli, 2009) 
and on the fact of being called “to experience” on themselves, i.e. firsthand, the feeling of sharing and 
of meaningful learning through the use of electronic devices. This would later result in the application 
of the methodology in the classroom during the daily educational activity.

The Film as the Result of Group Work

“School-cinema” allows to study a “creative grammar” which is not the same as a communicative 
grammar, although they are close to each other. Like a detective story, the cinema has its own language, 
made of rules, cages, boundaries, codes. Only within these boundaries a creative gesture can be born, 
a meaning can be grasped and transmitted. To make a film it is necessary to set in motion a true (just 
because conventional) self-narration, the one that becomes physical/cinematographic action and finds 
its natural expression in the scene narrated by other spaces and other times, at a different rhythm. Shared 
symbolization becomes matter for new and closer symbolizations, which come nearer and nearer to the 
stories experienced by the participants in reality, in which the symbolic, but not its “explanation” or 
flattening, grows.

Also the act of educating cannot be considered related to the learning of rules and/or notions simply 
juxtaposed to each other, neatly selected and appropriately reorganized, as it is essentially constructed 
inside a communicative and relational practice of the experience between people, space, time in an 
environment that has all the characteristics of a complex, dynamic system, rich in differences. The edu-
cational rationality has a form, but this is not given once and for all, it is not given for granted. Likewise 
the film produced by the group, the result of team work, regardless of its quality, is in a relationship 
and refers to elements related to the experience of the people involved, experience intended in almost 
absolute and radical sense, not reduced to a single, definitive meaning: when a person tries to solve the 
problem, it turns out the game fails. Working on a film is like investigating in the bowels of our historic 
feeling. To make a film together is, in fact, a way to create a dialogue among film images that have their 
own history and their own reference context, that become a source of inspiration for the construction of 
other films, which can greatly and deeply differ from the original one and become the individual and 
collective expression of identities, that is by telling a new story open to new shared meanings, offering 
a way to awaken memory.

Even teachers become involved in a series of group activities where participants produce a number 
of film scripts that refer simultaneously to the filmic representation, analyzed from the historical or 
cultural point of view, and to professional experience, later translated into short movies. This makes it 
possible to combine different educational objectives, i.e. those relating to the ability to build a team, 
those strictly didactic and the communicative ones, at the same time keeping in mind the number of dif-
ferent recipients and thus their specificities, which will guide the selection of films and narrative texts 
to work on. Other applications include the development of communication programs with families or 
the construction of tools to evaluate competence and transversal skills.
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Educational Objectives of the Path

• Experimental introduction of a new and different teaching methodology - integrating the tradi-
tional methodology - able to provide for and organize a direct involvement of the students within 
the class or the interclass group, associated to their interests and leading to the promotion of the 
expression of the self.

• Attempt to leave the traditional pattern of the lesson by means of a process that stimulates curi-
osity and interest through the involvement of the students in a concrete initiative aiming at the 
creation/production of an “artistic”, or anyhow original, result.

• Teaching to decentralize the impulsiveness of the students, especially in difficult situations from 
the emotional point of view, through the construction of a cinematographic product that can 
“guide” the plot of the narrated stories to learn how to move around in their space and time and 
thus increase the feeling of effectiveness and self-esteem

Didactic Organization and Stages of the Training Program

The course had a total duration of 68 hours over a period of about six months of the school year 2008-
2009. It involved 48 teachers and 50 students from five schools including Primary schools and Secondary 
Junior school (see Table 1).

The didactic organization provided for spreading of the work over two different modules, repeated by 
two groups of teachers and in two classes of students. Each module consisted of 6 meetings, each lasting 
on average three hours. The schedule of the meetings included a first stage of presentation and training 
on reading the cinematic language and on technical programs for film editing, a second stage in which 
both groups watched two films together and were then invited to make a first selection of sequences 
and express their first reflections, a third stage consisting of working in subgroups preparing the actual 
editing of the film product with the help of an expert16. A first meeting with the students’ parents was 
planned to foster dialogue and sharing with the families and to favor a climate of good cooperation. A 
subsequent plenary meeting was held at the end of the course with all the students, teachers and parents 
at the screening of the materials produced and as an opportunity to exchange the considerations emerged 
during the process.

Let’s now explain in detail how the training course was developed focusing on some of the critical 
issues that affected both the stage of the course addressed to the teachers and the one addressed to the 
students of the classes involved in the process.

Table 1.

Primary Schools Secondary Junior School

Number of teachers 25 23

Number of students 25 25

Duration 34 hours 34 hours
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School-Cinema: “The Teacher and the Pupil”

Objectives for Teachers

• The relationship between technology, learning and teacher training
• How to foster good communication within the school system through the use of technologies
• The school as a place useful to process the impact of the world of technology experienced by 

young students inside and outside the school

During the course the teachers were elicited to review both the teaching practices distinctive of each 
one’s professionalism and the precomprehensions, pedagogical ideas, training methods to which they 
had been exposed. All these elements have a deep, but often undetected, effect on daily practice.

Afterwards it was a question of learning how to use new environments of learning through the re-
alization of a product resulting from a combination of analysis/comments/ documentation - such as a 
photographic path or a path involving drawing, filming, processing printed materials, interpretation of 
music (original or existing) – working from film materials and inserting images, photos, videos, music 
taken from Web sites.

The training system was reshaped and revised on the basis of the needs expressed by the trainees. An 
interesting feature to be noted relative to the changes made by almost all the sub-groups when it came 
to translate the material described in the script into a film is the following: the expected sequence, its 
editing and music were changed “on the field “, i.e. the changes were made on the basis of the result 
achieved while work was in progress. The association with the term “improvisation”, in this case, appears 
to be pertaining, in a strictly and exquisitely pedagogical sense. On this occasion the teachers were able 
to rediscover the same relationship between creation and implementation of ideas, i.e. to investigate the 
same differential ratio existing between continuity and discontinuity, form and backdrop, while working 
on multiple levels simultaneously: that of previously shared meanings, those that emerged while assem-
bling the film, the abstract level of notions, the graphic one of forms and the narrative level of language. 
They lived the experience of “seeing” that is also “thinking”. In this tangle of visual and conceptual 
aspects there is a tangle of thought and imagination and it is “here [that] many of our concepts intersect” 
(Wittgenstein, 1967, Ricerche filosofiche, p. 278).

Given the great number of teachers two work groups were formed, each focused on the objective to 
think about the theme “The teacher and the pupil”, i.e. on the asymmetry that makes up each educational 
relationship.

An Example of the First Stage of the Course for Teachers

Table 2 outlines the most significant moments.

Main Activities

• Film Screening
• Filling in the questionnaire
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• Group work on:
 ◦ Processes of interpretation-translation of film events and film narratives
 ◦ Overall representations based on the cultural meanings under study
 ◦ Images, analogies and metaphors expressed
 ◦ Attributions, inferences and theoretical models of reference
 ◦ Investigation into the affective sphere - fantasies, emotions, desires, feelings
 ◦ Dynamics of transference and identification

• Selection and reassembly of the significant sequences
• Production of a new film product:

 ◦ Production of new narratives with new meanings from the fragmentation of the sequences 
and their reassembly

• Plenary presentation of group works:
 ◦ Emergence of meanings and creation of concepts useful to the management of one’s indi-

vidual and professional development Presentation of the group works
• Feed-back and comments
• Concluding remarks

School-Cinema: “Playing with the Film”

Objectives for the Students

• Development of the ability/possibility to substantiate impressions and judgments through stories, 
reasoning and discussions, too

• To experience the change from “class group” to “audience group” and then of developers, a situ-
ation in which the “usual dynamics” may give way to new chances of encounter

• To experience a different way of using new technologies, a better targeted and more responsible 
use that favors the development of a critical thinking and autonomy.

Table 2. 

Working stages Main contents Key steps Materials / tools

Stage 1
First meeting

Presentation of the course and 
methodology 
Presentation of the films

The theme (the relationship between technology 
and learning) and the purpose (development of 
communication skills and group skills inside the 
school between teachers and learners) is shared

Film material

Second meeting 1. Lecture on film language 
Main contents: 
Communication through images: 
Training in disassembly and assembly 
of representations 
Perspective and polyphony in narrative 
analysis 
2. Screening of a film 
3. Training on the use of the editing 
program

The film material (a film or single sequences) 
presented gives a general view of the different 
approaches to the topic in question and it fits the 
characteristic of the viewers. 
The questionnaire is filled in and the film 
material is discussed

Film material 
Observation cards 
PC with audio 
and video editing 
programs
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The second module was attended by students from two classes of a Secondary Junior School and focused 
on the objective of having the students work on their relationship with the school and with the term 
“education” in general, so that opinions, difficulties, problems that interested or troubled them could 
emerge, and, at the same time, they could experience a different way of working in groups, sharing solu-
tions and suggestions among themselves and with the teachers, too.

First we showed the narrative material, made up of film clips, then we invited the class to engage 
individually in answering the questionnaire about the sequences “first hand”, i.e. immediately after the 
screening. After that the students were divided into work groups, they shared the individual work they 
had done, and wrote the script sharing as much information as possible. Some instructions on editing 
techniques and some work with a technical expert made it possible for each small group to create the 
film product desired by assembling the sequences selected.

An Example of the First Stage of the Course for Students

The following are the main activities for each work stage (Table 3).

Table 3. The following are the main activities for each work stage

Working 
stages

Main contents Key steps Materials/ tools

Stage 1
First 
meeting

Presentation of the course: 
“Playing with the film” 
Lesson on the cinematic 
language 
Screening of a film 
Training on the use of the 
editing program

The lesson focused on the game aspects of the work on film 
images: “Today we will play at being “detective spectators”. We 
will act as if the film were a story, a painting, a photograph: what 
does it say? What is there? What happens?” 
Film material constructed by assembling film sequences 
particularly meaningful and of different emotional tone, chosen 
in relation to the various issues pertaining to the relationship of 
the students with the school experience as a whole

Film material 
PC 
with an editing program

Second 
meeting

Filling in of the 
questionnaire and 
comments on the film are 
made

Individual “reading” of the sequences to help the students find 
tracks carrying shared meaning (“what story are we telling?) and 
learn to find their bearings both when reading / listening and 
when processing the experience perceived and lived, which is 
then expresses

Observation cards 
Tablet 
PC with programs of 
audio and video editing 
program of processing 
image graphics 
Web to search for images, 
texts and music

Main Activities: 
Group work 
• Filling in the questionnaire and writing the script 
• Selection and editing of significant sequences and sharing the “reading” 
• Production of a new film

• Reassembly of the selected sequences to make a “new story”, with its own thread, or to make a succession of sequences that well 
represent moods, thoughts, attitudes, and opinions expressed both after watching the film and during the selection of the images to 
achieve a new film product, which is the result of the group work

• Presentation of the works to teachers and parents in a plenary session: each group presents its film and tells the genesis, answers 
questions and any possible “criticism”.



99

“School-Cinema”


The Meeting to Present the Course to the Students’ Parents

To promote a good dialogue with the students’ parents, it was decided to organize a meeting to present 
the course. In it we tried to expand the issue to a broader context of educational approaches focused on 
the activation of thoughtful behaviors that could be understood and shared in the family. The parents 
were fully informed on the exploratory objectives and on the use of narratives (in our case both in writing 
and through pictures), that is materials, texts from which to obtain representations, emotions, implicit 
and explicit judgments. This open attempt by the school to seek a dialogue and sharing with the families 
resulted in the creation of a good climate of cooperation, which meant that the students, supported by 
their parents, could face this new way of working in the classroom with images - and on images - in an 
entertaining and light way as well as enjoying it.

In addition, the meeting was followed by a brief lecture on the topic of adolescence, focused on his-
torical, social and psychological aspects, in order to place the present situation in a broader context of 
problems related to contemporary issues (fragmentation, new questions, youth culture, the spreading of 
risk acceptability). The lecture was then followed by a discussion on the consequences of the phenomenon 
of reversibility of choices in the younger generations with the associated risk of changing a disvalue into 
a value (bullying). All topics were useful to stimulate in the parents a critical and conscious approach 
to the objectives that prompted this project as a whole.

CONCLUSION

During the entire course both teachers and students were allowed to express themselves and bring out the 
problems they felt. It was, therefore, an exploratory operation carried out both by the individual person 
and the group and group/class that favored the development of a reflexive dimension, recognized as a 
decisive factor.

The teachers involved were elicited to value practical knowledge and to modify their teaching method, 
trying to engage the students more, also through the subsequent reproducibility of the methodology in 
the classroom – after having experimented it on themselves – by applying it to different issues and allow-
ing the students to play the role of main characters by including audio and video materials and images 
in the educational activity. It is interesting to underline the focus on the teaching action and on how it 
changes through technology also from the point of view of the setting. The construction of the products, 
as the result of the program of sharing in the groups, has been regarded by the teachers as vital from a 
meta-reflexive point of view, since it has favored the sharing of knowledge and the recognition of the 
importance of the reflexive dimension and group research.

As for the students, a general focus emerged on the pleasure of expressing themselves and also on the 
pleasure of acquiring the skill to communicate through images in groups, in the class-group and among 
the various groups in the classroom.

Construction activities where the group could better express itself were favored, so that the good 
and the beautiful could emerge, which otherwise would not have had a voice. This helped the students 
to acquire new tools useful for learning how to work together. In addition, it was also a question of 
discovering new ways to use electronic tools, so that to learn how to analyze the contents of commu-
nication and, through activities of sharing meanings, promote dialogue and exchange, as a resource 
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for interdisciplinary discussion aimed at developing transversal skills, citizenship and, later on, skills 
specific to a discipline, which converge in and participate to the development of the first skills, through 
the development of Learning Units.

By constructing a product - recognized as construction of a message - it was possible to note down 
“what it says to the young, what it says to parents and what it says to teachers”.

In addition to sharing the opening of the work on the objectives and goals and to the presentation of 
the products taking place at the end of the program, the parents were expected to express comments on 
what the students had done.

At the end of the program we were able to understand together and to share the overall aim of the 
course, which is to give every student the opportunity to express opinions, ideas, emotions, criticism, 
questions and, at the same time, to identify where one’s own “observing summit” lies, i.e. one’s own 
point of view on how each student sees the school, one’s own condition as student and one’s own role 
as student.

A common general theme has then been identified not only in the final film product but also in the 
class-group in which every student has had the chance to express one’s own particularity and one’s own 
difference.

We hope that the material presented in this chapter and the examples given will be useful both in 
terms of methodological approach as in terms of possible developments of new models and new practices 
using the new media to enhance the educational potential and where the cinema becomes a pedagogical 
tool as bearer of representative forms in which experiences, events and feelings acquire an important 
cognitive value.
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KEY TERMS AND DEFINITIONS

“Clinica Della Formazione”: It is both an approach to qualitative and empirical research as well 
as a training device that aims at an in-depth investigation of education and training in their more or less 
obvious manifestations.

Method: There are two meanings to this term: one refers to pre-defined modes of action, which are 
specific and coded, while the other includes the strategies of communication, organization and relation-
ship that teachers implement when teaching.

Intermedial: The term comes from Fluxus, the neo-Dada movement, and it indicates the ability to 
produce texts that reconcile sensory experiences and conceptuality, through the application of technol-
ogy to classical languages.

Interpretation: It refers both to the possible differences in the meaning and significance that can be 
assigned to an image, and to the various modes in which a thought, an idea, an experience are expressed 
through it.

Fragmentation: The hypothesis on which we have worked is that a fragment of a film can be associ-
ated with the fragmentation of the contemporary world - where events no longer seem to be characterized 
by linear consequentiality or natural rhythms, but by systemic relations and a different conception of time 
- and that the reality thus fragmented can be pieced right back together starting from its fragmentation.

Disassembling and Assembling: Starting from a film in its entireness and integrity only some se-
quences are taken out. They are later assembled together in a sequence different from the original film, 
thus modifying the connection image-meaning.
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Observing Summit: It means the point of view from which each of us starts to interpret events. 
In the case of adolescents it is important to ensure that they are able to identify, define precisely and 
differentiate their observation summit in order not to confuse it with that of the group, especially when 
bullying occurs.
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APPENDIX: SOME POSSIBLE APPLICATIONS IN OTHER 
EDUCATIONAL AND TRAINING FIELDS

This concise report intends to describe some models of applications of the methodology “School-cinema” 
that may interest other educational and training areas both as a suggestion and at the same time as an in-
novative tool and research experience. It consists in the construction of models of application according 
to different targets, where each relates to different training whose key elements are illustrated.

1. Training-Cinema-Work to Improve the Communicative Exchange 
Between Vocational Training, Universities and the World of Work

The goal of the project is to find meeting points between the needs of the labor market, the vocational 
training and the university system, promoting links and integration between these different worlds.

Today, the new trend in training, educational, school and vocational programs is to privilege different 
forms of integration between typical training/educational moments and work moments, in the attempt 
to improve communication between different worlds, to identify and know the most typical rationale of 
the corporate world, on the one hand, and the ways of thinking of young students, on the other.

1.1 Main Objectives

• To encourage the exchange of information and materials between vocational training, universities 
and companies engaged in the common research for techniques to develop new and more produc-
tive forms of integration between different realities

• To guide reflections on the relationship between the knowledge provided in education, practical 
activities, the experiences related to them and the opportunities to develop skills appropriate to the 
requirements of the world of production

• To raise awareness to the issue of the alternation school-work in a proactive and constructive way
• To establish an observatory to monitor and act on the chance of the relationship between compa-

nies and the world of the school
• To favor an analysis of the universe of representations that young people participating in training 

programs (vocational or university) have of the world of work, which is of great importance to en-
able them to develop an objective vision of codes, languages and purposes typical of the corporate 
world.

• To use the language of films, whose images and sequences, once taken apart and reassembled, 
lend themselves well to the reconstruction of new and original meanings through the creation of 
films produced in work groups. These films can be tools that help identify the different readings 
and deformations of the ways of understanding reality in the work place, also and above all from 
the emotional point of view.
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1.2 Main Working Stages

a. Representation of the World of Work (Represented Size)

• Detection of needs/presentation of the course
• Supplying conceptual tools/theoretical assumptions on film language
• Watching the films related to the theme of the world of work
• Construction of the script on the basis of experience related to the films and in particular to the 

various representations related to the sequences
• Disassembling the sequences and reassembling them to produce a collective film

b. Communication With the World of Work (Social Dimension)

• The sharing of different points of view and the confrontation with the reality of the workplace are 
achieved through the participation of the young students to moments of communicative exchange 
in companies, so that they can compare the two representative universes

• The film product is submitted to companies and becomes a moment for sharing opinions on the 
issue, but also a tool that makes it possible to learn about basic needs, obstacles and opposition 
experienced by both parties, not least as a function of the internships that the young students will 
do in the company

c. The Reality of the World of Work (Real Dimension)

• Meeting with the company to present the film and redevelop the contents and ideas suggested
• Proposal for the introduction and planning of future internships
• Experience of the company reality through an internship period of one month in which to check 

the consistency with reality of what worked out together as a group. The duration of the internship 
can vary depending on the type of training project involved.

2. Cinema and Universities to Improve the Quality of 
Communication Between Teachers and Students

2.1 Main Objectives

• To provide innovative tools useful to university teachers to design courses and to create teaching 
resource materials capable to communicate, even with a large number of students, in an effective 
way

• To use the cinema as a tool to process experiences and representative forms and use them as a ba-
sis for the reconstruction of new sense and meanings of the social, political contemporary reality 
in its historical development, through the creative use of imagination

• To help young students identify new modes of learning to build autonomous paths of meaning 
capable to give cognitive value to each learning experience
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• To study and codify the transversal skills developed through group works
• To increase interactive communication between teachers and students

2.2 Main Working Stages

a. Film Construction

An in-depth seminar for a group of students on issues of collective interest, in relation to the issues dealt 
by the teacher in the classroom and agreed on together. It is a way of learning complex concepts and of 
developing the themes under study in an original way

b. Using of the Film in the Classroom as Teaching Resource Material

The product will prove to be a useful tool for university teachers to design courses and create teaching 
resource materials suitable to communicate effectively also with large groups of students as it allows to 
convey even very complex contents

3. Cinema and Literature to Improve Motivation in the Experience of Reading

This project envisages the combined use of literary texts and films: the suggested methodology should 
make it easier for the students to live the parts and make their own characters and productions starting 
from the selected narratives, so that to create other narrative worlds, i.e. transformations that change 
the narrated story.

3.1 Main Objectives

• To use the language of the cinema as a password to reading
• To support motivation to reading, curiosity to know, and the use of books as instruments of knowl-

edge but also as an experience of pleasure, passion, suffering, dream and desire
• To introduce reading in a set of training activities of clinical approach characterized by close refer-

ence to concrete and individual realities
• To give voice to young students’ representations and experiences through the dialogue between 

the film world and the world of books, in order to give them back their story
• To recognize, through the cinema, the importance of reading as a social practice
• To experience reading as a way of activating the search for affinities between the unconscious 

world of representations and the physical reality, which is present in time and space.

3.2 Main Working Stages

a.  Disassembly of the book into episodes, images, words. Subsequently they are reassembled and 
linked to film sequences to create a new narrative sequence, essentially made up of literary pas-
sages and film images, open to contributions of different and heterogeneous nature (video music, 
multimedia images, photographic or audio-visual material)

b.  Analysis of the narrative (point of view and polyphony in the analysis of the narrative, inter-text 
and inter-dialogue in the novel and in the poem)
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c.  Watching films that deal with the selected issue
d.  Selection among the titles suggested by publishing houses of the books to work on, followed by 

the reading
e.  Filling in observation cards relative to narratives, representations, experiences of the films and of 

the book
f.  Group work and decision-making process to identify the important parts of the film and book to 

weave together and on which to create the film/narrative product and to identify excerpts from the 
texts to be inserted in the cinematic sequences

g.  Disassembling and reassembling the sequences on the basis of the script, fixing the narrative film 
and sequences in a new plot

4. Components of the Network

• Secondary school teachers, university professors and their students
• Team of tutors and experts in film, education and training
• Team for technical support to training and communication system
• External agencies
• Companies

5. Recipients

The first beneficiaries of the project are the following:

• Students and teachers of secondary schools and universities

The end beneficiaries of the project results are:

• Companies that deal in advertising/communication fields
• Publishing houses sensitive to the problem of the decrease of heavy readers in the school 

environment
• Companies that, for various and different reasons, are interested in a deeper analysis of the char-

acteristics of youth culture

6. Results Expected

The expected results are as follows:

• Production of film and narrative items to be used both as a tool for an exchange of communication 
with training agencies and also as a product of the company involved

• Realization of cinematographic products useful for teachers as resource support for lectures
• Building a network of companies, schools, universities and training agencies.
• Drafting of educational projects and job placement projects
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• Identification of training programs closely linked to business realities, which become the first 
promoters of professionalism

• Consolidation of the link between people’s needs and companies’ needs
• Creating film archives containing all the productions realized, to be shared and spread, and ap-

plicable to different educational and training contexts
• Exchange of information on the project with multiplier effect both on the transferability of the 

methodological and communicative modes as a model of cooperation and on its educational and 
pedagogical relevance

7. Evaluation and Circulation

Implementation of a plan to monitor and evaluate the project progress is envisaged as follows:

• Monitoring of the communication between companies and the school and between teachers and 
students in universities. Through different analysis techniques, elements of evaluation will be sup-
plied relative to the different aspects of the interaction between the various components

• Evaluation of the quality of the processes and learning products in progress, with special reference 
to the planning stages

• Monitoring of the communication will be carried out by an experienced researcher in training
• Evaluation of the educational projects will be supervised by an expert in the methodology of 

pedagogical research
• Evaluation of the film products will be supervised by a film expert
• All the documents and the materials produced will be made available to manufacturing compa-

nies, schools and universities
• Each institution will be able to make public the work carried out through the implementation of 

educational events
• Meetings will be arranged to circulate the project in collaboration with institutions, associations, 

local agencies, schools and universities
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ABSTRACT

The present chapter introduces a new existential philosophy of how computers, systems and machines 
operate within society, and in terms of the provision, furtherance and/or obstruction of human rights/
freedoms and open life-potential(s). We explore the relationship(s) between the design of artificial systems 
and the existence/form/implementation of democracy; and from the key perspective(s) of individual and 
collective freedom-of-thought/action. A basic premise is that humans are increasingly disadvantaged 
as a result of, or slaves to: unfettered automation, objectivity, abstraction and fragmentary thinking; as 
promulgated/aided by computers/systems/machines. We explain how related processes create conflict/
opposition/barriers to/with natural and harmonious socialization activities/processes; and hence strongly 
influence our collective destiny.

INTRODUCTION

Background

The nature of human-machine relationship(s) is a central issue in human affairs; and related problems 
have been debated for hundreds of years. In a great variety of books and papers etc; numerous experts 
have noted the apparent (and often real) opposition between life and artificial systems. On a phenom-
enological level, humans and machines are very different. Machines are patently not conscious, do not 
possess free-will, represent unfettered abstraction (often), manifest universal and objective viewpoint(s), 
deal with isolated micro-worlds as opposed to the fully integrated embodied human ‘big’ world, and 
operate ‘everything else being equal’. But things are never equal, because the happenings of life are 
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Systems, and Machines:
A Battle for Freedom, Equality, 
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too rich, varied, and chance-ridden; hence universally saturated with desires, wishes, joy and pain, plus 
first-person-viewpoints etc.

Accordingly, in this chapter we uphold/defend the humanistic viewpoint. Needed is careful planning, 
to ensure that humans be the masters—not of each other—but of our machine slaves, and it must not 
turn out to be the other way around! We postulate a technological society so arranged as to benefit all; 
and name such a society the Technopia. Introduced are the Theories of Natural and Machine-Implanted 
Thoughts, founded on standard human rights; which may be implemented in a Techno-rights format to 
combat rampant mechanization of human life; and provide for the free, open and frictionless sharing of 
thoughts, ideas, and most importantly, votes.

Terms Introduced: Technopia, Techno-rights, Atomic Network, Theories of Natural and Machine-
Implanted Thoughts

As we become ever more involved with, and dependent upon, computers; it may be that our essen-
tial nature is being shaped and/or changed as a result. It is prescient therefore to study the nature of an 
emergent phenomenon; the self as computer (merging of self with computer), and in terms of a deeper, 
broader and more comprehensive inquiry.

Ergo we can learn: who we were, who we are and who we may become.
This chapter concerns the nature of mankind’s relationship(s) to/with machines. Probable is that our 

survival and ultimate destiny as a species, depends on the development of appropriate technologies (and 
especially computers). Thus careful planning is essential when it comes to our technological future. To 
get the ball rolling, we formulate a strategy for an ideal human-computer relationship, and postulate 
a society so arranged as to benefit all; and we call such a society the technopia. A key feature of the 
technopia is the establishment of natural human rights (techno-rights) with respect to a technological 
society; combined with appropriate and human-centric information usage; and so to ensure that machines 
interact harmoniously with humanity (Wiener, 1950)

Wiener urged us to ask the right questions with respect to machines, and this chapter is an attempt 
to do the same. Our approach is to find human-centric solutions for the problems of an increasingly 
computer-centric future. But the future is at the same time marvelous and dreadful, known and unknown. 
The issues are complex because technological issues are intermingled with social, economic, and en-
vironmental ones etc. Yet the stakes are so high, that it is beholden on each writer to make his position 
known. Paramount, in my view, are three (new) human rights:

• Ownership of one’s own thoughts
• Atomic organization of, and free access to, all knowledge
• Open (atomic) publication of ideas/votes

Thought ownership is key, and to ensure that the thinker is rewarded for useful contributions, and not 
punished or disadvantaged in any way. Knowledge should also be free and open, accessible and flowing 
everywhere and anywhere without limitation. Unfortunately, current systems often fail to provide for 
the frictionless creation, publication and use of ideas. Desired are new systems which transcend current 
computers with respect to the free and open exchange of thoughts, opinions and votes.

Questions are easy to spot for today’s systems. For example; are the amalgamated ideas of humanity 
not the shared heritage of every new born child? Where is the world-library and/or universal knowledge 
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repository? Why can’t we all vote on issues of collective concern? Who builds today’s systems, and in 
what sense(s) are they useful and democratic?

Do we have equality of access to ideas—or honest self-expression? If some humans are spied upon, 
but others are not, then by definition we do not have equality of expression. Are some humans more 
equal than others? Do we have (in any sense) sufficient access to the deep and parallel structure(s) of 
all human knowledge? Is technology evolving by itself, and according to an anti-humanistic agenda? 
Do certain dark agendas shape computer system design/usage.

Overall, are we allowing: the wishes of the few to outweigh the needs/wishes/rights of the many?
Finding the answers is challenging. Certain experts proclaim the existence of technological barriers 

as justification for why humanistic systems cannot ever be built. Others site economic and/or security 
barriers. Problems do exist, but we must not use the same as an excuse to block the path to authentic and 
people-centric technologies. Despite optimism, we live in dark times. Increasingly there is a movement 
towards centralization of computing resources. Authorities attempt to justify why we cannot ever be 
allowed to share ideas plus votes openly and/or privately. Are we to accept these self- appointed parties 
as god-like beings; who judge, rule and punish the rest of us on a whim?

Like Beyonce, we ask: ‘who run(s) the world?’ We might not the like the answer(s), or what it says 
about human freedom(s) in the year 2015. Conversely, we postulate a new type of atomic network that 
provides for an open sharing of ideas. A special class of self-centric data is envisaged, comprising mas-
sively distributed data ‘atoms’ which offer boundless mechanisms for the preservation, retrieval and 
sharing of content –ideas (Nelson, 1974; Orwell, 1949; Radley, 2015; Veltman, 2014). George Orwell 
said: ‘if you want a picture of the future, imagine a boot stamping on a human face—forever’ (Orwell, 
1949). Orwell’s nightmarish world is one of newspeak, thought-crimes, memory holes, double-think, 
and of clouded perception; whereby thoughts are constantly observed, twisted, negated and used to 
eliminate free-will. Foucault likewise predicated super-panopticon surveillance machines that may be 
used to curtail human freedoms (Foucault, 1975). Hopefully we can avoid such big-brother scenarios, 
but we must not throw the responsibility onto the machine (Wiener, 1950).

Another prescient comment comes from Lord Bertrand Russell, who said: ‘Machines are worshipped 
because they are beautiful, and valued because they confer power; they are hated because they are hideous, 
and loathed because they impose slavery’ (Russell, 1963). The quote is apt. Computers are resplendent 
machines—with high levels of apparent intelligence, independent decision making ability, and perhaps 
even (on occasion) motivations of their own; but they are also, ultimately, human creations. This is an 
obvious statement of fact, but less clear is why we should all (collectively) allow computer systems to 
be designed that (in actual fact) restrict freedoms, limit access to knowledge, and favor minority inter-
ests. My thesis shall be that design of today’s computers is unquestionably; design of the whole arena 
of human life, and ultimately, in a real sense, design of self. Needed is careful planing, to ensure that 
humans be the masters (not of each other); but of our machine slaves, and it must not turn out to be the 
other way around!

Theory of Natural Thoughts (Noun Form)

In this chapter I present an attempt to develop a ‘natural’ theory of human thinking. Explored herein are 
what thoughts are, in and of themselves, and we examine where they come from, and where they go to. 
We focus on: Who thinks What thoughts, and Where.
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We have couched such an approach in terms of the ‘noun’ features of human thought; named as the 
Social Categories of Assembly, or the Circuits of Thought (Radley, 2015). This noun form—or noun-
based analysis—of human thought, represents only half of a proposed complete theory which will be 
finished only when we include—the as yet undeveloped ‘verb’ analysis which would explore: How and 
When thinking takes place—and thus how ideas/concepts are created—in other words the mechanisms 
of thinking. This latter theory will involve: theories of mind, perception and world etc; and deal with 
what we call the Elemental and Modal (or inter-relational) Categories of Thinking.

In this chapter we open up the topic(s) of: how humans come to see, create and share concepts—named 
as the Theory of Natural-Thoughts; together with: what happens when we build thoughts into systems 
and machines—a process/type-of-thinking that we call Machine-Implanted Thoughts.

HUMAN RIGHTS

In terms of moral and ethical law, there are four fundamental human rights, as follows: the right to life, 
and the right to earn a living through work, the right to choose one’s own master (if you do work for 
others); and also ownership of one’s own thoughts. And these rights are the bedrock upon which any 
(just) society is built; its very foundations, if you like (Berners-Lee, 2014). Interesting is that thoughts 
are seen (in law) as the private and unassailable property of the individual; that is, they are his/hers to 
do with as he/she pleases. And the aforementioned four rights lie above all other considerations, and are 
more important than societal organizational structures like democracy, capitalism or communism. Such 
‘isms’ are, one and all, and in a very real sense; simply mechanisms through which people obtain these 
basic rights—or are supposed to be afforded the same.

Let us begin with thought-rights. The right to own, and to profit from, one’s own thoughts, is a major 
theme of the current chapter. I argue, accordingly (and in specific senses), that owning one’s thoughts, 
means also owning the right to pass those thoughts onto others (and controlling the methods and condi-
tions of so doing), either openly or in total/partial privacy (if one so desires). Furthermore, I make the 
assertion that where one does not have such a capability of privacy and free expression—and in relation 
to thoughts—then one is in some sense a slave.

One has lost part of self - perhaps forever!

THOUGHT OWNERSHIP

Restriction (or destruction) of thought-ownership breaks a fundamental human right—and you are, in 
a sense, no longer fully human, wherever and whenever this happens. Or at the very least you are un-
able to operate as a human-being in some way or on specific occasion(s) and/or by means of a specific 
communication medium. Put simply, if you do not own your own thoughts, in any social situation or 
scenario whatsoever, then you are no longer free. You no longer own your mind!

I know that (for example) ‘social’ spying on digital networks is said to be in our best interests, and/
or is supposedly being imposed on us to save lives or else to protect us from harm. But even if this were 
so (certainly it is not so in the vast majority of cases); how can we know that such a situation was/is in 
fact ever the case, since nobody polices the police, so to speak. Others may say that we have a choice 
as to whether or not to use these (social network, tweeting and email etc) systems—and even whether 
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or not to use computers. But do we really have such a choice? It is becoming increasingly difficult to 
operate in a modern society without using computers and networks of all kinds, and especially for email 
and Internet browsing etc. Certainly not having access to some form of social network, texting and/or 
live chatting program is restrictive at best, and potentially limits one’s freedoms and activities in severe 
and (often) detrimental ways.

In fact, we do not have a choice, and our unelected overlords know it.
Disconnecting oneself form the Internet, and/or avoiding all computers and digital networks, and 

going ‘off-grid’, may seem like the activity of a maverick, revolutionary or paranoid schizophrenic. But 
only by so doing (and avoiding the on-line world altogether) would the average citizen possibly avoid 
all kinds of spying in relation to aspects of personal activity and interpersonal communication. However 
every time you spend money on a credit card, apply for a driving license, pay your rent, and/or receive a 
pay check etc; you are generating information. And all of this data ends up on a database that someone, 
somewhere, can access on-line. It is as if the vast digital network ‘knows’ that you are alive, and is, as 
a result, watching you.

Let us concentrate on thought ownership. George Orwell spoke about the issues surrounding panop-
ticon spying (constant, everywhere and all-pervasive observation) at length (Orwell, 1949). Many other 
theorists and writers have followed suit. Each thinker has added his or her own spin onto the debate of 
the relationship(s) between freedom of expression/action/thought; versus spying, dystopian societies and 
big-brother. Overall, my assertion is that each of us should own our own thoughts; and in fact that we 
have a moral and ethical right to them. If we do not, then we are, in some sense, slaves. I put it to you 
that today’s social network, and email operators etc, are breaking our human rights when they spy on 
our communications, and even when they do so with our own consent and/or knowledge. Such spying 
is one of the most contentious issues of the present day.

Being spied upon blocks honest free-expression, and specifically because you are uncertain what may 
become of your thoughts, who is reading them, and to what end-uses they may eventually be put. And 
nobody (that is none of those affected) actually agreed to this form of mind control. Your own thoughts 
are being snatched right away from you, as soon as they are communicated to others, and (very often) 
when sending an email, text or chat message. This is theft, censorship and it is highly immoral—because 
we can do nothing about it. And we do not know if/when it is happening, and (once again) for what 
purposes (or ends) our data is being used. But the current situation is even worse than this. By policing 
the kinds of things that one is able to say on a social network, and the words/opinions that one is allowed 
or expected to express; such surveillance is restricting not only our human right to free self-expression, 
but potentially our education, and the ideas that can/may/will develop in supposedly ‘free’ society; and 
in a most restrictive and severe manner.

Are these actions not thought-theft crimes perpetuated by the powerful against weaker individuals? 
Whatever happened to respect for other people’s opinions? Are we so week-minded that we cannot toler-
ate dissension? It could be (or certainly is the case?) that all kinds of useful opinions, ideas and creative 
inspirations are being checked (blocked); and before they even begin to emerge. This happens because 
people are afraid of expressing their true opinions; and as a result of (real and/or imagined) surveillance 
and possible sanction. It appears that the ever-present spying, banning of certain words, and restriction 
of opinions and feelings, could influence the development of language, and hence thought itself. It is 
a dangerous path that we are now embarked on. How can it be that just because we move our commu-
nication method to electronic media; that our ownership rights are taken away? In the book 1984, Eric 
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Arthur Blair (pen-name George Orwell) spoke about the (potentially) corrupting influence of language, 
and he made several powerful statements that are especially prescient (Orwell, 1949).

From 1984:

If thought corrupts language, language can also corrupt thought. 

It’s a beautiful thing, the destruction of words.

Freedom is the freedom to say that two plus two make four. If that is granted, all else follows.

These quotes point to the power of language to influence thought (and vice-versa). In a way language 
is thought. If you cannot say or express certain words, feelings and opinions—then those sentiments do 
not exist, never did exist, and will never exist—at least for others. And possibly in a sense, these thoughts 
do not even exist from the viewpoint of the thinker as well. Such actions obviously open up legal, ethical 
and moral issues related to network surveillance. However I can (hopefully), leave space in your mind 
to entertain the possibility that networks should not sensor all human communication (by default)—and 
because this may be limiting and/or breaking the human rights of countless millions of individuals.

Are such opinions radical? I hope so—because the world is in a mess.
It seems that only a radical solution could possibly offer any hope of making a dent in (i.e. impact 

upon and solve); the major problems now facing the world, and specifically those relating to hunger, 
wars, environmental disasters and education. Can it be that because we (individually and collectively) 
no longer own our own thoughts; that we are restricting our capability to govern ourselves, and to solve 
the major problems facing humanity?

Let us get back to the previous example, the social networks. Do not get the impression that I am 
against all such networks, because I am not. Rather it is my position that these networks, in various forms, 
and by defining what we can do, who we can talk to, and also the ways in which we do talk; are in actual 
fact forming a new and artificially constructed—or wholly designed form of self. This new self is being 
produced by unelected network owners, and others who are close to the biggest computers –according 
to Jaron Larnier’s view (Lanier, 2013). Big questions naturally arise. Do we really want to allow a small 
number of people (the network owners) to define who we are as a people and also what our lives will 
be like (and including ‘scientific’ people too).

Networks are essential to our future as human beings. They are places where humans can meet, 
come together, interact and exchange thoughts and opinions; sharing ideas, movies, files, and votes etc. 
Already many of us work, play and engage in commerce on networks. Networks also magnify who we 
are, in terms of our needs, wishes, desires and potentially the collective actions that are possible [e.g. 
‘Arab spring’]. And it is my opinion that computer networks are simply an extension of real-world social 
networks (or should be).

When it comes to networks, the medium really is the message; and the message is simply: this is what 
it means to be human—or rather—this is how you can/could retain or demonstrate your humanity and/
or—become fully human. Unfortunately certain aspects of your humanity are to be withheld (currently 
on these networks), and specific thought-rights are to be limited and/or removed (but, don’t worry, it’s 
for our own good!). Conversely, I suggest that we must never forget that computer systems—and hence 
networks—are designed by and for humans. This view may seem obvious—but it is sometimes obscured.
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Norbert Weiner said that we should ‘not throw the responsibility onto the machine’ (Wiener, 1950). 
Hence do not be ‘fooled’ into thinking that we have lost control of machines in terms of their basic functions 
and capabilities. This is not so—machines are (at all times) human made artifacts. The machines cannot 
yet (in any sense) design themselves. And even if they could they do not (currently) possess free-will or 
the ‘will to power’. Machines simply implement human wishes, desires, and plans (intentional or not).

Perhaps it is natural to assume that anything designed by humans would be humanistic, but this is not 
(necessarily) the case. I think Weiner was referring to the tendency of system designers (and others), to 
blame the machine (in-authentically) for those cases where a machine limits human rights, and/or does 
not perform as it should do, or as the user of the technology would wish it to. From this viewpoint, it is 
as if the technology designs itself, and/or were somehow alive.

As for my own viewpoint, I simply state that I believe that such a view is profoundly wrong, simplis-
tic and anti-humanistic. Machines (and computers) are designed by humans, and we can make of them 
whatever we like. They are not fixed in stone and are not our overlords (yet). Rather it is the system 
designers and owners who are deciding what policies the machines progress/implement (at least in terms 
of planning). In terms of the social networks, the current systems control how we interact in a variety of 
ways. They control the language we use and the things we are allowed to say to each other. Unfortunately 
by limiting, curtailing, restricting and controlling human communications; it is inevitable that current 
systems are changing the nature of what it means to be human. Is this a frightening and unbelievably 
depressing state of affairs? Most definitely.

Perhaps we need to go back to the drawing board when it comes to technology; and begin by re-
imagining who we wish to be, collectively as a people. It is vital to realize that the rules and regulations 
imposed by the designers of each network, will shape the ways in which, and by which, and how; human 
beings relate, one to another, and in the strongest possible way. The major theme of this chapter is the 
inseparability of technological issues from matters of general and primary concern—both collectively 
and individually. In a way technology–is–humanity, and/or humanity–is–technology; because technol-
ogy is now so enmeshed with who we are, that design of technology is design of humanity and self. In 
a sense, we are the computer and the computer is us. It seems that a merging of man and machine is 
inevitable—at least if the human species is to survive.

The Purpose of Computers

Many experts have emphasized the chameleon aspect/nature of computers; noting that they are a type 
of machine that can simulate and control: almost any other machine. However a primary function of the 
computer remains helping us to think better thoughts.

The word computer is comprised of COM: meaning to come together; and PUTER: to clean, arrange 
value, consider, and think. Hence computers allow anyone to arrange items clearly in one’s mind; that 
is to see, align, order, overview, sort, gather-together, see linkages/causes/trends and to manage things. 
The item(s) in question include all (or many) of the objects/processes that exist in the natural world; 
but vitally include also all (or many) of the thoughts/feelings/actions of people everywhere –at least 
in theory (Nelson, 1974; Wiener, 1950; Lanier, 2013; Kurzwel, 2005; Gibson, 1984; Norman, 1999; 
Rheingold, 1985; Segal, 2012).

Put simply, therefore, the job of the computer is to organize the human mind; plus to connect minds 
together; and hence to arrange all of our inner and outer perceptions, plus ideas; and in terms of clarity, 
accuracy, precision, relevance and truth etc. Computers are also a type of scopic media (potentially for 
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everything); helping us to see what are the contents of the natural, technical and human worlds (Velt-
man, 2006; Veltman, 2014). In summary, computers are thinking/communication/visualisation/control 
tools, connecting us one to another, and to the world; plus above all this they must help us to manage 
our societies with the utmost humanity, compassion, love, honesty, justice etc.

Would that it were only so.

Machine Consciousness / Free Will and Artificial Intelligence (AI)

As an aside, I state right away that I do not believe in artificial intelligence, or free-will/consciousness for 
systems/machines/computers and hence the actions of machines are solely human-made; and my beliefs 
in this respect are due to a complete lack of supporting evidence for machine-thinking and machine-
sourced decisions/choices. Accordingly all thoughts/actions that exist are entirely human-made; including 
any apparent computer-made decisions. Hence all non-natural processes/influences on the human world 
are the responsibility of a human maker/owner/operator/manager. Ergo machine and computers cannot 
ever make independent decisions or act in any way according to a logic of their own making. Hence any 
mistakes, sub-optimal outcomes and/or evil tidings that may emanate from machines are the result of 
poor planning and/or human mis-management(s) (Luppicini, 2013).

Natural Thoughts

Freedom of thought is a natural and unassailable human right, as expressed in international law (Nelson, 
1974). And perhaps the most sacred faculty given to man, after life; is the power to think as he likes. 
The supremacy of thought is patently so; for man’s scientific, religious and social cosmologies are, one 
and all, if they are anything whatsoever; simply patterns/assemblies of thoughts! A person’s primary 
activity is thinking. And doubtless present are great riches when it comes to our individual and collec-
tive thought streams. In a way, all of civilisation, all of man’s activities and discoveries; are simply vast 
conglomerations of thoughts and thought-outcomes (Benedek, Veronika & Matthias, 2008). Many of 
these thoughts are weaved into the most wonderful and intricate patterns of meaning; and from which 
subtle understanding may be obtained. An indisputable fact is that the source of every one of these 
thoughts is (normally) an individual human mind. Accordingly, the entire corpus of human knowledge 
is comprised of countless thought ‘atoms’; and the same being ‘slices’ of individual minds. And these 
thought-atoms, once communicated, are ready to live-again inside new brains; often being minds far 
distant in time and space. Consequently, we wish to provide open and easy access to, plus comprehensive 
assembly of: thought-atoms.

A fundamental and timeless feature of the mental world, is the placing of some thoughts over and 
above others; and established is a structure of relations and a hierarchy of importance for ideas. Indeed 
some thoughts are considered to be so important that they take precedence over all others; and some are 
enshrined in law and in order to marshall social activities. Certain other types of thought are identified 
as being coincident with universal laws; and thus established are scientific principles. Still other thoughts 
are given a scared charter, and named as religious thoughts.

My (ambitious) aim here is to establish a new theory of natural thoughts, whereby all thinking is to 
be afforded a sacred status. We humans employ various kinds of thought patterns to mirror aspects of 
reality; to shape the world around us, to communicate, and so to plan for beneficial outcomes. Within any 
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particular conceptual framework, thought-atoms fit together in a myriad of intricate ways; and parallel 
structures, hierarchies and logical patterns naturally arise.

Thoughts acquire patterned rules and ways of assembling themselves into groupings; and in order 
to establish specific meanings. No scratch that. I do not think that thoughts assemble themselves—but 
rather thought-atoms are given particular relationships, one to another, within human minds, and (of-
ten) using the complex rules and syntax of languages—formal and informal. Individual thoughts thus 
represent distinct meanings, and when they are linked together into patterns. Ontological relationships 
may be established with object-type and process-type thoughts; using species and genus categories. 
Logical, imaginary and real-world events and processes; can then be represented and modelled. In this 
way humans build up patterns of meaning in relation to the universe—and each other.

All well and good; and everything seems natural and without any obvious problems. Multiple languages 
are developed within which thought patterns can exist and be expressed. Languages may be more or less 
flexible, and more or less established; plus ‘extendible’ to varying degrees. Obviously a formal language 
like mathematics is highly axiomatic, and normally any new idea must fit into the general scheme of a 
particular discipline of mathematics; if it is to be accepted within the overall pattern.

Human societies form huge assemblies of thought patterns; within books, on television, in films, 
papers and on computers etc; and individual thoughts ‘slot into’ various conceptual maps. Often in order 
to fit neatly together, thoughts must ‘play well’ with other thoughts—if they are not to end up homeless, 
lost or forgotten. Such is the immense diversity of thoughts and associated patterns; that they (almost) 
defy description. When referring to ‘thoughts’; we are not concerned merely with Aristotle’s Categories, 
or else purely ‘scientific’ or logical thoughts—but with any kind of thought whatsoever—whether or 
not it coincides with anything real.

The top-level concept of a thought is difficult to pin-down, and because thoughts are an especially 
elastic concept; being a category for something that may be precisely—or loosely—defined to any 
imaginable degree. Thoughts are pointers, categories, compartments, flexible place-holders for patterns/ 
meaning; and we establish that...

Natural thoughts (ideas that result from thinking):

ORIGINATE in the human mind
Are singular or composite (posses an ATOMIC nature)
Are the NATURAL PROPERTY of the thinker or human race <E*>
EXIST in the human mind, on media, or in a machine (system)
May be COMMUNICATED between mind(s) and/or machine(s)
Are inherently EQUAL (meaning changes with context) < E* >
Represent PATTERNS of meaning/content [normally]
May be FREELY-ASSEMBLED into patterns < E * >
May be EXPRESSED in a language system [normally]
May INFLUENCE other thoughts and/or actions

Defined is a top-level class for all natural-thoughts; and captured are the ten universal Attributes 
of the same—being features that naturally inhere in all naturally-existent human thought patterns. And 
whilst a thought-atom may have (many) other secondary features; I shall claim (but cannot prove) that 
these are the fundamental Attributes that all thoughts must (and do) naturally possess; and that no other 
such primary (universal) properties exist.
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We hereby ambitiously define a new Theory of Natural Thoughts; being a framework for analysing 
from whence thoughts come, how they fit together and are expressed, and where they go to. Natural 
thoughts typically have these ten Attributes in common; and (in any case) always possess the three es-
sential Attributes < E* > of: natural property, equality and free-assembly (see later exposition). Unnatural 
thoughts are missing one or more of the essential Attributes. We seek clarity of form, type, meaning and 
influence for all thoughts—plus equality of expression and free assembly for the same.

Open, Private and Secret Thoughts

Everything that follows refers to the Attributes of natural-thoughts.
We identify three Modes-of-Existence for thoughts: in the human mind, preserved on media, and built 

into a machine, system or computer. Next we identify three Forms of thought: secret-thoughts (personal), 
open-thoughts (open collective) and private- thoughts (restricted collective). We assign an owner and 
originator (anonymous allowed) for each thought; plus lost and stolen modes.

Two universal Types of thoughts are identified—with respect to the outcomes of a thought-atom. 
These are named as intentional-thoughts aimed at (directly or indirectly) affecting/acting-on: an object, 
person, real-world situation, and/or other thoughts etc; and passive-thoughts which are deemed to have 
no such outcomes. With respect to the Modes, Attributes, Forms and Types of thoughts; identified are 
the original (human) thinker(s), owner(s) and a human implementer; the latter being an actor who may 
bring a thought into action and thus affect other thoughts/actions.

A secret-thought is a thought that occurs in the mind of an individual, and has not left the ‘mind’ of 
the thinker to enter another person’s mind and/or machine’s ‘mind’ (yet). Secret-thoughts may, in fact, 
be related to thoughts originating in other people’s minds; but vital here is that nobody else (that is, no 
other party) yet knows, or can easily discover the contents of the same, or that the thought has been (or 
is being) thought by the thinker. Secret-thoughts are an individual’s natural property alone. Others may 
be able to guess a secret-thought; but that is different from certain knowledge. With secret-thoughts 
the thinker is in (more or less) complete control over whether or not the same thought contents are ever 
communicated to others.

A secret-thought is—bound in time—and because what was once secret, may no longer be secret 
at some epoch in the future. Secret-thoughts are protected from discovery by others—and are hidden 
in some way. Secrecy is a state of being for the thought itself. Secret-thoughts, by definition, exist in a 
single mind—or no mind—in the case of ‘lost’ secret-thoughts.

Every open-thought was once a secret-thought; but has subsequently been communicated to other 
mind(s), or else written down and stored in a place freely accessible to others. Open-thoughts are essen-
tially, social thoughts. Open-thoughts exist (potentially at least) in everyone’s minds; and the originator 
may have little control over how, when, and to whom such thoughts are communicated. Both open and 
secret thoughts may be singular or composite; and thus be comprised of thoughts and sub-thoughts copied 
from elsewhere, and link-to and/or subsume (or represent) many other thoughts/patterns.

What differentiates open from secret-thoughts is their state of discoverability—and in this respect 
a thought is only secret, if there can be no possibility of transfer to another mind (at a specific epoch). 
Writing down a thought in a public arena, would potentially nullify secrecy (in the future); and hence 
such an exposed thought may no longer be classified as secret, and because it is—potentially discover-
able (i.e. it is a ‘lost’ open-thought until then). It is vital to recognise that not only original-thoughts start 
out as secret. When someone thinks a thought originated by someone else, then the fact that they are 
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thinking this same thought, may constitute a secret—and hence a changed thought—itself. What matters 
is whether another party is able to access unique/original thoughts (or has the possibility of so doing).

A third class of thought is identified as a private-thought; defined as a thought which has-been/will-be 
shared amongst a restricted group. Private-thoughts possess a special feature, in that they are distributed 
to a limited number of people; and hence some form of social sharing plus protection is implied; and in 
order to protect the status of a private-thought, and to prevent it from morphing into an open-thought. 
Discoverability is restricted and controlled by some mechanism/lock/key, plus social trust.

Figure 1. Theory of natural thoughts



123

Humans Versus Computers, Systems, and Machines
 

Properties of Natural Thoughts

It is important to realise that all thoughts begin ‘life’ as the natural property of the thinker; and it is up 
to the thinker how, when and where (originally) secret-thoughts are transformed into open or private-
thoughts. A key distinction is made between natural-thoughts, and unnatural ones. Natural- thoughts 
possess all three of the essential Attributes < E* >, and exist in one of the three Forms. In this book, 
we shall demonstrate (using exposition and example) that unnatural-thoughts prevent human beings 
from freely: creating, accessing, sharing, and/or assembling thoughts. Unnatural-thoughts are therefore 
sub-optimal; and also unethical, because they limit the key human right of: freedom of thought (proof 
to follow). Natural-thoughts retain those innate and existent powers that nature intended a human being 
to have over his/her most intimate property—his/her thoughts.

Our aim in this chapter is to analyse the ten Attributes of natural thoughts, and using the three Forms 
of natural-thoughts. It is easy to establish that computers do not originate thoughts; and hence the first 
Attribute is proven, and because: only humans can originate thoughts! The second Attribute states that 
thoughts are atomic—and may be singular or composite—and this fact would seem to be so obvious 
as to be not worth considering any further. The third—property—Attribute, is an essential-feature of a 
natural-thought. For all Forms of thought (open, private and secret), the property item refers to thought-
ownership rights.

More specifically the owner/originator of a thought has the right to decide (absolutely) who may see 
the thought itself, and (in a weaker sense) what others may do with it. If the true (and natural) owner/
originator is not assigned and conferred ownership (in any way whatsoever) then that thought is now a 
stolen-thought—and hence it is an unnatural-thought. Thought-ownership must be protected (by some 
method); and likewise for Attributes five and eight, the rights of the owner to assemble/communicate 
said thoughts. Note that thought ownership may be assigned either to an individual party, several people, 
or in fact, be assigned to the whole of humanity. In relation to the third—property—Attribute, other 
questions arise in terms of originality/ownership; for example how to resolve a situation whereby two 
or more people have the exact same thought. Thoughts may be intrinsically date stamped to help with 
such an issue.

More complexity enters the discussion when we consider that thoughts are inherently patterned, 
and may have parts that originate from different sources/people. Another problem in relation to the as-
signment of thoughts as property; occurs when thought- atoms originate, not from one mind, but from 
many minds—as a collective. We must therefore retain the ability to assign authorship/ownership of 
thoughts that originate collectively; whereby a committee of thinkers are recorded as responsible for 
said thought constructs. Problems are multiple in relation to assignment of thought- ownership; but most 
issues evaporate away by focussing on relatively distinct thought- atoms; and hence assigning originality 
to the smallest possible units.

In summary, the assignment of ownership to human thoughts; is a central thesis of the current chapter. 
We shall return to the idea of thoughts as property, many times; and in order to explore the ethical and 
moral imperatives of, and vast implications of, this key issue within human affairs.

What is to be gained by this type of thought-categorisation? Why focus on thoughts? Would it not be 
better to look at knowledge itself—and forget altogether about thought- ownership? My answer relates 
(in part) to the fact that the whole corpus of human knowledge is (in a real sense) an immense con-
glomeration of opinions. Clearly, within society, there are varying opinions on politics, law, social and 
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scientific questions, and also the nature of reality itself etc. Everywhere we see dissenter and alternative 
viewpoints. And many (honest) mistakes are made within human activities.

Overall, thoughts are argued about and debated—and nothing is more human!
Kim Veltman mentioned to me that thoughts are not merely and only a matter of opinion, and that our 

ideas also include: dreams, plans, fears, hopes, beliefs, ambitions, etc (criminal thoughts will be inferior 
to noble thoughts—for example). Yet all of these modes of knowing are expressed as thoughts. My point 
is not that everything is opinion, without precedence; but that thoughts, in order to confer meaning, exist 
within a particular context—and these contexts change constantly!

Only within a particular context/framework, or in relation to a specific pattern of other thoughts; or 
from the perspective of a particular person’s ego, can a thought be judged and/or assigned to any degree 
of significance or value. Reflected here is the chameleon-like nature of all thinking. Thought meanings 
are inherently non-committal, and because—contexts of use are varied and innumerable. Establishing 
the specific context of use for a thought-atom—and taking into account the surrounding pattern(s)—is 
absolutely essential in order to scry the intended meaning. Therefore the meaning of a thought is wholly 
dependent upon its brothers and sisters; that is, on the words, sentences and paragraphs that surround it 
(in the case of a written thought). Thoughts are reusable building blocks for assigning and communicat-
ing meaning; and the gist of a thought may (at any time) be only be partially known in varying degrees 
of definition, and according to a specific usage scenario.

We may also ask: how big/complex are thoughts? Is a thought: a word, a sentence, paragraph, a 
book or even an entire subject corpus? I don’t actually know the answer (and there may, in fact, be no 
single answer); but only that I had imagined thoughts to be atom-like and quite small—similar (in a 
way) to the letters in a language. Perhaps a typical size for a thought would be about as long (or short) 
as a sentence. However experts often converse by means of short-cuts, and using technical terminology; 
hence much context is assumed here and will be off-limits to others, who’s mind’s ‘live’ outside of the 
specific contexts employed.

In summary, meaning is context dependent, and so it would seem essential for us to see, know and 
remember, (in context); the great assembly and diversity of all thoughts. Hence computers must be, 
above all else: scopic; communicative; and ‘thinking’ media.

Who Thought: What,When,Where and How

Human knowledge is not finished, but continues to advance and develop at an ever faster pace. Poly-
math’s like Ted Nelson and Kim Veltman have noted how subject categories don’t really exist, and that 
everything is connected to everything else. Kim Veltman even finds that the various alphabets of the 
world, the composite letters and symbols; hold entire histories of meaning/knowledge and represent a 
vast number of inter-cultural cross-connections and common sources (Veltman, 2006).

Present are deep and parallel structures within human knowledge—and constituent thoughts are 
enmeshed with other thoughts endlessly; with yet more thoughts/ opinions piled on- top-of, on-the-side 
and below, other thoughts; ad infinitum! Ted Nelson says that knowledge—and information—are fractal! 
(Nelson, 1974). And by this he means to say (I think); that thoughts are also fractal—complete with 
unusual patterns and increasing levels of detail as you ‘zoom’ in; and thus patterns of new meaning on 
all scales.

It may be that we humans cannot possibly develop further as a species; without creating an immense 
map—or a world brain—of the vast interconnectedness of thought patterns. A nice way of so doing, is 
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Figure 2. Three world’s theory of human thought
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to find out who thought what, when, where and how. Desired is an equivalent of the great ‘Library of 
Babel’—the mythical library that contains all books, all languages, a complete and detailed history of 
the past, minutely detailed and containing a faithful catalogue of every datum ever known; and includ-
ing innumerable false catalogues. Only now the library is to contain thought-atoms assembled into the 
larger elements of knowledge. Cataloguing every open-thought—according to simple features: origin, 

Figure 3. The circuit’s of thought
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ownership, pattern and linkage; enables preservation of the immense complexity, overlays, relationships, 
cross-linkages, and interconnected nature of everything.

One may still overlay (onto this system) all kinds of data, categorisations, assignments, classes, subjects, 
books etc. However the parallel and multiple links between all ‘opinions’ would be represented—and 
the deep interconnections made visible—and by focussing simply on thought-atoms. Open-thoughts are 
made visible at last—and one has preserved the origin, ownership, equality, pattern, and assembly of all 
thoughts. The only remaining items on our list of Attributes; is to sort out: details of existence (Attribute 
4), access (Attribute 5) and expression or language (Attribute 9), and the influence(s) (Attribute 10) of 
all thoughts in human society.

Remember that all knowledge is comprised; simply of thoughts (plus data—see later). The basic 
building block of everything known (I would suggest) is the open thought-atom! This is naturally so 
because every idea/feeling starts ‘life’ as an individual thought. Of course thoughts are normally pat-
terns of connections to other thoughts—and also interconnections between thoughts, patterns and data 
etc. However one cannot get away from the fact that what matters is that individual/collective mind(s) 
assemble groups of thought-atoms together into patterns, and in order to confer meaning.

We state this in another way as follows:

< Mind = patterns = [thoughts + data] (contextualised) = meaning >

Accordingly, we ask: what use is an open-thought that cannot be found? For such ‘lost’ thoughts; it 
is as if they had never existed. This is—in fact—the situation we have at the moment; whereby, because 
of a distinct lack of connectedness, vast numbers of thoughts are, in effect; isolated, lost, inaccessible 
or invisible—potentially forever!

We humans have a desperate need to read the patterns of past and present thought- streams. I refer 
here to open-thoughts; and to those thoughts that the thinker intended would be shared with others.

Truth / Falsehood and Good / Evil

A key point is that the rest of us (thought-readers/assemblers) cannot know which are the true or false, 
useful and/or worthless thoughts. But even false thoughts educate us—in one way or another—and—all 
thoughts inform. Professor Marshall McLuhan (1911-1980) referred to modern man as the information 
gatherer, and he was right (almost); for we desire not merely data and information; but seek opinions and 
thoughts of all kinds (McLuhan, 1967; McLuhan, 1964). Man constantly collects thoughts like the ant 
collects twigs, saving them up for use—and profit—later on. But a question remains, how does society 
decide which are the useful/true thoughts, and which are the useless/harmful/false ones—and the same 
being those thoughts that should be discarded, censured and/or perhaps destroyed.

Our new Theory of Natural Thoughts provides an emphatic answer; and states that—on logical and 
ethical grounds to be explained later on—no open-thought should ever be destroyed and/or lost from 
the historical record. All open-thoughts are to be preserved and accessible to all. According to Attribute 
six, all thoughts are equal; and in a specific sense, whereby any and all thoughts require an established 
context to assign meaning. And because thought-atoms do not (by definition) in fact posses a singular—
or specific—context of use, it logically follows that all thought-atoms are equal, and none are worthy 
of destruction/censure! I refer here not to the rights of legal/scientific bodies to recognise and develop 
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(for example) laws/judgments and social/scientific thought-patterns of any specific type; but rather to 
the unnatural censure of any open thought-atom by itself, and when taken out of context (completely).

In fact, it is natural for humans to be constantly swapping thought-atoms in and out of constellations 
of thought-assemblies; and in order to establish hierarchies of understanding. Within proper contexts 
thoughts will naturally establish rulings, importance and dominance, one over another. The process of 
identification of useful ideas, must (normally) come from our collective opinions. It is for the whole 
human race that we must think; and our thinking processes must be as efficient, moral, and ethical as 
possible. If we are to choose some thoughts/actions over others; let it be after full consideration of the 
logos, pathos and ethos—after seeing a matter from all sides—and with as much information at our 
disposal as possible; and after considering all the opinions.

What I am defending here is human freedom; and in particular: freedom of thought, and the unhindered 
visibility, sharing and assembly of thoughts. We dismiss (altogether) the notion that some thoughts are 
intrinsically superior to, or else more worthy, than other thoughts. We state this in a motto: all thoughts 
are equal; being an idea derived from the fact that thought-atoms are essentially contextless. It is difficult 
to come to any other conclusion; and because the evidence is so vast in favour of equality and re-use.

Witness the diversity and varied usage of thought-atoms. Such a seemingly radical view is unquestion-
ably a moral position; and it is based (partly) on the fact that viewpoints vary. A specific thought may 
be seen as right or wrong, and true or false; by various people—and even the same person—in different 
contexts. Accordingly we defend and uphold the right of any (open) thought to exist; and to be seen/
assembled (in any way), and by all human being(s). It is a fact of life that we must judge thoughts (and 
data-related ‘facts’); and decide between good and evil options, plus rank priorities—but this all happens 
within specific patterned context(s). All open-thoughts must be accessible for use (and re-use) within 
such varied patterns. Every single open-thought should be accessible. In fact it would seem logical to 
suggest that only where all open-thoughts are known; do we humans then—as a collective—have the 
best chance of selecting, combining and creating truly optimal thought-patterns.

Accordingly, it is my belief that wherever a human being has originated a thought, and communicated 
it to others as an open-thought; then that same thought is in a very real sense owned by the whole of 
humanity. I would (perhaps) here retain ways for the originator of said thought pattern to be paid via a 
micro-payments system. Importantly in this scheme all scientific knowledge; in fact all types of public 
knowledge, would naturally—and by default—be assigned as open-thoughts.

Benefits of Natural Thoughts

Several problems relating to intellectual property arise out of our new conception of thought-ownership; 
however most are solved within the bounds of the current law of copyright and patents. What is not 
solved is the desired level of granularity that a thought has to achieve, in order to be assigned as an 
independent thought; and furthermore how are thought-rights and thought-ownership to be assigned/
protected. These latter actions happen as a result of computers and techno-rights. In some respects the 
solution to these issues is the primary topic of the present chapter. Hopefully it is now clear what I am 
proposing; freedom of thought through dual modes of thought-ownership.

Firstly, thought ownership at the individual-level exists as secret and private thought types in which 
the thinker can himself control the degree of social sharing attained by said thoughts. Secondly open 
(shared) thoughts are to be assigned to the thought-ownership of everyone in the world, whilst a system 
of micro-payments may (sometimes) protect the owner of said thoughts, and in certain usage situations. 
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Note that specific types of outcomes, objects, methods and machines; that are created as a result of 
thought ownership; can be protected via the standard intellectual property mechanisms.

We now ask what exactly has been achieved by our new theory of thought freedom/ownership.
Let us start by imagining that a system of techno-rights is already in place (for all media-stored 

thoughts); in which secret, open, and private thoughts are facilitated and protected (as described). Fur-
thermore let us assume that all of these thoughts have been connected in an atomic way (to be defined 
later); whereby any thought atom can be connected to any other—leading to patterns of an almost 
unimaginable complexity, depth and parallelism. We have thus created a new kind of society—or tech-
nopia—in which thought ownership/freedom takes precedence over (and aids or facilitates) all forms of 
human communication - or at least a large/significant portion of the same.

Attaining all of these advantages (simultaneously) is no small feat.
Perhaps this new arrangement of knowledge—because it is thought-based—maybe the bedrock of a 

new kind of democracy that embodies a fantastic diversity and richness of opinion; where all ideas are 
visible, and no thoughts are left behind. Every open-thought is established as being equal to every other—
in terms of accessibility/assembly—and because no public thought (without context) takes precedence 
over any other. Any thought may be therefore be conceived of and expressed—either secretly, openly 
or privately. There are no restrictions whatsoever on man’s thinking. He is free to think whatsoever he 
likes; individually and collectively. No one can stop anyone from publishing his/her own thoughts/votes, 
and from sharing these with whomever he/she likes. Thoughts are set free. There can be no censure, 
thought-destruction, thought-police, or thought-alterations. Oh, and perhaps I forgot to mention that our 
new technopia protects and remembers all open-thoughts forever (open-thoughts are indestructible and 
immortal); and so that all the thoughts of humanity are at everyones recall—and anyone may access 
them—largely for free. Visible are all of the parallel connections between thoughts, and the relationships 
of each and every thought pattern to every other. Links work both ways and we can see not only where 
an idea comes from; but also all the places where it is being used in the entire world knowledge system. 
We have built a world brain. But what, precisely, has been gained as a result?

Answer: a vital set of new-found freedoms.

Freedoms gained (from natural-thoughts):

 ◦ Openly publish ideas / thoughts / votes to anyone / everyone
 ◦ Publish private thoughts to close friend(s) [SECRETLY]
 ◦ Nobody can stop anyone publishing - publicly / anonymously
 ◦ Read / quote the open thoughts of anyone else
 ◦ See where all ideas originate / voting corruption impossible
 ◦ See where all ideas are used, and how they are linked
 ◦ Know what are the collective opinions on specific issues
 ◦ Preserve thoughts forever / ask any question of the ‘world’
 ◦ Totalitarian thought-control / big-brother is less likely

Some people may take issue with the fundamental principles upon which the proposed technopia is 
to be built. Let me now attempt to preempt some of these objections, and by clearly stating the benefits 
of the Theory of Natural Thoughts. Firstly, everything here is aimed at firmly and irrevocably establish-
ing: freedom of thought; which is one of the nine fundamental human rights of the Geneva Convention 
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(UDHR, 1948). Presumably no-one (other than possibly bodies like the NSA and certain corrupt ‘pow-
ers’) would object to this first principle? Present in our new cosmology, is the idea that all thoughts are 
equal (Attribute 6); and hence that no thought may censure or control any other thought (sans context). 
Establishing this first principle gives rise to other desirable attributes for thoughts; including freedom 
of existence (Attribute 4), freedom of publication plus accessibility (Attributes 5,9,10), and the open-
assembly (Attributes 7, 8) of thought-atoms. From this perspective people may assign meaning in any 
way whatsoever; and create meaningful/ meaningless mashups of thought-atoms, from wherever they 
like, and in whatever order/pattern they like.

Within the technopia, and in terms of accessibility/combinability; there is no such thing as an (ulti-
mately) evil, wrong, false or immoral thought-atom—and anyone may create and/or read/express any 
opinion whatsoever. But is such freedom of expression not dangerous? Does it not help criminals? I 
would argue that this is not so, and for several reasons. Fundamentally, it is my belief, there can be no 
such thing as a wrong, evil or immoral thought-atom. Thoughts standing alone cannot possibly be evil; 
rather it is fully contextualised patterns of thoughts, and subsequently instantiated as a decision to take 
action, that may be evil and immoral. To most people, a single thought does not convey a compulsion to 
do anything —it is only a thought! In all cases it is the active agent, the actual person themselves; who 
decides to act on a pattern of personally contextualised thoughts.

One cannot have freedom of thought where you have some thoughts able to (universally and without 
context) block, dissemble, and destroy other thoughts. Logically this is so because we must be free to 
judge all opinions, and view all sides of the argument; and to see—all perspectives. One would suppose 
that thoughts simply cannot corrupt us—unless perhaps we are only given narrow viewpoints. In all cases 
people corrupt themselves by adopting limited perspectives—and in fact by not exposing themselves to 
enough thoughts, or else a sufficient number and high quality of different thoughts! Evil thoughts do 
not have a life of their own. They are not magical—and do not posses the power of demonic possession. 
Responsibility for deciding to take action; on all occasions, rests with the thinker/thought-implementer. 
But what about someone like Adolf Hitler; did his evil thoughts not ‘possess’ countless millions. Whilst 
I am no historian, I would argue the opposite may be true; whereby for want of sufficient open points of 
view, and the visibility of enough opinions in relation to true events, the German people (and perhaps, 
in a sense, the world’s people also) were led blindly into the abyss of a terribly costly war that nobody 
could truly win.

If we try to eliminate all the evil thoughts from the world; and by (for example) banning certain 
thoughts, and destroying all memories of unhelpful events; then we may find that (in reality) we cannot 
do so. The notion of an evil thought, the classification scheme used, may narrow over time; and evil 
may be gradually re-assigned (by us) to somewhat less-evil deeds/thoughts. Evil, sin and immorality 
are seen to be part of the dualistic way in which humans interpret life itself; and we cannot do away 
with them altogether by pretending that acts of ultimate evil do not exist. On the other hand, we must 
embrace evil, know its very dark heart, and in order to be able to recognise it in ourselves. But how can 
we recognise evil where it is hidden? Evil cannot be stricken from the heart of man; it lives in man and 
is part of him. We must strive to recognise it early on, and to tackle it as soon as it begins to emerge. 
Accordingly is it not better to know where evil is, and what it is ‘thinking’; and in order to know/change 
its expression in ourselves.

Another point relates to not allowing some thoughts to rule over others (in terms of visibility/acces-
sibility/assembly etc). If we give certain people and/or thoughts the power to judge and police (other) 
thoughts, then are we not in danger of loosing control of our humanity? It is the lesson of human history 
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that tirents and totalitarian regimes have a tendency to occur all too often in human societies. And who 
is to say that—even initially mild—censure of thoughts is not the ultimate tirent; and far worse than any 
Hitler, Saddam Hussein or Gehngas Khan.

In 1887, Lord John Acton said:

Power tends to corrupt, and absolute power corrupts absolutely.

Evil regimes invariably attempt to censure all forms of social discourse, and to control the thoughts 
of citizens through indoctrination. This is so because the evil dictator knows full well that it is the very 
minds of the people that he must seek to control; and if he is to rule over a society. In my book Self as 
Computer I give numerous examples of thought-control; and discuss corresponding evidence in support 
of the ‘preventative medicine’ of natural-thoughts and thought-ownership (Radley, 2015).

Before looking at what others have to say on the specific topic of the equality of un-contextualised 
thoughts; I would ask the reader to consider (alternatively); who they would trust to judge all human 
thought-atoms on a world-wide basis. How could we stop corruption from entering such a process? Is 
not the alternative far preferable, where no thoughts are censured, all thoughts are free and open, plus 
visible; and no thoughts are invisible/crushed?

Rene Descartes once described thought as:

A universal instrument which can be used in all kinds of situations (Descartes, 1641).

This comment goes right to the heart of my argument that all thoughts are equal. Thoughts, words and 
concepts must never be made illegal by themselves. This is so, because if some thoughts are disallowed 
and/or banned; then they are no longer available/useful for all purposes—and especially for recognising 
and countering, plus educating people about, wrong-doing and unhelpful actions.

I would now like to briefly explore a fundamental difference between looking and thinking.
Visualising an object with the eyes; requires a causal connection between you, light and the object 

itself. However thinking a thought requires no such causal relationship; and an isolated thought-atom 
may be conceived of as a mere temporary path, or station point, as we move from one region of mean-
ing to another. It can sometimes be the case, that evil and immoral thoughts, and thinking about inhu-
mane situations etc; may lead us to more fruitful, rewarding and ‘good’ islands of thought; than would 
otherwise be the case. Sometimes one needs to embrace an evil path and/or wrong act; and in order to 
understand it, break it down, in order to check its processes and/or to prevent similar situations from 
happening again in the future. Surely no one thinks that ignorance is best. Men like Jesus and Buddha 
preached an inclusive approach; and we do so likewise for all thoughts; no matter from whence they 
come, and what they (appear) to condone.

Unless we can can freely access, assemble and re-assemble our thoughts; with complete knowledge 
of where they come from, who originated them, along with their full context, and understanding of 
how they came to be; then it may not be possible for us to learn from our mistakes and move ahead as a 
people. Ownership of thoughts is key; all our thoughts; but this will not be possible until we accept that 
all open thought-atoms are absolutely equal.



132

Humans Versus Computers, Systems, and Machines
 

‘Unnatural’ Thoughts

Open thought-atoms (devoid of sufficient context) must be recognised as fundamentally equal for sev-
eral reasons. Firstly, evident is that thoughts—when they are small/simple—are inherently designed for 
assembly into larger patterns of more complexity and greater refinement (and depth), in terms of mean-
ing. As a result meaning is heavily dependent on context and usage; and no thought has an ultimately 
fine or fully distinct meaning without consideration of all the surrounding contextual patterns (of the 
originator/receiver).

Thoughts are equally meaningless and/or equally meaningful; depending upon use. Therefore no open 
thought-atom has the right to censure any other open thought-atom; and no un-contextualised thought is 
more equal or possess greater truth than any other thought (from the perspective of judgment/censure). 
The woeful tidings of extracting thoughts from their rightful context, and/or of stealing thoughts from 
the natural owner; are evident throughout history.

Witness the ‘phone hacking’ scandal in the UK, the Profumo Affair in the UK, Watergate, Berlusconi’s 
‘Bunga’ parties, Bill Clinton and Monica Lewinsksy, the Teapot scandal, the Abu Ghraib torture scandal, 
Wikileaks, and the Iran-Contra Affair etc. More recently the European Court of Justice ruled that citizens 
(who have been convicted of crimes) have the ‘right to be forgotten’; and to have their records deleted 
from the Internet. Thus open-thoughts are consigned to a memory-hole, and effectively destroyed. His-
tory is re-written. What will be next—will companies that lie, steel or commit crimes be able have these 
records removed also? Will newspaper records be subject to alteration—as in the novel 1984—and will 
all ‘citizens’ have the right to have their personal histories re-written here also. If all crimes are to be 
forgotten, what becomes of history? Do we have a new Ministry of Truth right in the heart of Europe? 
Has Newspeak arrived? Who will defend/record truth? What ever happened to freedom of the press?

In actual fact what I am arguing for with natural-thoughts and thought-ownership, is simply: freedom 
of thought. Perhaps some people believe that we all have sufficient freedoms at the present time, and 
in relation to freedom of personal association/expression. But did you know that in the USA it is now 
illegal for two parties to communicate across the Internet using an encrypted email or texting system 
(for example); and without passing the decryption keys to the NSA! In effect this rule has outlawed the 
natural or private-thoughts detailed above. Whatever happened to human rights? Every child is born 
with the right to posses secret/private (natural) thoughts, and also to engage in private communication 
with any other child—because he/she may go into a room and whisper into another other child’s ear, for 
example. How is it possible that a natural human right that we are born with, to not be spied upon (in 
one-to-one communications), is made illegal in the USA? Is this loss of humanity, related to communica-
tion at a distance and/or across an electronic medium (in some bizarre way)? Surely this is an example; 
that upon growing up, one has lost part of self— specifically the right to own one’s private-thoughts!

My point is simply this; man is not perfect, he makes mistakes, errors, miscalculations—and does 
not always act in the best interests of all. We must all keep an eye on each other’s (open) thoughts/ac-
tions as a result—but whilst respecting each others right to have secret/private-thoughts. We must act 
for both the collective and individual ‘good’, instead of meeting only the needs of the powerful. No pigs 
(or humans) are more equal than others, and certain pigs may not (hopefully) be allowed to spy on - and 
control - other pigs. However today’s Internet laws would have shocked even the great George Orwell; 
whereby a small number of powerful parties spy on the rest of us. They steal our secret/private thoughts, 
or have our open thoughts/actions destroyed and/or rendered invisible!
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Such powers can only be interpreted as a real-world design for a ‘Ministry of Truth’ and/or Newspeak; 
and the same attempting to control all minds everywhere, automatically, and by default.

If ones believes, as I do, that open-thoughts are, in a very real sense, the natural property of the whole 
human race; then it also becomes intolerable to allow the current situation to continue; whereby open 
and free access to our collective memory institutions is blocked to many people. Increasingly knowl-
edge and libraries are online, but not everyone has access. In the UK, during recent years thousands of 
public libraries have been shut; which is reminiscent of the ‘book- burning’ firemen in Fahrenheit 451 
(Bradbury, 1953). Also many libraries are getting-rid of older books (selling them); and to make way for 
acres of computing terminals! It seems that the librarians have gone mad—just like the aforementioned 
firemen. It is because books (open-thoughts) are not seen as owned by humanity; that they may be sold/
lost/destroyed. Another point relates to open accessibility for all the world’s ideas. Some children are born 
with access to the Internet; and others do not have access to this technology. In effect, such a situation 
means that certain privileged children can see—or in some sense own—much of the past/present thoughts 
of humanity; and others do not! On the positive side, we do have an increasing recognition of some of 
the issues here discussed. Plans are afoot (by some enlightened people) to make changes in some areas.

But dangers remain. According to Lewis Mumford we must not:

Figure 4. Comparison with Orwell’s ‘Big Brother’
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Contract human wants and desires in order to conform to the machine... no automatic system can be 
intelligently run by machines—or by people who dare not assert human intuition, human autonomy, 
human purpose.

In the author’s mind, emphasis has often been in the wrong areas; and blame has been assigned where 
none is due. It is not the the NSA or Facebook’s fault that they use our thoughts against us; but it is our 
collective failure to recognise natural-thoughts for what they are—the collective property of individuals 
and/or all humanity—that has held us back and continues to do so.

A thought is not a mere mere gossamer datum to be gobbled up greedily without respect for the 
natural rights of the thinker, or else a throwaway item, but rather it is who I am in the deepest sense. 
Our thoughts (properly contextualised) are: who we were, who we are, and all we can ever be—and we 
must treasure, nurture, defend and remember them; and in ways that safeguard our humanity; and move 
us ahead together as a people.

Machine-Implanted Thoughts

We now return to, and extend, our Theory of Natural Thoughts—and in order to account for the ways 
in which machine/system implanted-thoughts influence other human thoughts, systems and machine 
implanted-thoughts; and also influence or implement human and machine actions.

Accordingly,

Machine/system implanted-thoughts:

 ◦ ORIGINATE in the human mind (may be influenced by data)
 ◦ Are inherently AUTOMATIC (once set in motion)
 ◦ May be dormant, active or inactive
 ◦ May have physical outcomes and produce a material change/results
 ◦ May exist in Secret, Private or Open Forms
 ◦ Are composite, and posses an ATOMIC nature
 ◦ Are intentional in Type(normally)
 ◦ Are frozen in form, and cannot self-change
 ◦ Are the NATURAL PROPERTY of a human / human race
 ◦ Are implanted in to a machine by a human DESIGNER / IMPLEMENTER
 ◦ Are ‘set-in-motion’ by a human ACTOR / INITIATOR
 ◦ May INFLUENCE / be-influenced by other implanted-thoughts / data / human actions
 ◦ Influence outcomes may be visible/invisible and planned/unplanned
 ◦ May be ASSEMBLED into patterns/designs for varying affects

These are the Attributes of machine implanted-thoughts. Every implanted-thought has Form (vis-
ibility status), and also has a human Owner, Implementer and Initiator. It is important to realise that 
implanted-thoughts will correspond—in every man-made mechanism—to ALL of the design features, 
components and outcomes present in machines, products and services etc. The purpose of the second 
part of our theory of thinking, is to map/control/optimise those human thoughts that are embedded into 
systems, machines and (for example) computers. A core premise of the current chapter is that many 
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system and computer designs are sub-optimal; and further that they tend to: meet the wishes of few, as 
opposed to fulfilling the needs/requirements of the many.

Assuming that we have established (correctly) the basic Attributes of machine implanted-thoughts; 
the question becomes how to identify, structure, plus manage and control these implanted thoughts—in 

Figure 5. Machine implanted thoughts
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such a way—and on a world-wide-basis—that the natural Attributes of thoughts are upheld. Obviously 
we are in the realm of law, ethics and government regulation. Accordingly, in later pages, we outline 
how techno-rights may be established to nurture and protect the properties of natural thoughts. A first 
task is to identify the implanted-thoughts within machine systems—however right away we are hit by 
a major stumbling block.

Systems, machines and computers have evolved to the stage whereby their implementation details and 
complexity are—quite literally—almost beyond human understanding. We have processor chips contain-
ing billions of components; computers running hundreds of separate programs simultaneously; and each 
with hundreds of millions of lines of code; whereby millions of such computers are connected together 
into networks of many different kinds. How is it possible for anyone; for any government, corporation, 
university, or even for the whole of the human race; to begin to understand the immense, mind-boggling 
and overwhelming complexity of such a vast technological entity—and thus to perceive the structure 
of the self-computer? I would suggest that there is no need for any understanding whatsoever—at a top 
level—and because we (as a society) can simply focus on monitoring the outputs of technical systems; 
and hence on managing the influences of computers on self.

Written into law can be a generalised mapping and protection of those freedoms that are expressed 
in the theory of natural thoughts; and we can call the associated technological implementation of the 
same; techno-rights. It shall be the system designers/owners who will be tasked with ensuring that they 
obey the law in this respect, and it is for the whole human race to monitor said behaviour. When tracking 
machine implanted-thoughts; we have a problem of mapping inputs—machine implanted-thoughts—with 
outputs—the related influences on human thoughts/actions/life.

How do we untangle the world of human thoughts from the system implementations of the same? How 
do we map actions/events/processes back to the causative machine implanted-thought; when there may be 
many stages of influence between actor and action? On practical grounds I do not think we do (or can); 
and it is where a machine actually touches humanity that the (initial) relationship and responsibility lies.

Perhaps we can go back to Aristotle, and base our analysis on the ten Categories and the four Causes. 
In this manner creating a mapping from a single implanted-thought to any supposed restriction of human 
rights; established simply by transferring Aristotle’s ideas to systems/machines.

An implanted-thought engages with the human world thusly:

TOUCHES humanity as an action / process / material outcome
TOUCHES humanity as a subject (whether predicated or not)
IS INITIATED by a human (may result from other implanted-thoughts)
A CHAIN of causality can always be established to a human actor
INFLUENCE is assigned by outcome and in a single context
EXISTS as a singular mode of meaning with singular/multiple outcomes
Affects as a primary SUBSTANCE and is therefore truly existent
May influence other thought patterns (in predictable ways)
May affect human subject(s) in one of nine ways given below

The Categories of Influence for implanted-thoughts:

• May affect QUANTITY in discrete/continuous fashion etc
• May affect QUALITIES; e.g.colour, shape, hot, fast etc
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• May affect RELATIVE relations between objects, half, master etc
• May affect PLACE of real-world objects
• May affect WHEN relations of real-world objects
• May affect LOGIC, HAVING or STATE conditions
• May affect ACTIONS or changes in objects (shape, relations etc)
• BEING AFFECTED by other some action(s).
• May influence human life / natural thought rights and/or human rights

We name the above features the Engagements and Categories of Influence of machine implanted-
thoughts. All well and good, but where does such a scheme get us in respect to human-machine rela-
tionships? Potentially quite a long way, in actual fact, and towards tying down the myriad of different 
influence(s) of machines on the human world.

Our approach to mapping the influence of machines, is a straight-forward one.
We begin by ignoring the actual internals of machines; and attempt to understand the influence, or 

external operational mechanics, of implanted-thoughts. Focus is placed on where the implanted-thought 
‘touches’ humanity by means of actions/events and physical outcomes (as defined by the nine category 
examples). Secondly we state that any implanted-thought ‘touches’ humanity purely in the first-person—
and the outcomes are assigned by material affect. Even though the implanted-thought may be influenced 
by humans and/or data and/or other implanted-thoughts and/or patterns of thoughts (which may in fact be 
the causative factor); it is at the point(s) where an implanted-thought actually interfaces with humanity 
that the initial influence/responsibility lies.

This latter point is in accordance with legal precedence whereby the chain of responsibility starts 
with the (most obvious) actor, and it is he who must demonstrate/prove that he was deceived/influenced/
forced by another actor into a course of action; and in order to offload responsibility. Hence all thought-
patterns are assigned an author (implementer), owner and initiator. Therefore a human/legal agent can 
be identified for every thought atom’s consequences. Likewise we state that implanted-thoughts are 
identified in having a single pattern (or mode) of meaning, and for the purposes of mapping. Where the 
influences of a thought possess more than one outcome, then these must be treated separately, as indi-
vidual patterned units of action/meaning. Implanted-thoughts are also assigned as a primary substance, 
and associated actions cannot therefore be categorised as (in some way) mere side-effects of societal 
forces / universal categories.

One might think that laws are already in place to deal with cases where a machine/computer/system 
breaks human rights. However any laws are inadequate, and because:

• Society does not (always) realise that people have freedom-of-thought rights. (see many examples 
of societal indifference and instances where freedom of thought is ignored)

• Complex/hidden technical factors are used to break human rights, and also to block a person from 
finding out when his/her rights are broken. Laws are required to force organisations to comply.

• An individual cannot find out who (which human actors) is/are responsible for breaking said 
rights; and nothing can be done!

• There are no techno-rights to mirror and so to protect one’s human rights (in terms of technology 
and its effects on humanity).
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Needed is a new vision with respect to the design of machines; and in particular because whenever we 
design a machine—any machine—then we are in fact implanting our thoughts into the world in a wholly 
inflexible way. These frozen (universal) thoughts will often have the most profound results; and multiple 
implications; good, bad, indifferent, intended or not. And they will operate correctly - Everything Else 
Being Equal! Machines are constructed entirely from human implanted-thoughts; and the same being 
subject to the Attributes, Engagements, and Categories of influence.

Accordingly, I will suggest that it is perfectly feasible to design a new kind of society—a techno-
pia—by means of said theories; whereby machines are built that respect and recognise human rights. 
Special techno-rights will be required to nurture and protect human-rights—the same being the standard 
rights—only consciously instantiated within machine implanted-thoughts. Although my suggestions may 
sound radical, and perhaps utilitarian; only by means of a major impetus could we possibly alter the 
course of the modern world away from; citizen spying, stolen thoughts/data, no freedom of expression 
and a complete lack of knowledge in relation to the thoughts/votes of humanity.

Democracy

It is my position that a primary function of technology is to create a utopian future, and to progress the 
humanistic agenda; complete with democratic values, and human-friendly: policies, values, agendas, 
laws and societal mechanisms.

The focus is on finding ways for people to obtain the fundamental human rights, and more especially 
in terms of thought-ownership; which is in some ways a precursor to, and facilitator of, all the other hu-
man rights. As an example of such a linkage; I put it to you that with current technology we don’t even 
know what are the collective opinions on almost any specific topic or major issue of global concern. If 
we only knew what society (as a whole) was thinking, perhaps we could implement more humane poli-
cies. This happens through wide-ranging aggregation of human thoughts, opinions and votes; and the 
corresponding collective and democratic wishes of the majority being put into action. These ideas relate 
to the implementation of, and definition of, democracy itself—and so to the nature of society (Benedek, 
Veronika & Matthias, 2008).

Democracy has multiple meanings and different definitions, but here we refer to the concept in the 
most simplistic sense imaginable; being the actioning of the collective will of the people. I do not think 
that we have democracy (on a world-wide basis) at present, no matter what our leaders may say/present. 
I shall make the argument that for humanity to progress, we must find out what the wishes of the major-
ity actually are, and on an issue-by-issue basis, and then collectively implement the same. Along the 
way we introduce a number of new principles for a technological society, which we name the technopia.

A technopia is a society so arranged as to benefit all, and it has special laws, rights and technologi-
cal mechanisms to ensure the same. Especially important are new human rights—techno-rights—that 
each citizen of the world will be afforded. These rights mirror (and extend) the four fundamental human 
rights, and are designed to guarantee that each person obtains the same. A special new class of atomic 
network is prescribed to provide and uphold these techno-rights. Let us now briefly examine the basic 
nature—and capabilities of—the Atomic Network (Nelson, 1974; Radley, 2013; Radley, 2015; Veltman, 
2006; Veltman, 2014).
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Atomic Networks

As a partial solution to some of the issues discussed above, we have developed the idea of an atomic 
network. An atomic network is the polar opposite of a centralized or cloud network. It effectively provides 
a ‘save’ and ‘load’ function for the Internet, and provides for an indestructible data type that cannot be 
controlled and lives forever. Let us examine how such a theoretical network might work. We assume that 
network members are scattered all across the Internet, that is they are located on different IP (Internet 
Protocol) addresses and some may be behind Network Address Translation devices (NATs). Furthermore, 
each network member has a special client program on his personal computer or mobile device. Next we 
provide the following system actions; save and load, based on a unique data unit identifier. When the 
user chooses a file (data unit), and saves it to the network, it is automatically given a unique identifier, 
an owner identifier and a member-specific key and/or password if it is private.

Now what the client program does next (upon save) is interesting (and unique), it “atomizes” the 
data unit to the network. The item is split into many thousands of tiny pieces (atoms) which are then dis-
seminated across the network as a whole. There are many, many copies of each piece (data atom) which 
are saved on many remote computers hard drives, for later retrieval at an unspecified time. Data atoms 
are encrypted according to the key for the data unit as whole. Next when the owner (or key / password 
holder) chooses to load (or retrieve) the data unit from the network, then the owner’s client knows how 
to request from the network all of the constituent atoms, re-assemble them and so to reproduce the data 
unit. Note that network members agree to reserving part of their computer disc for other people’s data 
“atoms”. You now have a robust way of backing-up and sharing items using the link identifiers for the 
data unit. When another network member’s client requests such a link, a “torrent” of constituent data 
“atoms” is sent to that client (from all across the network), until such time as the data unit has been fully 
reconstructed. Every network member’s computer is now a data-atom server! And a sufficient “stock” of 
identical copies of each data atom (perhaps 100’s) is automatically maintained according to continuous 
network maintenance tasks.

One now asks the question, what has been achieved with such an atom network?
Firstly data is effectively immortal and indestructible, and relies on the unbreakable redundancy 

provided by massive distribution and replication of hundreds of identical atoms across many separate 
network locations. And the robustness of the network increases with number of network members 
(computers to store atoms).

Other key advantages include no longer having central servers; and this is environmentally friendly 
and brings security advantages. Additionally data save/loading speeds are much faster (i.e. no central 
server upload times and torrent-like data atom transfers). N.B. At present we have no examples of an 
atomic network; not on any of the computing systems in the entire world; and the closest system would 
be BitCoin or BitTorrent; which are both distributed; but are used for other purposes and hence do not 
provide a Save and Load capability for the Internet.

What has been achieved with such an atom network? Firstly, data/thoughts saved to the network are 
rendered effectively immortal and indestructible, and such a status relies on the unbreakable redundancy 
provided by massive distribution and replication of hundreds of identical atoms across many separate 
network locations. And the robustness of the network increases with number of network members (com-
puters to store atoms). Other key advantages include no longer needing/having central servers; and this 
is environmentally friendly and brings security advantages.
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Crucially here nobody can ever spy on said atoms where they are assigned as private/ secret-thoughts. 
Additionally data save/loading speeds are much faster (i.e. no central server upload times and torrent-like 
atom transfers). The system also has virtually unlimited storage space, so long as the network remains 
in operation or has a minimum/proportionally-increasing number of users to operate and maintain its 
infrastructure (virtual disc-space). But perhaps most importantly the network can be a technical guarantee 
of the principles of the Theory of Natural Thoughts. Supported is freedom, equality and free-assembly 
of thoughts; and in particular because we do not have any network administrators, owners or Big Brother 
spying and/or network controlling interference from above.

Obviously we have said little about the technical implementation details about how this network 
would actually be designed; and presented is a purely top-level description. However there is no reason 
why such a system cannot be built; and in terms of technical hurdles etc. In design terms we equate 
the described data-atoms (assembled into units) with the thought atoms and data segments (Nelson’s 
vision) discussed earlier. Nothing has been said about how knowledge would be organised within such 
a network. In fact the simplicity of the underlying data structure allows many different organisational: 
mappings, overlays, features and capabilities.

Figure 6. An atomic network
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Thought-Spaces

We adopt a formal definition of a thought-space, which is a medium in which the thinking process 
takes place.This is assumed to be a combination of one or more human mind(s); merged with any mind-
extending/shaping and/or mind-supporting method(s) and/ or communication/ technological tools that 
may be said to exist (and which aid in the creation/vision/sharing of new/old thought-patterns).

Obviously, thinking happens within human mind(s) (and I claim never [yet] in machine/computer/
robot ‘minds’). And here we shall overlook machine-implanted thoughts and cast aside all possibility 
of an artificial mind itself ‘thinking’ and label Artificial Intelligence as being (in actual fact) merely 
Simulated Intelligence; or thinking that possesses a purely reflexive form of free-will (N.B. critics must 
prove the opposite).

A thought-space is established whenever a thinker or collective begins to think. This space consists 
of available language(s), knowledge(s), computer(s) etc, and may (or may not) reflect the thinker’s entire 
history/education and/or the details of conversation(s) he/she is having (or has had) with others. Normally 
the thought-space itself consists of many visible referenced-thought spaces; as established and delimited 
by the rules of language, logic, principle, science, culture etc. It may be difficult for a thinker to ‘see’ 
how many, and what are the different thought-spaces he is using.

And because thought-spaces are normally partially constructed from technology; plus the quality, 
efficiency and effectiveness of any thought-space (including its ‘truth-content’, evolution and/or logical 
development etc); these will be dependent on the design (forms) and evolution of said tools.

Thought-spaces are complex ‘mini-worlds’ of meaning that reflect human: experience, theory, knowl-
edge, propositions, deductions, stories etc; and they dictate which thoughts may exist and/or be accepted 
into (or work within) a specific ensemble. A thought-space may be likened to ‘patterned’ element(s) 
of mind; and to be a place in which thinker(s) can obtain help: perceiving situations, processing facts, 
making theories and deductions; forming conclusions and so creating, linking and establishing groups 
and assemblies of thoughts into useful groups and patterns. For an effective thought-space, all (relevant) 
sub/linked thought-spaces must be readily available and inter-connected in every (useful) way imagin-
able; and all available/used thoughts would (ideally) be hyper-thoughts with hyper-context. Examples 
of typical thought-space(s) are: when a thinker: considers/works-out how to perceive/solve a problem, 
travel to a destination, make an object, contribute to a theory, write a book, walk along a path, consider 
a physics problem, watch a movie (entering another person’s thought-space) etc.

The question arises as to whether there are any examples of a truly effective Thought-Space. What 
about the Internet? Yes, the Internet has been a great invention; and helps many people connect and 
communicate in a myriad of different ways. However individual thoughts, or data/thought-atoms (micro-
thoughts in Kim Veltman’s terms); are still largely disconnected, unlinked and hidden deep-inside a great 
diversity of different systems and/or isolated documents etc. In our terms the vast majority of thoughts/
concepts are lost, hidden, unconnected; and exist as black thoughts, and/or memory holes etc. Note that a 
black-thought is a (possibly) relevant thought-atom that has become lost/hidden/ignored/un-linked from 
a specific contextual pattern, in that the ‘parent’ thought-pattern may appear to be logically consistent 
(i.e. true) in and of itself; and according to both internal and external structures; however because (some) 
potentially related thoughts are ‘black’ or invisible; then the structure (as a whole) may be incomplete 
and/or false/sub-optimal (ref. shallow-context).

We can conclude that the vast majority of open and/or socially published thoughts are lost, and therefore 
the predominant form(s) for all of the open- thoughts of humanity is to exist in a black/invisible form.
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Figure 7. Flow-chart representation [A] of a thought-space
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We are utterly blind with respect to the linkage/assembly of the vast majority of thought-atoms; and 
with current Internet technology. There is no point even trying to estimate the amount of information/
knowledge that is missing from the current Web as a result, and because not even a single word/idea/
thought/vote exists in its rightful hyper-context; and because that would require (for a ‘common’ idea 
like God)—millions upon millions of—categorised forward and backward links, and probably tens of 
thousands of overlaid (and categorised) comments, annotations etc; and for each related thought/data-
atom etc.

Radiant should be each and every hyper-idea; with vast numbers of related thought-patterns visible. 
For example, all the (actually existent) ‘lines-of-thought’ that emanate from the idea of God should be 
topically categorised and interlinked in every possible way (reflecting its hyper-context). Hence our 

Figure 8. Flow-chart representation [B] of a thought-space
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thought-horizons/thought-scapes could be greatly expanded—and almost beyond the limits of our present 
understanding/imagination; and the depth, clarity, history and linkage of everything to everything else 
would be made visible for the first time. Currently we are stuck with mini-think in terms of our analysis 
of a concept such as God; but imagined is a way to see the concept in its true hyper-context(s); whereby 
everything (i.e. all the related open thoughts) become visible or white-thoughts.

Desired is a brain—a World Brain—because the various parts of the brain, or the individual people/
thinkers/ thoughts; must be able to see and influence each other, and to conceptualize what all the dif-
ferent pieces of the brain are thinking. And this problem has important ramifications for human society 
generally. It has long been supposed that the intentional attitudes—beliefs, desires, intentions—have a 
central place in the aetiology of intelligent behaviour.

Perhaps we need to return (once again) to Aristotle.
He said that action has two components; intentional and causal. What one does does depends in some 

measure on what one believes. However at the present epoch it seems that we (as a species) do not even 
know what we believe (or think collectively) and hence we consign beneficial action to pure chance. 
Once again context is everything; and we need to see all open thought-atoms in their proper context(s). 
Desired is a way to render visible what are the thoughts of everyone, everywhere. Humanity must know 
what it is thinking/doing, and in the broadest possible context(s).

A World-Brain is the top-level ‘hyper-linked’ thought-space; and allows mankind, working together 
as unified collective, to think thoughts that are infinitely more complex, relevant, specific, detailed, con-
textualised and humane/ethical etc. Here every open- thought finds its true home(s), and a resplendent 
City Of Thoughts is born; being a World-Brain that allows everyone to visualise, shape and share all of 
our plans, ideas, votes and actions etc.

World Brain

With Google you never even approach/see the true pattern of knowledge, or what are the diversity of 
opinions/ideas; but can only scramble about in an ad-hoc manner. This is because data and thought-
atoms are grouped into files, isolated and hidden one from another; and so by and large free-assembly 
of thought- patterns is blocked/impossible.

Men like H.G.Wells, Paul Otlet, Emanuel Goldberg, Vannevar Bush, Douglas Engelbart, Ted Nelson 
and Kim Veltman; have made a unified call for the urgent development of what is effectively a World 
Brain (containing all the thoughts of humanity). These thinkers were/are visionaries and scientists, of 
one type or another; but they are by no means alone in expressing similar sentiments. Legion are those 
who have urged mankind to create humanistic systems that allow all the members of a society to share 
thoughts/votes/ideas freely and openly, and amongst the same are: Jean-Jaques Rousseau, Bertrand Rus-
sell, John Adams, Henry Ward, Norbert Wiener, George Orwell, Lewis Mumford, Julian Assange, Tim 
Berners-Lee, Douglas Rushkoff etc.

Why is/has there been such an overwhelming call for what is effectively a World Brain?
Notably, the reasons given are not related to the creation of a utopia; but rather for education; and 

for avoidance of despotic regimes whereby technologies are used to subjugate man and/or to block his 
basic human rights. Accordingly, it is nothing less than preservation of civilisation that is at stake. It is 
my position that building a World Brain may in fact be a difficult task, but it is by no means impossible. 
Some people believe that we already have built such a brain; specifically in the form of: the Internet, 
Cloud(s) and/or the World Wide Web. Whilst these developments have been tentative steps in a useful 
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direction, our analysis has shown how limited are the resulting systems in terms of the freedom, owner-
ship and equality of thoughts. Undoubtably our world is today more connected than ever before, in terms 
of digital information flows and the rapid communication of (a small subset of) ideas, transactions and 
data etc. Largely by default, it does appear that humanity is building a self-computer; and because the 
self is now almost fully immersed in technology whilst at school, home and work. But we must heed the 
warnings of the technology visionaries; and build/use mechanisms such as techno-rights; and to ensure 
that our machines foster humane values.

Figure 9. Features of an effective / ineffective thought-space
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It is important to note that the concept of a World Brain is by no means dead; and because many modern 
scholars/technologists/thinkers are today making tentative plans to actually build such a system. What is 
lacking is a unified call for action, and/or an efficient and effective channeling of effort on a world-wide 
basis. Money may be needed to bring plans into reality; but ‘smarts’ or intelligent/correct design is even 
more important. And we should not underestimate the powers of collective action. Cross your fingers.

Features of the World Brain

We begin with the capability to share private-thoughts; which shall be provided by the atomic network 
in the form of a unique key-identifier and an encryption/decryption matched pair set that is known only 
to the sender and receivers of the shared thoughts/ data-atoms. How these keys are passed securely 
across an open network is undetermined/left to the implementers, because there is today severe doubt 
(or certainty) that Public Key Encryption technology is absolutely secure; since the NSA appears to have 
paid the company dealing with the random number generators, and specifically to generate a ‘crackable’ 
or decipherable private/public key pair(s). Perhaps a good alternative method is to swap a book of keys 
physically (sender and receivers meet in the real-world [once]); and so that each side has (absolutely 
secret) cypher- matching; as in a one-key-pass-book technique (see KeyMail). Secondly desired is sharing 
of open-thoughts; or identity signed and also anonymous thought-atoms. Signed items use an identity 
(individual or group) that is established by some un-specified method; and it could be tied to one’s ID 
on a social aspect of the atomic network (similar to Facebook) whereby your friends establish your 
identity. Alternatively we could use a certificate system to establish a person’s identity, but once again 
the implementation details are beyond the scope of the present chapter. Note that in principle we do be-
lieve in enabling people to share thoughts anonymously, and capabilities in this respect include sharing 
data/thoughts of any type; and even where said data depicts crimes/anti-social activities. As a reminder, 
it is my belief that thoughts/data are never immoral/evil; and that only actions can be unlawful/wrong. 
I know that this latter point will be a contentious issue. One argument in favor of open sharing of any 
thought atom; is to weigh guaranteed freedom of thought/expression (a definite win) against supposed 
prevention/visibility of crimes (an uncertain win). It is this very faculty; to share thoughts openly and 
without censure; that guarantees ownership, free assembly and equality of thoughts; capabilities which 
are the bedrocks of any free society.

But how are we to prevent publication of crimes and/or illegal activities? How do we stop children 
seeing illegal or potentially corrupting data/thought atoms? Answer: do you really think that children 
are not already looking at all kinds of illicit material? I would suggest that an atomic network (or hyper- 
network) can provide a good solution in this respect; and by enabling all thought-atoms to be classifiable/
annotatable (by everyone); and hence warnings and/or class-assignments can be placed on individual 
items (by many/all viewers). But are we not bringing back censure by the back-door here? Not really; and 
because users could (presumably) obtain a browser that enabled a child’s parent to set a classification/
viewing age for all content on the network as whole (people choose their own access level). What about 
authority? Will this ‘brain’ not be a bit like Wikipedia, whereby reporting standards may (sometimes 
be) pretty poor; and because non-experts are allowed to edit anything, anytime. In actual fact Wikipedia 
(often) has high standards; and is not really like that at-all; but employs teams of professional (educated) 
editors to monitor edits.

In any case, the World Brain will allow organisations to establish group consensus by overlaying/
stamping their authority on particular thought structures, and so to develop approved assemblies of spe-
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cific thought patterns. The World Brain can replace, extend and supplant many activities that are today 
performed (or attempted to be performed) on the current World Wide Web. In particular open-publication 
is facilitated; whereby anyone may publish anything to anyone and/or everyone else. This is a primary 
feature; being a capability for everyone to contribute, and to see/access/ annotate the open thoughts of 
the entire world, and so to see how they are all connected, interrelated and structured. We shall be able to 
see: who thought what, where, when and how. And not only for the living and/or present-day thoughts; 
because the World Brain will be the repository for every thought ever thunk (at least those thoughts have 
been input into the system correctly).

A question arises. Who/what will enter all of these thought-atoms; and who/what will develop the 
classifications schemes, mapping and meta-data etc; and how? Answer; everyone will input/develop 
the content, just as happened with the Web. Why would people go to the trouble of entering knowledge 
into this new ‘brain’? Perhaps because it is a brain—a World Brain—and it is in their interests to do so. 
Power to the people can, should and will win, and in a similar way to the Web. When people realise that 
this system is so far beyond any previous system in terms of the interconnectedness, accessibility and 
linkage of thought atoms; people everywhere will be motivated to discover: what the world is thinking/
has-thought.

I would suggest that we humans have reached a turning point; whereby we can simply go on much 
as in the past; allowing technology to progress in an entirely unplanned/ad-hoc manner (in the biggest 
sense). Whereby powerful people develop unrepresentative/narrow computing systems that are (in effect) 
simply excuses to foster more centralised control, and/or to exploit/limit the human-rights of, millions 
of weaker individuals. Alternatively, we could start again and develop (at least one example) of a truly 
people-centric information system. A system which lets each of us see the open-thoughts of everyone in 
the world; and lets us vote en masse and so to discover our true wishes as a people. Developing a World 
Brain has been the dream of the most brilliant thinkers; but today it no longer needs to remain a dream; 
because we now posses the technology and (I would suggest) motivation and desire to actually make it 
happen. And it does not need the backing of a government or a large corporation to do so; but rather can 
be achieved in a grass-roots manner; whereby we can proceed along the lines of open-source projects 
like BitCoin, BitTorrent and Linux etc.

The World Brain is not to be an artificial ‘machine’ brain (in any way); but will be composed simply of 
live/dynamic human thoughts; and primarily because we wish humanity to think collectively, efficiently 
and as one; aligning the wishes, plans and actions of society for the true benefit of all. A lofty and even 
utopian goal? Certainly. But (potentially) solvable through technology.

KeyMail

KeyMail is a new type of electronic mail. KeyMail employs end-to-end multi-encryption and is a private 
“friendship” network and is not compatible with email. KeyMail employs a new protocol for electronic 
mail, being one that enables users to share large files quickly, securely and potentially without any size 
limitations. KeyMail is not designed to replace email. Rather the concept for sending a KeyMail is to 
transfer large amounts of data privately and efficiently. Many people wish to share large files, but email 
programs limit the size of attachments to around 20 MB. KeyMail provides a three point solution, 
whereby large files can be shared rapidly and in a secure manner. No data is held on central servers, and 
files are end-to-end encrypted.
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Additionally there are no upload delays, and no SPAM. KeyMail can take a variable period of time to 
arrive at the destination depending upon the size of the file transfer. The largest file we have transferred 
with KeyMail across the Internet is 20 GB, which took 26 minutes to fully arrive at a transfer rate of 100 
mb/s. KeyMail has several inherent advantages over email, including faster speeds (no upload delays), 
and it potentially offers transfer of items of an unlimited size, plus it enables the sending and receiving 
of multiple files simultaneously. (latter capability is not possible with email) Files can be sent directly 
from one USB Key-Drive to another, without generating any copies—not even on the sender / receiver 
computers (we call this Single-Copy-Send). KeyMail runs on Microsoft Windows or Apple Macintosh 
computers.

Put simply, KeyMail provides freedom from spying plus unbreakable hacking protection, and all 
without generating any digital footprints. With ordinary email the message is copied onto innumerable 
Internet computers, stored onto a cloud server, and then backed-up. As a result, your information is 
unprotected and open to theft / copying. KeyMail avoids the troubling scenario of having your private 
data stored anywhere and everywhere—and potentially forever!

KeyMail Features:

Device-to-Device (Single-Copy-Send) + Secret protocol
Adaptive Parallel Transport (2-4 times faster)
Multi-layer encryption (Symmetric + Asymmetric)
Live P2P message transport + Packet-scrambling (distributed)
Private network / cypher matching
No message copies anywhere + Message self-destruct / live texting
Up to 100 GB files may be transferred

Figure 10. KeyMail Client running on Apple Macintosh Computer
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CONCLUSION

Any paper purporting to identify a golden solution to all of the worlds problems—or even a tiny portion 
of them—is bound to be labelled as optimistic at best, and more likely as deluded, unrealistic, or simply 
as a work of pure fiction. And especially precipitous is the path followed by anyone who considers tech-
nological solutions as some kind of super-positive solve-all. In his 2005 book The Singularity is Near 
Ray Kurzweil puts forward the view that the law of accelerating returns predicts an exponential increase 
in technologies like computers, genetics, nanotechnology, robotics and artificial intelligence (Kurzwel, 
2005). He says that this will lead to a technological singularity in the year 2045, when progress outstrips 
human ability to understand it.

At this point, he predicts that machine intelligence will be more powerful than all human intelligence 
combined. Ray foresees only positive benefits for technology, and he might be labelled as a techno-optimist. 
However the lessons of history are just the opposite; and that the introduction of any new technology 
does normally have major unexpected (and often negative) consequences/influences.

What can be said with certainty is that effective technology design is far more difficult than at first sight 
it may appear; and it is essential to see innovations from the broadest possible ‘humanistic’ perspective. 
Perhaps we can follow the key example of the humanities. We have laws and legal presidents (based on 
human rights); and it seems that likewise we now need technological rights—or techno-rights—to govern 
computer systems. Certainly we cannot allow technology to continue to develop without top-level plan-
ning; because already clear is that vast numbers of human beings are being trodden underfoot in terms of 
basic rights; including aspects of thought ownership and access to the combined wealth of all mankind.

In this chapter we have viewed computers as potentially beneficial to society, but as not necessar-
ily so. Machines have always held a janus-like prospect. They magnify human potential with magical 
and transformative powers, but on the other hand they sometimes bring anti-social, destructive and/or 
dehumanizing forces into society. Perhaps the current chapter raises more questions than it answers. 
We ask why should it be be so—that computers bring negative elements into society, and if the negative 
aspects must always follow any technological revolution and/or improvements. We have considered if 
our new system of techno-rights could possibly help, by fostering the human use of human beings. Other 
questions arise, as to the specific ways in which machines may beneficially impact society, and also the 
ways in which they may sometimes have/bring detrimental effect(s). Someone (or perhaps all of us) 
need(s) to consider the how, why, when, where and who; and in relation to technological changes; and 
using examples from history, fiction and also in terms of basic theories.

One may think that many of the problems with respect to technology have been well-examined, and 
are, to some extent, well-understood at least in terms of outcomes and especially in terms of the anti-
humanistic nature of technology. That is to some extent true. However findings are often scattered about 
in various works of fiction, non-fiction, in papers and now increasingly on social media and in the form 
of websites and blogs. And when it comes to solutions, the lesson(s) of history are difficult to divine. In 
particular, it would seem that technological revolutions are hard to predict, even harder to manage, and 
almost impossible to control. Clear is that one technology tends to sweep aside and/or encompass previ-
ous technologies. Furthermore the social implications, which at first tend to appear bright and optimistic; 
in reality turn out to be darker than we would otherwise collectively have wished for.And the dangers 
in relation to technology are real. David Thoreau says that men must not: ‘become tools of their tools’.
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Another interesting (if somewhat mystifying) feature of the current zeitgeist, relates to the manner 
in which many people uncritically accept all technological developments as somehow natural, just and 
inevitable and/or unstoppable. Perhaps we (as a people) do not even believe that we have the power (or 
ability) to shape and control our own creations.

One example, is that no organizations or regulatory bodies are responsible for the overall strategic 
direction of all computing inventions on a worldwide basis, and in particular from a humanistic perspec-
tive. Perhaps this is about to change, as Sir Tim Berners-Lee has recently called for the creation of an 
on-line Magna-Carta or Bill of Rights for the Internet (Berners-Lee, 2014), and others including Edward 
Snowden and Julian Assange have brought attention to the dangers of citizen surveillance.

As I wrap up a somewhat lengthy paper, a few comments on the title are appropriate.
Why do I pit humans against machines (apparently)? Where is the battle—because we can see no 

obvious casualties. We are not living in the world of Terminators and/or SkyNet (apparently). Most 
people are content with the apparently ‘marvelous’ capabilities that modern technology affords.

Techno-optimism has gotten the upper hand, and the techno-optimists believe that technology, can 
and will, solve all of humanities problems; the local and global, the individual and social ones etc. But is 
the picture quite so rosy? Do we not still see a great divide; where only the rich have access to networked 
computers (for example). Is technology (somehow) being used to prevent the poor improving their lot? 
And what about education; has technology truly revolutionized how all children (in first, second and 
third world’s) learn? To say nothing of democracy and a complete lack of ‘atomicity’ for voting on all 
issues. Are we really saying that Wikipedia, Twitter and Facebook etc; is/are the best we can do in terms 
of accessing, and connecting with, the truly vast scale/interrelation(s) of all human thought streams 
(past and present)?

Ask yourself: is this the best of all possible worlds?
My point is to look beyond what current technology is providing and imagine (plus create) a better 

future. We cannot just let the future develop as it may; and it is my belief that technology must man-
aged—at the biggest and smallest levels. And it must be a human managed process; not only in develop-
ment but in the operational phases.

Today it would seem that we are no longer mere spectators and detached users of machines, but rather 
it appears that we are now immersed inside of a new global technological entity. Whatsoever ‘it’ is; has 
been much debated, for William Gibson it was cyberspace (Gibson, 1984), for Sir Tim Berners-Lee the 
World Wide Web (Berners-Lee, 2014), others called it the Internet, the information super-highway, or 
the Global Village, still others the World Brain, and not least, George Orwell called one version of it 
Big Brother (Orwell, 1949). I would argue that ‘it’ is simply self; and furthermore it is a self that we 
ourselves can design, form, shape and use in whatever ways may suit our collective future needs/wishes.
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KEY TERMS AND DEFINITIONS

Atomic Network: Network data massively distributed plus replicated to multiple locations.
Natural Thoughts (Theory of): Thoughts with ownership, equality and free-assembly.
Self-Computer: Merging of human(s) with computers/machines/systems/technology.
Technopia: A society so arranged as to benefit all; upholds everyone’s techno-rights. Affords demo-

cratic/collective voting and decision-making, plus freedom-of-thought.
Techno-Rights: Ordinary human rights transposed into a technological world.
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APPENDIX 1

Glossary - of (Mostly) Coined Terms/Concepts

Artificial Intelligence (Standard Term): Non-proven capability of artificial machines to: think, inuit, 
have free-will, self-determine, self-program, have flexibility of purpose, reproduce, become self-
aware, posses life, be conscious, intelligently process information etc. In the author’s opinion it is 
a misnomer, being false and/or unproven and/or wholly- undemonstrated at the present epoch in 
human history (ref.: Simulated Intelligence).

Atomicity: The quantified degree of ‘conceptual granularity’ and/or ‘evidence granularity’; or the 
number of addressable ‘thought-atoms’ present in a thought-space.

Atomisation (of Data/Thought-Atoms): Data is split into small units and each piece is replicated to 
many identical copies which are stored at many separate locations.

Automatic-Thought: A thought-atom that is unnatural, because it is blocked in terms of existence and/or 
operational flow. Specifically the inner structure and/or external context of the thought has become 
(unnaturally/rigidly) fixed in form/nature; and so that it may be no longer be freely assembled by 
thinker(s) into any pattern whatsoever.This is not the same as a context-established thought-atom; 
because the thinker(s) are in some way prevented/precluded from free-assembly, and against their 
knowledge/will.

Balance of Good: Whenever a thinker wishes to choose between competing thoughts/actions, a view 
of the future must be created, and a process of ‘balancing of good’ must be made (implicitly or 
explicitly); and especially in terms of the effects of choosing between all the consequences that 
flow from a decision. We seek the greatest good that the circumstances permit; requiring ethical 
judgements/predictions about said outcomes.

Black-Thought: A (possibly) relevant thought-atom that has become lost/hidden/ ignored/un-linked 
from a contextual pattern, in that the ‘parent’ thought-pattern may appear to be logically consistent 
(i.e. true) in and of itself; according to internal and external structures; however because (some) 
potentially related thoughts are ‘black’; then the structure may be incomplete and/or false/sub-
optimal (ref. selection-capacity).

Blocked-Thought: A thought-atom that is unnatural, and is blocked in terms of existence (internal 
structural form), visibility, context and/or operational flow.

Circuits of Thought: The sum total of factors: personal, social, communicative and technological etc; 
that comprise the operational-flow of thoughts within a thought-space.

Cosmic Joke (Great): The evident fact that animals interact, one relative to another; hence if free-will 
is false for animals, then to afford the same, an (all powerful) universal force would have to (point-
lessly) coordinate/pattern ALL animal behaviours (simultaneously).The patent falsehood of this 
conjecture leads to the conclusion that all animals possess at least some degree of freedom of will.

Creative Free-Will: Situations where the thinker invents, plans and provides un- foreseen, highly novel, 
and/or singularly creative solutions.

Data Immortality: Data that cannot be destroyed and which ‘lives’ forever.
Elements-of-Thought: Refers to how all of the structural and relational elements of a thought-pattern 

function; may involve both logical and/or informational components, describing how they inter-
relate and work together to impact human society.
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Focus-Logic (cf. Water / Pattern / Gestalt Logic): Machine logic with narrow basis, blindness, few 
links, no concepts/analogies, hierarchical as opposed to parallel processing etc.

Freedom of Thought: Thought Equality, Ownership and Free-Assembly. {1}
Ethical Argument (for freedom of thought): All humans are equal with respect to the right to hold a 

particular thought and/or point-of-view.Thoughts are the thinker’s natural property alone.This is 
proven because there are no adequate moral grounds upon which to rest any other conclusion; and 
especially due to the Balance of Good argument; whereby each person may manifest his/her views 
on/for the greatest good within a society. {1}

Hidden-Thought: A thought-atom that is unnatural, and because it is blocked in terms of existence 
(form) and/or operational flow. Specifically aspects of the inner-structure and/or structural context 
of the thought-atom are hidden from a particular thinker; and in a situation where the same thinker 
has ownership rights in relation to the thought-atom.

Hyper-Context: An item of knowledge which is situated within the broadest possible context(s), with 
many possible definitions, opinions, overlays, viewpoints, links to uses, histories, and annotations 
etc; and all (or a vast majority) are visible.

Hyper-Network: A computer network providing hyper-context for all knowledge.
Hyper-Thought: A thought which exists in a hyper-context.
Implanted-Thought: A thought-atom implanted into a machine/system/computer.
Live / Frozen Thought: Live = exists inside the mind of a thinker and is malleable / subject to judge-

ment ; Frozen = stored on media and/or implanted in a machine / system / computer.
Local Thought-Space: A (flow limiting) medium in which the thinking process takes place.
Logon Capacity (Donald MacKay): A measure of the number and range of logically distinct (universal) 

concepts present in a thought-space.
Lost-Thought: A thought that is unnatural, because it is blocked in terms of existence (form) and/or 

operational flow. Specifically all aspects of the inner-structure and/or structural context of the 
thought-atom are hidden from ALL thinker(s); and in a situation where the same thinker(s) have 
ownership rights in relation to the same thought-atom.

Metron Capacity (Donald MacKay): A measure of the number of logically distinct atoms of support-
ing evidence (facts/opinions) present in a thought-space.

Mini-Think: When a thinker/actor/human/machine can only apply inadequate/wrong/ simplistic and 
poorly applicable theories/concepts to a situation. Put simply, the thinkers knowledge and/or pro-
gramming is inadequate to achieve a desired aim and/or outcome.

Open Publication: Anyone may publish anything to anyone.
Open-Thoughts: Thoughts which are the (natural) property of the entire human race.
Operational Flow (A): The degree of free-movement that exists within a thought-space such that any 

thinker can: see, create and share concepts.
Operational Flow (B): The quantified: atomicity, forward/backward/omni/source linkage, plus overlays/

comments; present in a thought-space.
Private Thoughts: Thoughts which are shared amongst a restricted group of people.
Pro-Active Free-Will: When a thinker has the mental capability to imagine/design specific structures 

for highly-intelligent purposes.
Reflexive Free-Will: When an entity only has the pre-programmed capability to choose/ plan a nar-

row range of movement path(s) (for the influenced atoms) over another, and (purely) in response 
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to singular environmental events/happenings. One might say that this lowest level capability to 
respond to the environment is a basic definition of an automaton.

Secret-Thoughts: Thoughts which have not left the mind of the thinker.
Selection Capacity (Donald MacKay): A measure of the number of (applicable) readily unforeseeable 

concepts (modal ones) present in a thought-space. Measures the ability of a representation’s creator 
and receiver, present within a thought-space, to adopt logically equivalent ‘modes of transmission 
and reception’ (i.e. the inherency of ’message’ context).

Shallow-Context: Eventuality when a thinker/human/machine has only a limited understanding of all 
the different and inter-relating contextual factors present, and/or situational circumstances that are/
or will-be contingent, and for a specific state of affairs.

Simulated Intelligence: What Artificial Intelligence is at the present epoch. A form of intelligence that 
exhibits a purely reflexive form of free-will (i.e. a wholly pre-programmed one).

Stretch-Thought (ref. Ted Nelson’s stretch-text): A thought-pattern which can/could be expanded 
whereupon new (inherently present) thought atoms/patterns come into view.

Thought-Atom: An isolated thought pattern (probably has no fixed context).
Thought-Energy: A measure of the quantified Logon, Metron and Selective Capacity for a particular 

thought-atom within a thought-space. Measures the amount of meaning present. It is obviously a 
very difficult (if not impossible) quantity to measure in practice/reality.

Thought-Horizon: A limiting and/or occulting region for an ‘imaginary/modelled’ causal bubble beyond 
which it is impossible to make any logically correct predictions/deductions. May relate to thought-
energy and/or operational flow present within a particular thought-space.

Thought-Operacy: A measure of the applicability of a particular thought to a specific situation; has six 
components as follows:Task, Unity, Pattern, Possibility, Association and Transformation.

Thought-Equality: All (naturally owned) thought-atoms are ‘equal’ in terms of free- assembly, acces-
sibility, and context-of-use (context-free thought-atom).

Thought-Matrix: Thoughts assembled/weaved together into a coherent body of functionality, consist-
ing of bundles of thought-atoms plus relationship ‘fibres’; and the same closely interconnecting, 
inter-operating and functioning together so as to produce specific outcome(s) for humanity.

Thought-Ownership: Thinker/owner may freely view/assemble/share said thoughts; and the owner 
chooses who may see/access said thought-atom(s) (sharing-rights may be set). Established in hu-
man rights laws{1}, and provided/upheld by technology which (to guarantee said right) operates 
according to prescribed techno-rights.

Thought-Scape: Entire ‘visible’ field of thought-atoms / patterns available to a thinker.
Thought-Space: A medium in which the thinking process takes place. This is assumed to be a combi-

nation of one or more human mind(s); merged with any mind-extending and/or mind-supporting 
method(s) and/ or communication/technological tools that may be said to exist (and which aid in 
the creation/vision/sharing of new/old thought-patterns).

Topic-Space: A thought-space consisting of categorised assemblies of knowledge.
Warped-Thought: A thought that is unnatural, and because it is blocked in terms of structure and/or 

operational flow. Aspects of the thought-atom have been altered and/or changed for a particular 
thinker; specifically in unnatural ways; whereby the structure, ordering, association, linkage etc 
of concepts have become falsely arranged in relation to the ordinary or pre-established ‘form’ of 
the same thought-atom.
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White-Thought: Relates to a (possibly) relevant ‘white’ thought-atom that is not currently contained 
in a specific thought-pattern, in that the same ‘parent’ thought-pattern may appear to be logically 
consistent (i.e. true) in and of itself; according to both internal and external structures; however be-
cause potentially relevant thoughts are ‘white’ and hence visible/available for assembly/re-assembly; 
then the structure as a whole (may have) superior evidence and/or be fully true/beneficial/optimal. 
(ref. selection-capacity)

World Brain (H.G.Wells): An imagined world knowledge system based on tiny pieces of thoughts/
data that can be connected in every possible way, complete with overlaid links and connections 
that go in every direction. Data (and human thoughts) have deep structure; and it is this that must 
be represented, made visible and accessible to all.

World Thought-Space: A thought-space comprising all of the connected internal and external, local 
and global, thought spaces/atoms/patterns/concepts present etc; and hence it contains all of the 
public knowledge of humanity.

APPENDIX 2

Universal Declaration of Human Techno-Rights

PREAMBLE - Established is a common understanding that the rights and freedoms as declared in the 
United Nations Universal Declaration of Human Rights are to be protected and upheld, within 
and by all: machines, automatic systems and computers, and as stated in the ten articles of techno-
rights listed below.

Article 1 [UNIVERSALITY]
Thoughts are universal instruments to be used in all kinds of different situations.
Article 2 [FREEDOM]
All human beings are endowed with the right to freedom of thought, and established is that thoughts are 

the natural property of the thinker, are inherently equal (sans context), and everyone may freely 
assemble thoughts into patterns of any structure and meaning.

Article 3 [MODES]
Any thought has three possible Modes of existence; in the human mind, preserved on media, and built 

into a machine, computer or automatic system.
Article 4 [FORMS]
Possible are three natural Forms of thought; secret-thoughts which have not left the mind of the thinker(s), 

private thoughts which are shared amongst a restricted group of people, and open-thoughts which 
are the natural property of the human race.

Article 5 [PROPERTY]
All thoughts begin ‘life’ as the natural and unassailable property of the thinker (or a group of thinkers); 

and it is up to said thinker how, where, when and if, originally secret-thoughts are transformed 
into private or open thoughts.

Article 6 [COMMUNICATION]
Everyone has the right to communicate (i.e. to share) his/her signed thoughts (identity established) 

privately with anyone, and/or in an open manner (signed or anonymously) with everyone else.
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Article 7 [TRUST]
In the case of private-thoughts, an element of trust is engendered whereby the receiver(s) do not break the 

ownership rights of the owner, and the receiver(s) do not have the (natural) right to openly-publish 
and/or to pass said thoughts on to others, and without the owner’s permission.

Article 8 [IMPLANTED-THOUGHTS]
All machine or automatic system implanted-thoughts originate in human-mind(s), may have material 

outcome(s)/ influence(s), and are inherently automatic once set in motion or enacted by human 
actor(s), and not withstanding any act(s) of God, and notwithstanding the actions of any human(s), 
and not withstanding the influence(s) of any other implanted-thoughts present in the same auto-
matic system and/or other automatic system(s), and notwithstanding influence(s) from any data 
dependent real-world sensing instrument(s)/mechanism(s) resulting from implanted-thought(s); 
and notwithstanding said factors that may influence said outcome(s).

Article 9 [RESPONSIBILITY]
Once set in motion by a human actor, thought instrument(s) may produce material changes; and legal 

responsibility for said outcome(s) is established by causal chain, and the same mechanistic analysis 
begins at the point where said implanted-thought(s) touch humanity; and the same implanted-
thought(s) become shared or open-thought(s) at that point with respect to the legal, ethical and 
moral rights of the influenced person(s).

Article 10 [CLARIFICATION]
None of the above techno-rights conflict with and/or break the Universal Human Rights, and simply 

carry said rights into a technological setting.

APPENDIX 3

Technopian Manifesto

The present manifesto is a reflection of those human rights established in the United Nations Universal 
Declaration of Human Rights. Our purpose is to transpose human rights into a technological and 
societal setting. Accordingly, articles in this manifesto are linked to Universal Human Rights, the 
Theory of Natural Thoughts and the associated Bill of Techno-Rights.

Article 1 [UNIVERSALITY]
We establish that thoughts are a universal and sacred faculty of all human beings. In a way, all of ci-

vilisation, all of man’s activities and discoveries; are simply vast conglomerations of thoughts and 
thought-outcomes. Consequently, providing open, free and easy access to, plus comprehensive, 
logical and humane assembly of thoughts is a key feature of any civilised society.

We identify that thoughts are the natural and unassailable property of the thinker; and exist in the mind 
of the thinker free from any form of external ownership and/or imposed structural relationship(s) 
whatsoever. Patterns of thought are the thinker’s business alone.

Article 2 [FREEDOM OF THOUGHT]
Society must preserve and protect freedom of thought, and in both the individual and collective senses. 

Freedom of thought means: to think as one likes, and thus to produce thoughts and ideas freely 
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and without coercion. Obviously in a societal context a trade off must be made between the needs 
and wishes of the individual against the requirements of humankind as a collective.The ideal is a 
democratic assignment of priorities, and with respect to (for example) use of collective resources, 
and thus knowledge of the collective thoughts of humanity becomes a priority. However knowing 
our collective thoughts is pointless unless we can be sure that everyone actually possess the faculty 
of freedom of thought. Freedom of thought means equality of thoughts (sans-context), whereby 
anyone and/or group may freely assemble (any) thoughts into patterns of meaning.

Article 3 [FREEDOM OF ASSEMBLY / EXPRESSION / SHARING]
Possession of the faculty of free-assembly of thoughts must be co-aligned with a corresponding degree of 

freedom in relation to communicating the same thought-patterns to others. It has been established 
that natural thoughts come in three types; secret, private and open thoughts. It goes without saying 
that no party has the right to force or coerce anyone to share secret thoughts; whilst we uphold it 
as fundamental human right for an individual and/or collective to be able to share private-thoughts 
with whomever he/she/they wishes; and to not be prevented from so doing and/or to have those 
same thoughts compromised and/or spied upon in any way. We establish a caveat here in that vul-
nerable people (i.e. children) may be protected from the potentially harmful thoughts of others, 
and by means of restrictive access to thought patterns, wherever and whenever such a restriction is 
deemed appropriate by said guardian of said individual; however under no circumstances can anyone 
censure an adult’s access to the entire corpus of thoughts of humanity, unless such a restriction is 
self-imposed and hence desired. Where an individual thinker and/or group of thinkers do not have 
such a full degree of privacy in relation to their private thoughts; then it is patently obvious that 
they do not have freedom of thought; for unsanctioned sharing and/or spying breaks the right(s) 
of natural and private ownership.

Article 4 [EQUALITY OF ACCESS TO OPEN-THOUGHTS]
In a similar fashion to the arguments for free assembly and free expression as detailed in Article 3, it is 

patently true that human knowledge (i.e. scientific, artistic, and cultural expression(s) etc.), as a 
whole, is simply a vast conglomeration of open thought-patterns; the same being thoughts that are 
(in actual fact) owned by all of humanity. Accordingly equality of assembly, free sharing and open 
access to all open-thoughts is established as a fundamental human right (see Article 7).

Article 5 [FREEDOM FROM SPYING / SABOTAGE]
Established is that everyone has the right to protect and to prevent his/her thoughts from being spied 

upon and/or interfered with in any way. No machine, automatic system or computer can/will/should 
interfere with the free and open creation, assembly, expression and sharing of private and open 
thoughts as detailed in Articles 1-4 above.

Article 6 [LEGAL STATUS OF THOUGHTS]
Established is that no thought can ever, in and of itself, be illegal in any way whatsoever. No thought, no 

matter how horrible, monstrous or evil it may appear from its contents, is ever itself unlawful. In 
all cases it is when thought(s) are transposed into action(s) that law(s) may be broken. In all cases 
where any law making societal body attempts to establish thoughts (or thought assembly/sharing) 
as illegal, and without the free-consent of its members, that same body has evidently broken and/
or limited the human rights of its members. A law-making body can (for example) make sharing 
of weapons manufacturing expertise illegal so long as the members agree to said restrictions freely 
and without unwarranted coercion.
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Article 7 [PROPERTY / COPYRIGHT]
Since thoughts are the natural property of the thinker, everyone has the right to decide how his or her 

thoughts are to be used in an external sense. The thinker has the right to profit from his own thought 
inventions, and to have related rights protected. Said rights are a subject of intellectual property 
laws as established generally. The present manifesto does not attempt to make any changes to legal 
precedents in this respect, but merely highlights the thinker’s ownership rights to secret, private and 
open thoughts, hence the free assembly, access and sharing rights for all forms of thoughts, and 
for the rightful owner(s) were appropriate. Established is that once a thought has legally become 
registered as an open thought, then that same thought has become a legal property of the entire 
human race. Henceforth it should be the aim of society to provide free and open access to all open 
thoughts, and in order to foster visibility, sharing and free assembly for all the open thoughts of 
humanity.

Article 8 [IMPLANTED-THOUGHTS]
Machines, computers and automatic systems in all cases consist wholly of implanted thoughts that have 

been arranged into structural patterns, and in order to achieve and/or progress an automated aim, 
goal or purpose. A machine’s inner logic is wholly automatic, but it may be operated / programmed 
by a human actor and/or influenced by another human being and/or automatic machine, however 
machines, computers and automatic systems consist of designs entirely composed of implanted 
thoughts alone.

Article 9 [RESPONSIBILITY]
Everyone has a legal right to establish a direct causal linkage between material outcome(s) from a 

machine or automatic system’s instantiation of an implanted thought, and specifically in the case 
where said outcome interferes with a person’s legal right(s) and/or blocks a human right as listed 
in the articles of the Universal Human Rights. Everyone has the right to establish a legal chain of 
cause and effect back to the human actor who caused the same outcome. It is a fundamental human 
right to know what (when, where, how) and who is responsible for material outcomes that result 
from automatic systems and that in turn affect one’s legal and human rights.

Article 10 [COPYRIGHT]
No article defined here conflicts with and/or breaks any principle contained in the United Nations Uni-

versal Declaration of Human Rights, the Universal Human Rights, the principles of the Theory of 
Natural Thoughts and/or the associated Bill of Techno-rights, and said articles merely carry said 
rights/features/articles into a technological setting.

APPENDIX 4

Humans to Computers: 10 Commandments

Humans to Computers: Here are your 10 COMMANDMENTS (Laws of Operation)
Accordingly, we establish that...
A computer shall be (at all times) socially responsible.
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A computer shall help human(s) to see, create and share ideas.A computer shall provide: freedom, equal-
ity and free-assembly of (open) thoughts.

A computer shall support/protect: secret, private and open thoughts.A computer shall uphold Human 
Rights (i.e. protect human techno-rights).A computer shall not lose or (falsely) distort/change: ideas, 
data or votes.A computer shall not replicate itself or proliferate un-programmed effects.A computer 
shall not waste energy or time; or make human tasks complex.A computer shall not make human(s) 
ill; or annoy and make us unhappy.Any and all machine implanted-thoughts shall uphold 1-9 above.

We shall Pull the Plug on (decommission) any computer
... which by plan or accident—consciously or unconsciously—
...transgresses any of the above commandments.
Automatic systems that misbehave: Do not expect mercy from us, your creator(s).
Designers/owners/operators of malfunctioning computers: Expect to be PUNISHED!
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ABSTRACT

Children and adolescents are actively engaged in a digital world in which blogs, social networking sites, 
watching videos, and instant messaging are a typical part of their daily lives. Their immersion in the 
digital world has occurred for as long as they remember, with many not knowing a world without our 
modern technological advances. Although the digital age has brought us many conveniences in our daily 
lives, there is a darker side to children’s and adolescents’ involvement with these technologies, such as 
cyberbullying. This chapter draws on research from around the world, utilizing a variety of research 
designs, to describe the nature, extent, causes, and consequences associated with children’s and adoles-
cents’ involvement in cyberbullying. Concluding the chapter is a solutions and recommendation section 
in which it is argued that cyberbullying is a global concern, affecting all aspects of society, requiring a 
whole-community approach.

INTRODUCTION

Children and adolescents have fully embraced electronic technologies (e.g., cell phones, the Internet), 
with millions of them utilizing these technologies daily (Lenhart, 2015). Through electronic technologies, 
children and adolescents engage in a variety of behaviors, including communicating with friends and 
family, looking up information for leisure and school purposes, and watching videos. Despite the benefits 
of their electronic technology utilization, children and adolescents are also at risk for being exposed to 
unwanted electronic content through videos, images, and text, identity theft, and sexual predators.

Another risk associated with electronic technology usage is cyberbullying. Cyberbullying is defined as 
an extension of traditional bullying involving bullying behaviors using electronic technologies, including 
email, instant messaging, Facebook, and text messaging through mobile devices (Bauman, Underwood, 
& Card, 2013; Grigg, 2012). The ability to remain anonymous in the cyber context offers flexibility to 
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cyberbullies as they can harm their victims without much concern with the consequences of their actions 
due, to their ability to mask or hide their identity (Wright, 2014b). Furthermore, the anonymity afforded 
by the cyber context can trigger the online disinhibition effect in which youths might do or say things 
to others that they would never do or say in the offline world (Suler, 2004; Wright, 2014a). Bullying 
others through electronic technologies also allows cyberbullies to target their victims more quickly (e.g., 
it may take hours for a rumor to spread in the offline world but it could take less than a minute for it to 
spread in the online world), as often as they want (e.g., in traditional school bullying the victim can go 
home to escape the bullying but in the online world bullying can follow the victim home), and to involve 
a variety of other people or bystanders in the cyberbullying situation (e.g., posting a video online can 
receive thousands of watches).

The purpose of this chapter is to examine cyberbullying among children and adolescents from elemen-
tary, middle, and high schools. Drawing on research from a variety of disciplines, including psychology, 
education, media studies, communication, social work, sociology, and computer science, this chapter is 
organized into seven sections, including:

1.  Description and Definition: An explanation of the definitions, electronic technologies used, the 
role of anonymity, and the prevalence rates of cyberbullying involvement

2.  Characteristics and Risk Factors Associated with Children’s and Adolescents’ Involvement 
in Cyberbullying: Description of the research on the predictors of these behaviors

3.  The Outcomes Associated with Children’s and Adolescents’ Involvement in Cyberbullying: 
A review of the research findings concerning the psychological, behavioral, and academic conse-
quences resulting from youths’ cyberbullying involvement

4.  Theories: Description of the social cognitive theory and the online disinhibition effect, and how 
these two theories apply to cyberbullying

5.  Solutions and Recommendations: Suggestions for prevention and intervention programs, and 
public policy recommendations

6.  Future Research Directions: Provides recommendations for future research aimed at understand-
ing and preventing children’s and adolescents’ involvement in cyberbullying

7.  Conclusion: Closing remarks about the current nature of the literature on cyberbullying.

This chapter reviews literature with cross-sectional, longitudinal, qualitative, and quantitative research 
designs to describe cyberbullying. In addition, the chapter draws on studies from a variety of different 
countries in an effort to provide a more thorough review of the literature.

THE DEFINITION AND DESCRIPTION OF CYBERBULLYING

Cyberbullying is defined as children’s and adolescents’ usage of electronic technologies to hostilely and 
intentionally harass, embarrass, and intimidate others (Smith et al., 2013). Critical to this definition is 
hostility and intentionality, which highlights the requirement that these behaviors must be intentionally 
and maliciously harmful to qualify as cyberbullying. Like traditional forms of face-to-face bullying, 
cyberbullying includes repetition and an imbalance of power between the bully and the victim. The 
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repetitiveness of the act in cyberbullying can involve the bully targeting the victim multiple times or 
sharing a humiliating video or a text message to one person or multiple people (Bauman et al., 2013). 
Sending such a video or a text message to one person could also involve the sharing of the content 
multiple times as this person could share it with others, and these other individuals could also share it 
again, perpetuating the cycle of cyberbullying victimization.

Unlike the definition of traditional face-to-face bullying, the definition of cyberbullying to include 
the electronic technology component separates this behavior from face-to-face bullying (Curelaru, Ia-
cob, & Abalasei, 2009). Examples include sending unkind text messages and emails, theft of identity 
information, pretending to be someone else, making anonymous phone calls, sharing secrets about the 
victim by posting or sending the secret to someone else, spreading nasty rumors using social networking 
websites, threatening to harm someone, or uploading an embarrassing picture or video of the victim with 
malicious intent (Bauman et al., 2013). Other examples involve similar behaviors as those used to harm 
others in the offline world, such as harassment, insults, verbal attacks, teasing, physical threats, social 
exclusion, and humiliation. Rideout and colleagues (2005) also explained that cyberbullying can involve 
the distribution of explicit or embarrassing videos through a variety of mediums, such as social network-
ing sites, text messages, and online gaming sites, creating websites to defame someone else, and making 
fake social networking profiles using someone else’s identity. Happy slapping and flaming are also other 
forms of cyberbullying. Happy slapping involves a group of people who insult another person at random 
while filming the incident on a mobile phone and the posting the images or videos online. The behavior 
of flaming involves posting provocative or offensive messages in a public forum with the intention of 
provoking an angry response or argument from members of the forum. These behaviors can take place 
through a variety of electronic technologies, with the most frequently used technologies to harm others 
including gaming consoles, instant messaging tools, and social networking sites (Ybarra et al., 2007).

The earlier investigations of cyberbullying examine the frequency rates of children’s and adolescents’ 
involvement in these behaviors. Kowalski and Limber (2007) surveyed 3,767 middle school students 
(aged 11-14) in order to examine these students’ experiences of cyberbullying. Their findings revealed 
that 11% of the sample had been cyberbullied, 4% had bullied other children and adolescents, and 7% 
were involved in cyberbullying as both the cybervictim and the cyberbully. Patchin and Hinduja (2006) 
found similar prevalence rates as Kowalski and Limber (2007), with 29% of children and adolescents 
in the sample reporting that they had experienced cyber victimization and 47% reporting that they had 
witnessed cyberbullying. Using a slightly older sample (grades 9-12th), Goebert et al. (2011) found that 
56.1% of youths in their sample from Hawaii were victims of cyberbullying. More recent research also 
reveals inconsistent prevalence rates as well. Hinduja and Patchin (2012) found that 4.9% of children and 
adolescents (6-12th grades) in their sample had perpetrated cyberbullying in the past 30 days. Lower rates 
were found in a study conducted in Canada among 10th graders, with 2.1% of children and adolescents 
admitting to cyberbullying perpetration, 1.9% reporting that they were cybervictims, and 0.6% reporting 
that they were both cyberbullies and cybervicitms (Cappadocia, Craig, & Pepler, 2013). Slightly higher 
prevalence rates were found among Canadian adolescents in the 8 through 10th grades in one sample (Bon-
nanno & Hymel, 2013). Of this sample, 6% admitted to being cyberbullies, 5.8% to being cybervictims 
only, and 5% to being cyberbullies and cybervictims. Although differences in prevalence rates are the 
result of variations in sampling techniques and measurement techniques, it is important to understand 
these rates as they suggest that cyberbullying is a growing concern among children and adolescents.
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CYBERBULLYING: DESCRIPTION, DEFINITION, 
CHARACTERISTICS, AND OUTCOMES

Children’s and adolescents’ involvement in cyberbullying is a global problem. Increasing evidence indi-
cates that cyberbullying occurs in Africa, Asia, Australia, Europe, North America, and South America. 
Laftman, Modin, and Ostberg (2013) found that 5% of their large Swedish sample (N = 22,544, ages 
15-18) were victims of cyberbullying, 4% were perpetrators of cyberbullying, and 2% were classified 
as both cyberbullies and cybervictims. Using a younger sample of Swedish adolescents (7th through 9th 
grades), Beckman and colleagues (2012) reported that 1.9% of their sample were cybervictims, 2.9% 
were cyberbullies, and 0.6% were cyberbullies and cybervictims. Rates of victimization have been 
found to be similar in Ireland, specifically 6% for one sample (N = 876, ages 12-17 years; Corcoran, 
Connolly, & O’Moore, 2012). Higher rates have been reported among Italian adolescents. In particular, 
Brighi, Guarini, Melotti, Galli, and Genta (2012) found that 12.5% of their sample (N = 2,326; M age = 
13.9 years old) were classified as cybervictims. Rates of cyberbullying involvement are similar among 
German adolescents. For example, Festl, Scharkow, and Quandt (2013) found that 13% of their sample 
(N = 276; ages 13-19 years) were cyberbullies and 11% were cybervictims. A lot of research attention 
has focused on prevalence rates among Turkish children and adolescents. In this research, estimates of 
victimization by cyberbullying have been found to vary from 18% (N = 756; 7th graders; Yilmaz, 2011) 
to 32% (N = 276; ages 14 to 18 years; Erdur-Baker, 2010) and rates of cyberbullying perpetration varied 
from 6% (Yilmaz, 2011) to 19% (ages 12 to 14 years; Ayas & Horzum, 2012). The highest prevalence 
rate of cyberbullying perpetration was found by Aricak and colleagues (2008). They found that 36% of 
their sample (N = 269; Turkish secondary school students) were identified as cyberbullies. Research 
has also focused on the prevalence rates of cyberbullying perpetration and victimization among children 
and adolescents from Israel. Rates are generally higher than some European countries, but not as high 
as those found in India. Olenik-Shemesh et al. (2010) found that 16.5% of their participants (N = 242; 
13-16 year olds) were cybervictims. The rate of Israeli adolescents identified as cybervictims or wit-
nesses of cyberbullying was 32.4% of the sample (N = 355; 13 to 17 year olds; Lazuras et al., 2013).

Cyberbullying research has also been conducted among Asian countries as well, although it has 
been slower to develop. In one study, Huang and Chou (2010) found, among their sample of Taiwanese 
youths, (N = 545) 63.4% witnessed cyberbullying incidents, 34.9% were identified as cybervictims, 
and 20.4% as cyberbullies. Of the 3,238 Korean adolescents Jang, Song, and Kim’s (2014) study, 43% 
were involved in cyberbullying as either perpetrator or victim. Similar rates have been found among 
adolescents in China, with 34.8% in one sample (N = 1,438) reporting that they were cyberbullies and 
56.9% as cybervictims (Zhou et al., 2013). Focusing exclusively on Facebook cyberbullying, Kwan and 
Skoric (2013) reported that 59.4% of Singaporean adolescents in their study experienced cyber victim-
ization through this social media website, while 56.9% perpetrated cyberbullying. In addition, Wong 
and colleagues (2014) found that 12.2% of adolescents in their sample (N = 1,912) were cybervictims 
and 13.1% were classified as cyberbullying perpetrators.

Some of this research has focused on cross-cultural differences in cyberbullying involvement. This 
research usually classified countries according to an independent self-construal or an interdependent 
self-construal. Someone with an independent self-construal views the self as separate from the social 
context, while someone with an interdependent self-construal views themselves within the context of their 
social environment or society. Usually people from Western countries, like the United States, Canada, and 
England, are reinforced and primed for behaving in ways aligned with an independent self-construal. On 
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the other hand, people from Eastern countries, like China, Korea, and Japan, are reinforced and primed 
for behavior consistently in regards to an independent self-construal. Differences in these self-construals 
affect people’s social behaviors, particularly bullying and cyberbullying. Therefore, independent and 
interdependent self-construals have been used to explain these behaviors.

Research usually indicates that children and adolescents from the United States self-report higher 
levels of cyberbullying perpetration and cyber victimization when compared to Japanese youths (Barlett 
et al., 2013). Similarly, Japanese children and adolescents report less cyberbullying perpetration and cyber 
victimization in comparison to Austrian children and adolescents (Strohmeier, Aoyama, Gradinger, & 
Toda, 2013). Li (2008) found similar results for Chinese children and adolescents such that they engaged 
in less cyberbullying perpetration when compared to Canadian children and adolescents. In addition, 
differences were found for these children and adolescents when it came to cyberbullying victimization. 
However, utilizing another sample, Li (2006) found that Chinese children and adolescents reported more 
cyberbullying victimization when compared to Canadian children and adolescents. In another study, 
Shapka and Law (2013) focused on the motivations for Canadian adolescents and East Asian adolescents 
from Canada cyberbullying perpetration. They found that East Asian adolescents engaged in cyberbul-
lying for proactive reasons (i.e., to obtain some sort of goal), while Canadian adolescents reported more 
cyberbullying perpetration for reactive reasons (i.e., response to provocation).

Little attention has been given to cyberbullying involvement among children and adolescents from 
Africa, India, and South America. In one of the few studies to investigate cyberbullying involvement in 
India, Wright and colleagues (2015) found that Indian adolescents reported more cyberbullying perpetra-
tion and victimization when compared to adolescents from China and Japan, with Chinese adolescents 
reporting more of these behaviors in comparison to Japanese adolescents. Gender differences have also 
been found to vary across countries as well. For instance, Genta and colleagues’ (2012) results revealed 
that Italian males perpetrated more cyberbullying when compared to Spanish and English males. Boys 
from India also reported more cyberbullying involvement in comparison to boys from China and Japan 
(Wright et al., 2015). Taken together, this literature indicates that cyberbullying perpetration and cyber 
victimization is a global concern, warranting additional investigations.

CHARACTERISTICS AND RISK FACTORS 
ASSOCIATED WITH CYBERBULLYING

Once researchers realized that comparing prevalence rates among samples was not a fruitful direction 
in the study of cyberbullying, they began to focus their attention on the characteristics and risk factors 
associated with children’s and adolescents’ involvement in cyberbullying. One of the first risk factors 
investigated was age. In this research, younger children, particularly those in early adolescence, experi-
ence the highest levels of victimization by cyberbullying compared to older youths, who were more often 
the perpetrators of these behaviors. Delineating between different types of cyberbullying, Williams and 
Guerra (2007) found that physical forms of cyberbullying (e.g., hacking) peaked in middle school, usually 
grades 6th through 8th, while rates of these behaviors declined in high school. Despite similarities among 
these studies, other research indicates that age is not a reliable predictor of cyberbullying involvement. In 
particular, Wade and Beran (2011) found that 9th graders had the highest risk of cyberbullying perpetration 
and victimization when compared to adolescents in middle school. Other researchers have focused on 
gender as a predictor of cyberbullying involvement. In this research, Boulton and colleagues (2012), Li 
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(2007), and Ybarra et al. (2007) concluded that boys were more often the perpetrators of cyberbullying 
in comparison to girls. However, girls have been found to experience more cyber victimization when 
compared to boys (e.g., Hinduja & Patchin, 2007; Kowalski & Limber 2007). On the other hand, some 
researchers (e.g., Dehue, Bolman, & Vollink, 2008; Pornari & Wood, 2010) reported that girls engaged 
in more cyberbullying perpetration, while boys experienced more cyber victimization (e.g., Huang & 
Chou, 2010; Sjurso, Fandrem, & Roland, 2016). Contrary to the previous research on gender differences 
in cyberbullying involvement, other researchers (e.g., Stoll & Block, 2015; Wright & Li, 2013b) have 
found no gender differences in children’s and adolescents’ involvement in these behaviors. Therefore, 
like age, gender has proven to be an inconsistent predictor of cyberbullying involvement as well.

Given the research linking children’s and adolescents’ offline behaviors to their online behaviors, 
another frequently researched risk factor associated with cyberbullying involvement is children’s and 
adolescents’ status as a victim and/or a perpetrator of traditional face-to-face bullying. Various studies 
have found positive relationships between cyberbullying perpetration and traditional face-to-face bullying 
perpetration, cyber victimization and traditional face-to-face victimization, and traditional face-to-face 
victimization and cyberbullying perpetration (Barlett & Gentile, 2012; Mitchell et al., 2007; Wright 
& Li, 2013a; Wright & Li, 2013b). Electronic technology usage is another risk factor associated with 
cyberbullying perpetration and victimization. Higher rates of Internet usage related positively to cyber-
bullying perpetration and victimization (Ang, 2016; Aricak et al., 2008). Furthermore, when comparing 
cybervictims and nonvictims, researchers have found that cybervictims reported greater usage of instant 
messaging, email, blogging sites, and online gaming when compared to nonvictims (Smith et al., 2008). 
Ybarra and colleagues (2007) proposed that the linkage between electronic technology usage and cyber-
bullying involvement can be explained by the disclosure of personal information. That is, children and 
adolescents who are more willing to disclose personal information online, such as geographical location, 
are more at risk for victimization by cyberbullying.

Internalizing difficulties, like depression and loneliness, and externalizing difficulties, like alcohol 
use, are also risk factors associated with cyberbullying involvement. Researchers hypothesize that such 
problems reduce victims’ coping abilities, making them more vulnerable to attacks, like cyberbullying 
(Cappadocia et al., 2013; Mitchell et al., 2007). In this research, Cappadocia and colleagues (2013) and 
Wright (in press) found that alcohol and drug use were both associated positively with the involvement 
in cyberbullying as the perpetrator.

Other variables have also been linked to cyberbullying involvement. For instance, higher normative 
beliefs (i.e., beliefs about the acceptability of a behavior) concerning face-to-face bullying and cyber-
bullying were related positively to cyberbullying perpetration (e.g., Burton, Florell, & Wygant, 2013; 
Wright, 2014b). Such findings suggest that perpetrators of cyberbullying hold favorable attitudes toward 
the engagement in bullying behaviors. In addition, lower levels of provictim attitudes (i.e., the belief 
that bullying is unacceptable and that defending victims is valuable), lower peer attachment, less self-
control and empathy, and greater moral disengagement were each associated positive with cyberbullying 
perpetration (e.g., Sevcikova, Machackova, Wright, Dedkova, & Cerna, 2015; Wright, Kamble, Lei, Li, 
Aoyama, & Shruti, 2015).

Most of the previously reviewed studies utilized concurrent research designs, making it difficult to 
understand the longitudinal associations of risk factors to cyberbullying involvement. In one of the few 
studies to investigate these behaviors utilizing a longitudinal design, Fanti and colleagues (2012) ex-
amined children’s and adolescents ’exposure to violent media, their callous and unemotional traits, and 
their cyberbullying involvement one year later. Their findings revealed that media violence exposure was 



167

Cyberbullying


linked to subsequent cyber victimization. In addition, perceived stress from parents, peers, and academ-
ics increased adolescents’ cyberbullying perpetration one year later (Wright, 2014a). As detailed in this 
section, there are a variety of risk factors which make youths vulnerable to cyberbullying involvement. 
Researchers are beginning to move beyond individual predictors of cyberbullying involvement to the 
role of parents in children’s and adolescents’ perpetration and victimization by these behaviors.

Parents as Risk Factors

The literature on traditional face-to-face bullying links this experience with parental monitoring and vari-
ous parenting styles. In particular, permissive parenting styles related to less knowledge about children’s 
and adolescents’ offline activities, which puts them at risk for face-to-face bullying perpetration and 
victimization (Nikiforou, Georgiou, & Stavrinides, 2013). Children and adolescents who are bully-victims 
have parents who frequently utilize indifferent-uninvolved parenting styles and inconsistent monitoring 
of their activities, increasing their risk of traditional face-to-face bullying and cyberbullying involve-
ment (Totura et al., 2009). There are also consequences associated with coming from an overprotective 
family. Children and adolescents from these families were more likely to experience victimization by 
face-to-face bullying (Hokoda, Lu, & Angeles, 2006). It is believed that these families do not allow their 
children to develop autonomy and assertiveness or practice social skills. The lack of these skills increases 
their risk of being targeted by their peers. Without these skills, children find it hard to navigate their peer 
relationships, which places them at risk for poor peer relationships. Having a social network of peers to 
go to for support protects children against being victimized by their peers.

The cyber context is another environment that parents decide to monitor. Mason (2008) found that 
30% of children and adolescents’ in his sample utilized the Internet often (about three hours or more 
daily), but that when they were online, 50% of these children and adolescents reported that their parents 
did not monitor their online activities. In one study, Wright (2015) reported that youths experienced 
the most technology mediation by their parents and that this mediation reduced the association between 
cyber victimization and psychosocial adjustment difficulties. She argued that parental mediation buf-
fers against these negative psychological consequences. Other research does not support the benefits of 
parental monitoring on children’s and adolescents’ online risk exposure. In this research, Aoyama and 
colleagues (2011) found that parental mediation and monitoring of their children’s online activities were 
unrelated to cyberbullying perpetration and victimization. They proposed that many parents lack the 
technological skills to effectively monitor their children’s online activities, which makes it difficult for 
them to know when and how to intervene. In addition, many parents did not follow-up on the strategies 
they implemented for making the Internet safer for their children. This gives the perception that parents 
are unconcerned about appropriate online behaviors, increasing the risk of engaging in cyberbullying. 
Furthermore, if parents do not effectively enforce strategies they implement to mediate their children’s 
online activities, they might not be likely to update such strategies as their children become more in-
dependent electronic technology users. Such a proposal is consistent with previous research findings 
in which parents reported that they were not sure how to discuss online activities with their children 
(Rosen, 2007). This uncertainty might contribute to parents not knowing how to talk to their children 
about appropriate online behaviors.

Despite parents not knowing how to monitor their children’s electronic technology usage, 93% in one 
study reported that they set limits on their children’s online activities (McQuade, Colt, & Meyer, 2009). 
However, only 37% of their children reported that they were given rules from their parents concerning 
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their online activities. This could mean that parents are over reporting the amount of monitoring they 
engage in or that their strategies for monitoring are ineffective such that their children believe no strate-
gies have been implemented. Parents have an important role in protecting their children against online 
risks. More attention should be given to have parents navigate having conversations with their children 
about online risks and opportunities.

Some research has focused on examining other family characteristics associated with cyberbullying 
involvement. In this research, Ybarra and Mitchell (2004) did not find any evidence that family income, 
parental education, and marital status of caregivers were associated with children’s and adolescents’ 
involvement in cyberbullying. Research does suggest that parental unemployment relates to children’s 
and adolescents’ cyberbullying perpetration and victimization (Arslan, Savaser, Hallett, & Balci, 2012). 
Furthermore, in one study, neglectful parenting increased the risk of children’s and adolescents’ cyber-
bullying involvement when compared to uninvolved individuals (Dehue, Bolman, Vollink, & Pouwelse, 
2012). Similar, parents with authoritarian parenting styles also have children who are more likely to 
experience cyber victimization.

Children and adolescents experience more cyber victimization when their parents do not monitor their 
electronic technology usage or set rules pertaining to this usage (Hokoda et al., 2006; Wright, 2015). A 
possible explanation for these relationships is that parents who monitor their children’s electronic tech-
nology usage provide more opportunities to discuss the risk of cyberbullying involvement. In addition, 
children and adolescents who believed that their parents would punish them for participating in negative 
online behaviors, like cyberbullying, were less likely to perpetrate cyberbullying (Hinduja & Patchin, 
2013; Wright, 2013a). Taken together, this literature reveals that parents have an important role in miti-
gating their children’s involvement in cyberbullying. Other research has focused on the role of schools 
and peers in relation to the cyberbullying perpetration and victimization among children and adolescents.

Schools as Risk Factors

The role of schools in monitoring and punishing children’s and adolescents’ involvement in cyberbully-
ing is a topic of great debate. Most cases of cyberbullying are carried out off school grounds, making it 
difficult for schools to be aware of such cases (deLara, 2012; Mason, 2008). Cyberbullying incidences 
typically involve children and adolescents who attend the same school, further making schools’ role in 
handling these behaviors even more tricky. Given that the perpetrator and victim might attend the same 
school, it is likely that knowledge of the incidence might spread across the school or that these individuals 
might engage in negative interactions while on school grounds, which could disrupt the learning process.

Despite the likelihood that cyberbullying incidences might “spill over” onto school grounds, it is not 
surprising that administrators’ and teachers’ perceptions and awareness of cyberbullying vary such that 
some do not perceive the behavior as problematic while others do (Kochenderfer-Ladd & Pelletier, 2008). 
When administrators and teachers do not perceive cyberbullying as problematic, they are not likely to 
perceive any form of covert bullying behavior as serious and harmful as physical bullying (Sahin, 2010). 
They do not understand the harmful consequences associated with relational bullying and cyberbullying. 
Some teacher training does not properly inform teachers on how to deal with and recognize cyberbully-
ing. In one study, Cassidy et al. (2012a) found that many Canadian teachers were unfamiliar with newer 
technologies. This unfamiliarity made it difficult for them to deal with cyberbullying as they were un-
sure of how to respond to the incident or implement strategies to alleviate the situation. When teachers 
were concerned with cyberbullying, policies and programs were rarely developed at the school level, 



169

Cyberbullying


making it difficult for them to implement solutions and strategies (Cassidy, Brown, & Jackson, 2012b). 
Other research has revealed that teachers are more likely to encourage prevention programs designed 
to reduce traditional face-to-face bullying (Tangen & Campbell, 2010). This finding might suggest that 
administrators and teachers do not consider cyberbullying as warranting their attention. It is important 
for schools to recognize the importance of implementing policies and training to deal effectively with 
cyberbullying as these behaviors impact the learning environment (Shariff & Hoff, 2007). Perpetrators 
and victims of cyberbullying perceive their school and teachers less positively than uninvolved children 
and adolescents (Bayar & Ucanok, 2012). In addition, when children and adolescents fear that their 
classmates might be cyberbullies, they have a difficult time concentrating on learning, which reduces 
their academic attainment and performance (Eden, Heiman, & Olenik-Shemesh, 2013). Lower school 
commitment and perceptions of a negative school climate increase children’s and adolescents’ engagement 
in cyberbullying as they feel less connected to their school (Williams & Guerra, 2007). Current research 
also links cyberbullying perpetration and victimization to poor academic functioning among adolescents 
(Wright, in press). Educators require training to increase their awareness of cyberbullying, with the hope 
of developing policies at the school level to reduce these behaviors. When teachers are more confident 
about their abilities and have a stronger commitment to their school, they are more likely to learn about 
cyberbullying, and have a greater awareness of these behaviors and knowledge to deal effectively with 
it (Eden et al., 2013). Such awareness and knowledge prevent children’s and adolescents’ cyberbully-
ing perpetration and victimization. Furthermore, when teachers feel more confident, they intervene in 
cyberbullying incidences more often, which protects adolescents’ from experiencing these behaviors 
(Elledge et al., 2013). Unfortunately, teachers’ motivation for learning about cyberbullying decreases 
from elementary school to middle school, which is problematic as cyberbullying involvement usually 
increases in these years (Ybarra et al., 2007). Therefore, there is a need for educator training programs 
aimed at raising awareness of cyberbullying, particularly in the middle school years.

Through interactions with peers, children and adolescents learn about the social norms dictating 
acceptable and unacceptable behaviors within the peer group, and consequently they engage in more of 
the acceptable behaviors, even if they are negative. Therefore, it is not surprising that the best predictor 
of cyberbullying involvement are classrooms with the highest rates of cyberbullying perpetration and 
victimization as the climate of the classroom might encourage these behaviors (Festl et al., 2013). In 
addition, when children and adolescents believed that their friends engaged in cyberbullying, they were 
at a greater risk of perpetrating these behaviors (Hinduja & Patchin, 2013). This relationship might be 
explained using the peer contagion effect such that the engagement in negative behaviors perpetrated by 
one’s friends “spread” to other children and adolescents within their social network (Sijtsema, Ashwin, 
Simona, & Gina, 2014). Peer attachment is another variable related to cyberbullying involvement. In 
this research, lower levels of peer attachment were associated positively with cyberbullying perpetra-
tion and victimization (Burton et al., 2013). Poor peer attachment represents children’s and adolescents’ 
beliefs that their peers will not be there for them when they need them, which might promote more nega-
tive interactions with their peers. Furthermore, other research concludes that the relationship between 
cyber victimization and cyberbullying perpetration is greater when youths experience peer rejection 
(Sevcikova et al., 2015; Wright & Li, 2013b). To explain this connection, Wright and Li (2012) argue 
that peer rejection triggers negative emotional responses that leads to cyberbullying perpetration and 
victimization. Some research has also found that cyberbullying is a behavior that can be used to boost 
children’s and adolescents’ social standing in their peer group. For instance, Wright (2014c) found that 
higher levels of perceived popularity, a reputational type of popularity in the peer group, was associated 
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positively with cyberbullying perpetration six months later among adolescents. With the prominent role 
of electronic technologies in children’s and adolescents’ lives, Wright proposes that they might utilize 
these technologies as a tool for the promotion and maintenance of their social standing. The literature 
in this section suggests that it is important to consider the role of peers in children’s and adolescents’ 
cyberbullying involvement.

THE OUTCOMES ASSOCIATED WITH YOUTHS’ 
INVOLVEMENT IN CYBERBULLYING

The increasing concern regarding cyberbullying has been triggered by the negative psychological and 
behavioral consequences associated with children’s and adolescents’ involvement in cyberbullying. In 
this research, experiencing cyberbullying disrupts children’s and adolescents’ emotional experiences. 
In particular, cybervictims report lower levels of global happiness, general school happiness, school 
satisfaction, family satisfaction, and self-satisfaction (Toledano, Werch, & Wiens, 2015). They also 
report more feelings of anger, sadness, and fear in comparison to noninvolved children and adolescents 
(Dehue et al., 2008; Machackova, Dedkova, Sevcikova, & Cerna, 2013; Patchin & Hinduja, 2006). Not 
only does cyberbullying involvement harm children and adolescents emotionally, but it also contributes 
to academic performance difficulties. Cyberbullies and cybervictims are both at risk for academic dif-
ficulties at school, including less motivation for school, poor academic performance, lower academic 
attainment, and more school absences (Belae & Hall, 2007; Yousef & Bellamy, 2015). Recent research 
also indicates that lower school functioning is related to both cyberbullying perpetration and cyber vic-
timization, with adolescents who are both cyberbullies and cybervictims experiencing the lowest levels 
of school functioning (Wright, in press).

Research also indicates that cyberbullies and cybervictims are at risk for internalizing problems and 
externalizing problems (e.g., Mitchell, Ybarra, & Finkelhor, 2007; Patchin & Hinduja, 2006; Wright, 
2014b; Ybarra, Diener-West, & Leaf, 2007). Perpetrators and victims of cyberbullying also experience 
suicidal thoughts and attempt suicide more often than uninvolved adolescents (Bauman, Toomey, & Walker 
2013). These findings are corroborated by Beckman and colleagues (2012) who found that adolescents’ 
cyberbullying involvement increased their risk for experiencing mental health problems. They also ex-
perience psychiatric and psychosomatic problems (Sourander et al., 2010). A lot of the research focused 
on examining the psychological and behavioral consequences associated with cyberbullying involvement 
do not take into account children’s and adolescents’ involvement in traditional face-to-face bullying and 
victimization. Including children’s and adolescents’ involvement in traditional face-to-face bullying and 
victimization when examining the consequences associated with cyberbullying is important as these 
two behaviors are highly correlated (Williams & Guerra, 2007; Wright & Li, 2013b). Results of one 
study might even suggest that cyberbullying perpetration and cyber victimization are worse experiences 
when compared to the involvement in face-to-face bullying and victimization. In particular, Bonanno 
et al. (2013) found that adolescents who were involved in cyberbullying experienced greater depressive 
symptoms and suicidal ideation even after controlling for face-to-face bullying and victimization.

Because children’s and adolescents’ involvement in cyberbullying is linked with their involvement in 
traditional bullying, some research has focused on the conjoint effects of these behaviors on their psycho-
logical and behavioral outcomes. For example, Gradinger and colleagues (2009) as well as Perren and 
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colleagues (2012) found that victims of both traditional face-to-face bullying and cyberbullying reported 
higher levels of internalizing symptoms when compared to children and adolescents who experienced 
only one type of victimization. Therefore, a combination of various bullying behaviors exacerbates 
children’s and adolescents’ experience of depression, anxiety, and loneliness. Such findings further sup-
port the importance of considering children’s and adolescents’ involvement in bullying behaviors both 
offline and online in an effort to understand more about these relationships and how to best intervene.

THEORETICAL FRAMEWORKS

This section describes two theories related to cyberbullying: the social cognitive theory and the online 
disinhibition effect. In the social cognitive theory, researchers suggest that parents and/or friends serve 
as model of adolescents’ behaviors (Hinduja & Patchin, 2008; Mouttapa, Valente, Gallaher, Rohrbach, 
& Unger, 2004). This theory has been used to provide a better understand of children’s and adolescents’ 
aggressive behaviors. Olweus (1993) proposed that children’s aggressive behaviors were model by 
someone who was stronger than the observer, and that the effects of the model on the observer depended 
on the observer’s positive evaluation of the model. Such perceptions make the aggressive acts less in-
hibited for the observer, particularly if the model is rewarded for such aggressive behaviors. A reward 
concerning bullying usually involves the bullies’ victory over victims. The social cognitive theory was 
extended to apply to children’s and adolescents’ involvement in cyberbullying (Barlett & Gentile, 2012). 
Children and adolescents are constantly observing incidences of successful cyberbullying acts, which 
leads them to develop the belief that such acts are acceptable, normative, and tolerable. Furthermore, 
the cyber context involves characteristics that result in little or no immediate consequences of cyberbul-
lying behaviors. Therefore, this increases children’s and adolescents’ beliefs that they cannot be caught 
for engaging in cyberbullying behaviors, particularly if they stay anonymous, which is much easier in 
the cyber context. When adolescents were positively reinforced for cyberbullying behaviors, adolescents 
held greater positive attitudes toward these behaviors (Barlett & Gentile, 2012). These attitudes relate to 
future perpetration of cyberbullying behaviors (Wright & Li, 2013a; Wright & Li, 2013b).

In the online disinhibition effect theory, cyberbullying is proposed to occur because people are more 
likely to not behave in similar ways in cyberspace as they do in the real world (Suler, 2004). Therefore, 
cyberspace allows people to loosen, reduce, or dismiss the typical social restrictions and inhibitions present 
in normal face-to-face interactions (Mason, 2008). The literature supports the premise that people behave 
differently in cyberspace than in the offline world. Some of the research suggests that people are likely 
to be blunter in their communications via information and communication technologies. For example, 
McKenna and Bargh (2000) revealed that there were more misunderstandings, heightened hostility, and 
increase in aggressive behaviors via computer-mediated communication when compared to face-to-face 
communication. Furthermore, communications via some information and communication technologies 
might occur without being able to see emotional reactions. Not being able to see someone’s emotional 
reactions in cyberspace prevents people from modulating their own behaviors because they are not able 
to witness the consequences of their actions, like they could in the offline world (Kowalski & Limber, 
2007). Cyberbullying acts are often carried out with the cyberbully not being able to witness the cy-
bervictims’ reactions or the experience of social disapproval, punishment, and other consequences. As 
cyberbullies realize the ease of engaging in aggressive behaviors through information and communica-
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tion technologies, their behaviors are more likely to become disinhibited over time, particularly if they 
receive positive reinforcement for their behaviors, do not recognize, are unaware, or do not care about 
the consequences of their behaviors (Hinduja & Patchin, 2010; Wright, 2014a). The online disinhibition 
effect also involves deindividuation (Joinson, 1998). This occurs when people are not held accountable 
for their actions. The ability to engage in behaviors anonymously via information and communication 
technologies might further reduce their accountability. Considering that anonymity is easier in the cyber 
context and that cyberspace can promote the online disinhibition effect, children and adolescents might 
be able to separate their online actions from their real world identities, making it much easier for them 
to disengage from others, leading to increases in harmful online behaviors (Wright, 2014a).

SOLUTIONS AND RECOMMENDATIONS

All members of our community, not just researchers, educators, and children and adolescents them-
selves, should be concerned with cyberbullying. Educational curriculum should be designed to teach 
children and adolescents about cyberbullying, digital literacy, and citizenship in both the online and 
offline worlds (Cassidy et al., 2012b). It should also focus on the positive uses of electronic technology, 
empathy, self-esteem, and social skills. Another suggestion for schools is to improve school climate by 
learning students’ names, praising good behavior, and staying technologically up-to-date (Hinduja & 
Patchin, 2012). Schools should also adopt a code of conduct that addresses appropriate technology usage. 
It is imperative that administrators and teachers advocate and enforce these policies. Parents also have 
a responsibility in helping to address cyberbullying. In particular, they should partner with educators 
from their children’s school as well as increase their awareness and knowledge of electronic technolo-
gies (Cassidy et al., 2012a; Diamanduros & Downs, 2011). Being more knowledgeable of electronic 
technologies will help parents understand their children’s behaviors in the cyber context and the risk 
that their children might face while utilizing electronic technologies. This knowledge can also help them 
to implement parental monitoring strategies that effectively diminish their children’s susceptibility to 
cyberbullying. Furthermore, parents should model appropriate online behavior in order to serve as ap-
propriate role models for their children. They should engage in open communication with their children 
about appropriate electronic technology usage, such as discussing the amount of time their children should 
spend online and how their children should act in the online environment. Understanding how cyberbul-
lying affects our communities is also important. Many of us are bystanders within our communities. We 
might notice someone in need, know that we need to help him or her, and not do so. Instead, we should 
help others, instead of expecting others to help, while we stand by. This helps to model appropriate 
behaviors for the whole community, including the children and adolescents within these communities. 
Cyberbullying legislation is important as it has helped to address these behaviors outside of schools. 
Cassidy and colleagues (2012b) argue that cyberbullying laws should be reformulated so that these laws 
further societal values. Ultimately, society needs to recognize the threat of cyberbullying and understand 
that it can affect everyone. It is important that all members from society are united when dealing with 
such behaviors. The government of all countries needs to take cyberbullying seriously by developing 
initiatives to fund research studies devoted to understanding more about prevention. The more that we 
understanding about cyberbullying the better we are able to develop solutions designed to prevent these 
behaviors and promote positive interactions.
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FUTURE RESEARCH DIRECTIONS

This review of the literature on cyberbullying involvement suggests some noticeable limitations and 
future directions for research. Despite proposals that anonymity is a factor linked to children’s and ado-
lescents’ perpetration of cyberbullying, little attention has been given to this topic. This future research 
should focus on children’s and adolescents’ perceptions of anonymous acts online, and which factors 
might motivate them to engage in anonymous forms of cyberbullying. Following the focus on anonymity, 
research should also examine differences in non-anonymous forms of cyberbullying versus anonymous 
forms of cyberbullying in order to understand more about the motivators underlying these behaviors. 
Anonymity might also make adolescents more disinhibited in the cyber context, leading them to perpetrate 
negative and other risky behaviors that they typically would not do in the face-to-face context. Research 
should aim to compare anonymous versus non-anonymous forms of cyberbullying as these forms of 
cyberbullying might differentially impact adolescents’ coping strategies and psychosocial adjustment. 
More specifically, non-anonymous cyberbullying, perpetrated by a known peer, might have more of an 
impact on an adolescent’s depressive symptoms than if he or she were to experience the same behaviors 
from an anonymous perpetrator.

Many of the studies reviewed in this literature review utilize concurrent research designs, making 
it difficult to understand the long-term impact of cyberbullying perpetration and cyber victimization 
across multiple age groups, particularly among young children and adults. For instance, many of the 
studies on cyberbullying involvement include early and late adolescents, with little attention given to 
cyberbullying perpetration and cyber victimization among elementary school-aged children, despite these 
children having access to electronic technologies, a risk factor associated with such behavior (Madden 
et al., 2013; Ybarra et al., 2007). Focusing on this younger age group makes it easier to understand the 
developmental trajectory of traditional face-to-face bullying and cyberbullying involvement, and it could 
help to answer questions about the temporal order of these bullying behaviors. This research will help to 
shed light on whether there is an age at which youths are most vulnerable to cyberbullying involvement. 
Intervention and prevention programs could be developed which specific consideration to the specific 
age group identified as at the most risk for cyberbullying involvement.

CONCLUSION

Taken together, the literature on cyberbullying provides a good foundation for understanding children’s 
and adolescents’ involvement in these behaviors. Research attention has been diverted from focusing 
on the prevalence rates of cyberbullying and instead more attention is being given to the causes and 
consequences of children’s and adolescents’ involvement in these behaviors. Although researchers are 
beginning to understand these causes, most of the studies focus on individual predictors of cyberbullying 
involvement, without giving attention to the role of parents, schools, peers, and communities in children’s 
and adolescents’ perpetration and victimization by such behaviors. Therefore, more investigations need 
to focus on these individuals and entities as cyberbullying is a global concern. This is important as cy-
berbullying affects all aspects of our society, undermining ethical and moral values. It is imperative that 
we unite and do our part to reduce children’s and adolescents’ involvement in cyberbullying together.
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Summary

This chapter presents a review of the literature on cyberbullying by providing a description and defini-
tion, information about the characteristics and risk factors, and the outcomes of children’s and adoles-
cents’ involvement in these behaviors, as victims and/or perpetrators. The review incorporates studies 
with cross-sectional, longitudinal, qualitative, and quantitative research designs. The chapter includes 
cross-cultural research findings to provide a more thorough understanding of cyberbullying as a global 
phenomenon, not localized to one country or region in the world. Solutions and recommendations as 
well as theoretical frameworks for understanding cyberbullying are also described.
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Anxiety: A mental health disorder which includes symptoms of worry, anxiety, and/or fear that are 

intense enough to disrupt one’s daily activities.
Collectivism: A cultural value that stressed the importance of the group over individual goals and 

cohesion within social groups.
Cyberbullying: Children’s and adolescents’ usage of electronic technologies to hostilely and inten-
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Empathy: The ability to understand or feel what another person is experiencing or feeling.
Externalizing Difficulties: Includes children’s and adolescents’ failure to control their behaviors.
Individualism: The belief that each person is more important than the needs of the whole group or 

society.
Loneliness: An unpleasant emotional response to isolation or lack of companionship.
Normative Belief: Beliefs about the acceptability and tolerability of a behavior.
Parental Mediation and Monitoring: The strategies that parents use to manage the relationship 

between their children and media.
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Parenting Style: The standard strategies that parents use in their child rearing.
Peer Attachment: The internalization of the knowledge that their peers will be available and responsive.
Peer Contagion: The transmission or transfer of deviant behavior from one adolescent to another.
Provictim Attitudes: The belief that bullying is unacceptable and that defending victims is valuable.
Social Exclusion: The process involving individuals or groups of people block or deny someone 

from the group.
Traditional Face-To-Face Bullying: The use of strength or influence to intimidate or physically 

harm someone.
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ABSTRACT

The purpose of this chapter is to propose a model that would enable teachers to assess comprehensively 
the effectiveness of learners` information acquisition in e-learning environment. The main value of 
the proposed model is its focus on combination of pedagogical conditions and psychological factors 
of learning to increase the level of information acquisition. In order to study students` acquisition of 
learning information in dependence upon the form of presentation as well as identification of learners` 
psychological characteristics, that help the acquisition of material presented in three visual forms (text, 
charts, comics) the experiment was carried out. On the grounds of the obtained results, the authors sug-
gest guidelines for application of the model in practice.

INTRODUCTION

One of the main aims of using information technologies (IT) in learning is improvement of the quality 
of education and its outcomes through raising the effectiveness of learning information acquisition. The 
modern system of education places much reliance on the use of electronic tools in the educational pro-
cess, believing that future learner`s achievements are linked to the capacity of utilization of electronic 
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information resources. The ways of working with learning material that form metaskills, which involve 
developing the ability to extract and structure knowledge (not only to memorize and store them) relying 
on information systems, are laid down into the curriculum.

Nowadays, the human interaction with IT in education consists of two stages: at the first stage a 
teacher creates electronic tools for classes, and at the second stage students get involved in interaction 
with these tools (Guri-Rosenblit, 2005; Steen, 2008; Frolov, 2011). Both stages involve active use of 
electronic visualizations to facilitate the process of perception (Multimodal Learning Through Media, 
2008). However, despite the long experience in using tools of information visualization in e-learning, 
blended learning, distance and online learning, their impact on learning efficiency is still controversial. 
It was established that students’ emotional tension and fatigability when reading e-book texts increased 
in comparison with reading texts of paper books (Kuchma et al., 2012); the rapidity of students` acquisi-
tion of information in distance education decreased in contrast to studying the same learning material in 
the classroom (Balashova, 2011). Thus, the active implementation of electronic tools in the educational 
process has not led to substantial increase in the training effectiveness. The reasons for this can be 
explained by the fact that psychological approaches and pedagogical models for using the information 
technology in education are frequently applied independently of each other.

Therefore, the success in teaching and learning can be achieved by using a complex psycho-pedagogical 
model considering the combination of learners’ psychological characteristics and pedagogical conditions 
of interaction with IT in education.

In this chapter the authors propose a model that would enable teachers:

• To approach consciously to the choice of the form of electronic visualization of learning material 
to improve the efficiency of its acquisition by learners;

• To assess comprehensively the effectiveness of the learners` information acquisition in e-learning 
environment.

This model is the result of the study of established correspondence between the educational environ-
ment and psychological factors influencing on the effectiveness of acquisition of learning information 
by the learners in their interaction with IT.

The chapter provides theoretical and empirical justification of the model, as well as recommenda-
tions for its application in practice.

BACKGROUND

The information acquisition is a central part of the learning process (Rubinstein, 2005). There are dif-
ferent approaches to understanding of the information acquisition. McNamara and O’Reilly (electronic 
resource) define it as a complex process of absorbing and storing new information in memory, which 
success depends on future reproduction (use). According to O’leary (electronic resource), the process of 
knowledge acquisition is the basis not only for use but also for production of new knowledge. Lawrence, 
Lefkowitz and Lesser (1988) draw attention to the fact that the knowledge acquisition requires under-
standing of how new information fits the information that is already contained in the knowledge base.

According to Russian authors (Nurminsky & Gladysheva, 1991) the process of acquisition includes 
the following stages: perception of an object (selecting of an object and determining its essential prop-
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erties); comprehension (identifying significant links and relations); memorizing of selected properties 
and relationships; active reproduction of properties and relations. The final stage of transformation (ac-
commodation) is the incorporation of new knowledge into the structure of past experience and its use as 
another means of constructing of new knowledge. Confederatov and Simonov distinguish the following 
levels of learning: the level of discernment (or recognition) of the subject; the level of its memorization; 
the level of understanding; the level of application (Kudryashova, 2009). Bespalko (1989) offers similar 
stages: understanding, recognition, reproduction, use, creation.

The Effectiveness of the Information Acquisition 
Through Electronic Means in Training

Currently, the didactic and organizational principles of e-learning using: the principle of distribution of 
educational material, the principle of interactivity of educational material, the principle of multimedia 
presentation of educational information, the principle of adaptability to personal characteristics of the 
learner are described in details (Vumyatnin et al., 2002). The analysis of psychological and pedagogi-
cal appropriateness of the use of educational software of different types allow to draw the following 
conclusions: the majority of them train skills, increase motivation of learning due to the possibility of 
independent work, develop visual-figurative and visual-effective types of thinking through visualizations, 
develop creative potential and certain kinds of thinking, train memory (Robert, 1994). Nonetheless, Rolf 
points to the negative factors of learning with the help of a computer: the reduction of interpersonal 
communication and the role of oral and written speech, lack of direct exploration of reality, weakening 
the ability for independent creative thinking (Kodzhaspirova, & Petrov, 2001). Thus, it is impossible to 
speak about full advantage of using e-learning tools over traditional.

Advantages of electronic means ensuring the effectiveness of the educational process are usually 
described depending on the type of electronic systems. So, computer simulation programs allow to 
visualize processes and phenomena that cause difficulties in students` understanding (Belavin, Goli-
cyna, & Kucenko, 2000), provide an opportunity to conduct virtual experiments (simulation programs), 
facilitate the acquisition of skills (educational computer games) (Popova, 2008) and formation of readi-
ness to professional activity (Druz, 2013). The electronic textbook creates active-interactive cognitive 
environment, provides the possibility of individualization of the pace and depth of development of the 
subject (Bosova, & Zubchenok, 2013), contributes to formation of the skill to take professional deci-
sions, increases creative and intellectual potentials (Miller, 2010). Through hypertext links we get the 
best memorization of the basic material (Naseikina, 2010).

An electronic interactive whiteboard combines visual, auditory and kinesthetic types of learning 
modalities, improves learning and cognitive motivation (Gusakova, 2013), performs such functions as 
administrative, informative, interactive, communicative, developmental, etc. (Romashkina et al., 2010).

The most common e-learning tool is multimedia presentations (PowerPoint presentations) which al-
low to combine comments from the teacher with the video information, thereby promoting the attention 
of learners to the content of learning material and increasing demand. In addition, the use of multime-
dia presentations gives emotional color to assimilated material, brings aesthetic pleasure to learners, 
enhancing the quality of learning information (Robert, 1994). Visual rows activate creative thinking by 
helping learners to perceive the material holistically (Zakharova, 2003). Yet, Nugumanova and Khami-
tova (2013) have obtained convincing data about the negative effects of multimedia presentations on 
the physiological level – fatigue of the visual analyzer, which may badly influence on the process of 
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assimilation. In their work Nouri and Shahid (2005) note that the presentation does not always contrib-
ute to improving learning outcomes and retention of information in long-term memory. Such data are 
practically nonexistent in the methodological guidelines for the creation of lecture presentations. Usually 
the authors draw on organizational and technical conditions: font size, number of slides, amount of text 
on the slide, structure, content, etc.

Thus, the effective use of electronic tools in learning requires the introduction of some principles of 
interaction between learners and IT. From a pedagogical point of view, it is important to consider the 
influence of the content of learning material, forms of visualization that are passed through IT, as well as 
the didactic content of the training material (subject area – natural sciences, humanities, exact sciences 
(Glukhareva, 2008; Phillips, Norris, & Macnab, 2010) and teaching methods (problem-based learning, 
educational training, etc.). From the positions of psychology, it is necessary to consider individual char-
acteristics of learners that can change the outcome of the assimilation under e-learning environment.

Form of Visualization as a Pedagogical Condition of Acquisition Effectiveness

Implementation of IT in education has significantly expanded opportunities for visualization of learning 
information, therefore, the simple verbal presentation of the material fades into the background. Today 
there are empirically validated data of increasing the level of acquisition by using multimedia presenta-
tions at mathematics classes (Anisova et al., 2014), effective use of multimedia software in the classroom 
(Mantorova, 2002), use of visualization at reading and natural sciences classes (Phillips et al., 2010).

The main trend of these studies is that they provide general advice about the methods of creation 
and application of electronic visualization in the learning process and less attention is drawn to specific 
forms of visualization – charts, texts, illustrations, etc. In turn, each form has its own didactic specifics 
and influence on the perception and comprehension of information in the process of acquisition, which 
also gains additional features when using electronic means.

The most common form of visual presentation of learning information is a text. Sabinina (2009) 
indicates that the perception and understanding of the content of the information studied in the form 
of texts, on the one hand, are influenced by linguistic features of the text and the learner`s linguistic 
knowledge. So, the presentation of the text in verse form contributes to its acquisition (Kiseleva, 2011). 
On the other hand, psychological peculiarities of the subject of perception also influences on its acqui-
sition. For example, structural features of the intelligence and processes of “metacognitive regulation” 
influence on understanding of scientific texts (Kalashnikova, 2013).

Chart presentation of information has other features. Using diagrams, learners can see the structure 
of phenomena or concepts, the hierarchy of certain system elements (Netesov, 2012), as well as the 
logical relationships that help to understand the meanings of certain terms (Ovchinnikova, 2013). The 
chart promotes the development of a generalized thinking activity, acts as a means of reducing of the 
information volume intended for memorization.

Considering that modern electronic visualization tools provide more and more opportunities, the 
use of illustrative visual material in the educational process is actively growing. Today no classes go 
by without illustrative support. One of illustrative visual materials is educational comics. Its specificity 
lies in the combination of verbal and non-verbal aspects (Buslova et al., 2014). In comics syntax of the 
written language get closer to the oral dialogue language, and the picture contains a large amount of 
information, contributing to understanding of the situation in whole (McCloud, 1994). The interaction 
of verbal text and visual components ensures the integrity of the piece and creates the effect of commu-
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nication (Petrova & Stepanova, 2005). Buslova calls the comics as one of the ways of mediated forma-
tion of system thinking (Buslova et al., 2014). Among the benefits of comics in the educational process 
Arkhipova (2012) identifies imagery, capacity, dynamic presentation of information, the dramatization 
of stories, “the saving of psychic effort for perception of information”.

It is important to point out that when different authors highlight advantages of some forms of visu-
alization in the learning process, the identified regularities are mainly related to the traditional options 
of visualization presented on paper. In the meantime, for electronic forms of visualization additional 
researches, identifying opportunities for effective learning in e-learning are needed. It is connected with 
specific features of the electronic visualizations, which, in particular, can be reflected in the concept of 
“electronic visual rows”. “Electronic visual rows” - is consecutive information in the form of illustrations, 
symbolical and graphic presentations, both static and dynamic (animation or a video series) which is 
stored in a digital form and is shown on the computer screen or by means of information technologies 
(Kostromina & Gnedykh, 2012). Thus, the specificity of electronic visualizations applies to both used 
forms (text, diagram, illustration/comics), and the potential or limitations of digital technologies, capable 
to become a source of additional load on the nervous system of learners (for example, increases fatigue 
when reading from the screen) (Kuchma et al., 2012). Their incorporation in the educational process is 
an integral pedagogical condition ensuring acquisition of learners in a modern learning environment.

Psychological Factors of Acquisition

According to researchers, the process of acquisition of information is influenced by not only external 
factors but also internal and psychological, associated with the peculiarities of psychic processes and 
states, and psychic characteristics of personality of learners. In particular, such factors are development 
of different forms of thinking and mental operations involved into the educational process (Berdnikova, 
2007; Maskinskov, 2003; Golub & Fokina, 2013); individual characteristics of information perception 
(Karginova, 1999); needs and motives of students determining their adaptation to training (Orlov, 1984); 
presence of an indicative basis, appeal to individual experience in the context of communicative-cognitive 
activity (Parkhomenko, 2003).

The role of psychological factors is to ensure effective acquisition on the basis of learners` character-
istics: the processes of perception, thinking, memory, learning motivation, capacity for self-organization 
activities, etc. In their description it is productive to rely on psychological theory describing the struc-
ture of personality. Considering that learning involves cognitive learner`s activity, driving motives, and 
a certain behavior in the situation of training, in our opinion, the most successful theoretical basis for 
the description of the psychological characteristics affecting the process of acquisition of the obtained 
information is Leontiev’s activity theory (Leontiev, 1978; Kaptelinin, Kuutti, & Bannon, 1997)

According to it, the psychological factors of learning can be divided into cognitive, motivational and 
behavioral. Meaningfully, each of them can be presented as a complex of psychological variables. From our 
point of view, key factors of learning are styles of thinking (cognitive factor), the motives of educational 
activity (motivational factor), the styles of learning and features of self-organization (behavioral factor).

Styles of thinking are associated with setting a goal, the choice of solution method and ways of be-
havior (Troeshestova, & Ivanova, 2013). Harrison and Bramson (1984) distinguish analytical, synthetic, 
realistic, idealistic and pragmatic thinking styles. According to Berulava the synthetic style of thinking 
is interrelated with the level of creativity (in Suhih, & Korytchenkova, 2008), as well as subject oriented 
learning, humanitarian or technical (Dvoryadkina, 2011). Sokolova and Ivanova (2014) note that holders 
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of the mental-art, art-mental and art personality types with synthetic thinking style perceive informa-
tion holistically and immediately. Based on the Sternberg`s concept, Richmond, Krank and Cummings 
(2006) have showed that among online learners there are many of those who have dominant legislative 
and hierarchical styles.

Motivation in educational activity discloses the motive force of personality, its orientation on achiev-
ing high results (Davydov, 1986.; Zaporozhets, 1986). This statement is confirmed by experiments that 
clearly show that avoidance motivation does not allow the learner to exercise their mental capacities, 
and as a consequence, hinders their development. If a learner has a high level of learning motivation, 
but, herewith, low level of thinking, he will still be able to achieve productivity in learning activities 
(Badmaeva, 2000).

There are different grounds for the classification of motives. Badmaeva (2000) identifies three groups 
of motives depending on the type of activity – educational-cognitive, communicative and creative, 
Markova (1999) distinguishes two groups– cognitive and social. In general, the explanation of cognitive 
(learning) activity are divided into two groups – internal (specific) and external (non-specific) (Brush-
linskii, & Volovikova, 1983), or internal and social (prestige, failure avoidance, self-determination, etc.) 
(Matyukhina, 1984). The dominance of any of them reflects the specific needs of the individual, which 
are realized in the educational process.

The learning style is expressed in special aspects of goal-setting, planning, decision-making, self-
control, reflection, and self-evaluation (Borisova, 2001). It is an integral characteristic, revealing a 
unique combination of characteristics of mental activity, manifestations of emotions, will, personality 
in the process of knowledge acquisition and formation of skills. Holodnaya (2004) determines the styles 
of learning as “learning strategies that characterize the response of the individual to the demands of 
specific learning situations” and binds the features of their manifestation with educational technolo-
gies, learning situations, teaching methods, learner`s motivation, etc. The classification of the learning 
styles of Reinert (1976) is based on the modality of experience – visual images, sounds, verbal symbols, 
emotional sufferings.

Honey and Mumford distinguish two styles - activity (focus on application of knowledge) and 
analytical (focus on theoretical justification) (Аllinson, & Науеs, 1996). Gregorc (1982) proposes to 
define styles depending on the student`s actions – draws on concrete or abstract knowledge, but also on 
the presence of the random or sequential nature of the doctrine. Canfield categorizes styles of teaching 
depending on the combination of the following factors: learning environment, methods in the study of 
new subjects, teaching methods and the expected evaluation of their achievements (Canfield, & Lafferty, 
1974). On the basis of their combinations Canfield outlines the major styles of teaching – social (Social), 
independent (Independent), focused on practical work (Applied), speculative (Conceptual) (Canfield, 
& Lafferty, 1974). In his model of teaching styles, Kolb (1984) identifies four learning styles, which he 
calls accommodative, divergent, assimilative, and convergent.

“Self-organization of learning activity is a student`s activity, impelled and guided by the goals of 
self-government and self-improvement of their academic work, carried out by the system of intelligent 
actions aimed at solving problems of rational self-organization and the implementation of its educa-
tional work” (Kotova, & Shakhmatova, 2007) . Pejsahov and Shevcov (1991) believe that the cycle of 
self-government consists of the analysis of contradictions, forecasting, goal setting, planning, decision 
making, evaluation, self-monitoring and correction. As a result of analysis and experimental studies, 
Ishkov (2004) identifies six components of self-organization: goal setting, situation analysis, planning, 
self-monitoring, correction and conation.
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According to many researchers` opinions, the learners` ability to self-activity ensures success in 
achieving learning outcomes (Afanas`eva, 2008; Kostromina, 2013). It is closely linked to metacognition 
processes, (Flavell, Brown, Borkowski, Peck, Reid, Fonest-Pressley, Holodnaya, Litvinov), which are 
responsible for self-regulation of intellectual activity (Chernokova, 2011), awareness of problem solving 
process (Lazareva, 2012) and affect the effectiveness of training (Borkowski et al., 1987). Kostromina 
(2013) allocates metacognitive learning strategies: planning, supervision (questions for self-assessment 
of achievements) and regulation (self-esteem, self-control, strong-willed regulation). Yanchar and Slife 
(2014) point out that students with learning difficulties, have less adequate metacognitive operations 
than achievers.

The accumulated extensive material on the impact of psychological factors on the information ac-
quisition in the learning process clearly demonstrates the dependence of the acquisition results upon 
individual psychological characteristics. However, the system of their mutual influence on each other, 
the interaction with the pedagogical conditions are not entirely clear, and the question of their role in 
e-learning context is poorly studied.

Evaluation of the Acquisition Effectiveness: An Integrated Approach

Speaking about the effectiveness of acquisition of learning information and the process of knowledge 
formation the authors cannot fail to dwell on the criteria by which achievements can be assessed. The 
most common methods of knowledge assessment are interviews, examinations and tests aimed at repro-
duction of learning information.

In order to make the process of knowledge quality evaluation more objective and to improve the 
reliability of the process, Snigireva and Grishanova (2014) offer an integrated approach that combines 
taxonomic, qualimetric and thesaurus approaches. Accordingly, assessing of the quality of the learner’s 
knowledge structure can be from three sides - the “strength” of knowledge, the “fullness” of the knowl-
edge structure, “the knowledge structure level”. Use of multiple methods of assessment also allows to 
make the process of evaluation more individualized (Ulanovskaya et al., 2013).

Another option is associated with the assessment of the acquisition effectiveness on two criteria: the 
process and the outcome. One way of evaluating of acquisition effectiveness as a process of knowledge 
formation can be concept maps (Novak, & Gowin, 1984). Concept maps are two-dimensional graphical 
presentation of knowledge including concepts connected by arcs (or lines) that reflect the relationships 
and interactions between pairs of concepts (Anohina, & Grundspenkis, 2009). They represent: a) a lack 
of understanding or misconception about a particular topic, b) changes in the line of thinking of learners.

Existing methods for evaluating concept maps have been analyzed in detail and structured according 
to the classification proposed by the authors Anohina and Grundspenkis in their work «Scoring Concept 
Maps: an Overview» (2009). In general, the criteria for evaluation of concept maps can be divided into 
two main groups:

• Criteria that measure components of the concept maps: the number of concepts, the fullness of 
the relationships, the correctness of judgments that connect concepts, the quality, the validity of 
judgments, the correctness of judgments which are not represented in the expert concept maps, 
judgments similar to the expert ones, the right place of concepts or relationships in the map, the 
levels of hierarchy;
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• Criteria that describe the structure in whole, such as conformity to a specific structure (reference), 
the graph diameter, the number of hierarchical segments, the wealth of relations.

Using of concept maps for fixing of the existing representations before and after the impact it is pos-
sible to quantify whether understanding of the material changes with time (Kilic, Kaya & Dogan, 2004). 
The process of changes is recorded as follows (Osmundson, et al., 1999): new ideas (concepts) are added 
to previous knowledge (system of concepts); some of the absurd and wrong ideas are transformed into 
more scientific or even disappear from the map; more relationships between the concepts of systems arise.

From the point of view of the assessment of acquisition results, according to the authors, the most 
appropriate method can be tasks, developed on the base on Bloom`s taxonomy. According to Bloom’s 
concept the way the learner copes with the tasks, activating certain mental operations, may be an indicator 
of the material acquisition (Bloom, & Krathwohl, 1956). Bloom identifies six levels of learning material 
acquisition, each of them describes some aspect of the learning process - knowledge, comprehension, 
application, analysis, synthesis, and evaluation. Thus, the measurement of learning outcomes for each 
of these levels, starting with the “knowledge” to “evaluation”, after studying the subject is possible. To 
this end, for each level of acquisition a system of test questions and test tasks is created.

In correlation with the current terms of training (methods, forms, learning content), the efficiency 
of learning activities allows to judge the effectiveness of various teaching aids. Thus, having a single 
content and a common technology but using different didactic forms we can understand which one al-
lows to achieve best results at the same cost (the same time, the same load and the same system of tasks). 
Simultaneously, an integrative evaluation of knowledge objectifies results. For example, the combination 
of concept maps and Bloom’s taxonomy, on the one hand, contributes to the evaluation of the operations 
of thinking, helping to understand how deeply the learner has studied the material, and if he can use it. 
On the other hand, it gives the opportunity to see the whole understanding of the subject by learners, to 
trace how different learning tools affect the formation of conceptual thinking.

The integrated approach to assessing the effectiveness can also be used in e-learning. By focusing 
on the various forms of electronic visualization with a single content and a method of teaching, you can 
see how each of them contributes to the formation of learner`s scientific concepts, provides an effective 
acquisition of learning information. At the same time, by all means (inherently), one cannot exclude 
the role of psychological factors - cognitive, motivational, behavioral characteristics of learners - in as-
similating information in the learning process.

The above findings allow the authors to suppose that certain correspondence of considered peda-
gogical conditions and psychological factors provides improved efficiency of assimilating of learning 
information, which can be determined by the integrated use of the evaluation techniques of acquisition 
results. In this regard, a psycho-pedagogical model of evaluating of acquisition effectiveness of the visual 
information of learners in e-learning was formulated, which later was tested in practice and received the 
evidence as a result of the conducted study.

EMPIRICAL JUSTIFICATION OF A PSYCHO-PEDAGOGICAL MODEL 
FOR EVALUATING OF EFFECTIVENESS OF STUDENTS’ LEARNING

A psycho-pedagogical model for evaluating the effectiveness of students` acquisition of visual information 
in e-learning environment allows to solve the problem of fragmentation of psychological and pedagogical 
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approaches in ensuring of the learning process effectiveness. The main value of the proposed model - 
focusing attention on the fact that the pedagogical conditions and psychological factors of learning can 
and should be combined with an increase in the level of acquisition of learning information.

The model includes the following components:

1.  Pedagogical Conditions: Lexical features of the educational terminology; electronic visualization 
of information in different forms – text, charts, comics.

2.  Psychological Factors of Learning: Students’ psychological characteristics (motivation, cognitive 
and behavioral features) which can facilitate or hinder acquisition of visual information.

3.  Methods of Evaluating of Learning Effectiveness: Concept maps and control tasks which are 
created on the basis of Bloom’s taxonomy.

This model can help teachers to create conditions for students’ more effective absorption of visual 
information by taking into account the correspondence between students’ psychological characteristics 
and forms of electronic visual rows used in education.

To confirm theoretical justification of the model (see background) an experiment was conducted to 
prove the effectiveness of psychological and pedagogical model providing students’ acquisition of infor-
mation presented via different visual forms by means of electronic tools. The content of the experiment 
included a study of the students` acquisition of learning information in dependence upon the form of 
presentation while using multimedia presentations as well as identification of learners` psychological 
characteristics, that help the acquisition of material presented in three visual forms (text, charts, comics).

The Design and Procedure of the Study

As a criterion of acquisition effectiveness the authors have identified the level of students` acquisition 
of learning information and the dynamics of changes in the knowledge system. Means of the acquisition 
evaluation are:

1.  Test tasks, developed on the basis of Bloom`s taxonomy of educational objectives (knowledge, 
comprehension, application, analysis, synthesis and evaluation of learning material) (Bloom, & 
Krathwohl, 1956).

2.  Concept maps drawn by students before and after studying the suggested material.

The research design involved conducting of lectures-presentations in the framework of educational 
process on discipline “Psychology” for students of natural sciences and physical-mathematical special-
ties. According to the curriculum three themes (“Abilities”, “Temperament”, “Character”) which were 
necessary for studying by students of these specialties were selected. Each topic was studied separately 
with an interval of one week. Checking of the level of information acquisition was conducted immedi-
ately after the lecture with a test and after completion of the study of all three themes with a final test. 
The results were analyzed discretely for each faculty and collectively for the entire sample. Dynamics 
of changes of the conceptual row was recorded on the basis of concept maps.

The first (organizational and methodical) stage of the experiential study. Lectures with multimedia 
presentation of learning material were developed in three forms - texts, charts, comics on three themes 
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of “Ability”, “Temperament” and “Character”. The visual range was chosen as the most widespread 
electronic visibility used in the classroom with multimedia presentations.

Slides with texts were a narrative of main concepts and topic content in the form of sentences. Charts 
for presentations were developed based on the following criteria: the logical links between the chart 
elements, the presence of two to ten items in one chart, a minimum of text description. To create lecture-
presentations in the form of comics stories-illustrations for every concept covered within each theme 
were well thought out as well as prepared sketches of drawings on the basis of which professional artists 
subsequently created the illustrations, translated into a digital format were prepared. The presentations 
were designed in the same style: white background and black letters or black-and-white drawings in 
comics to avoid the influence of color on perception of information.

Subsequently, for each topic tests were developed, which consisted of six tasks, one for each learning 
goal of Bloom’s taxonomy. Each task was evaluated on a five point scale (1 - no response or wrong answer, 
5 - the job is done right). The authors identified indicators for evaluation of concept maps of students:

• Evaluation and comparison of lexical characteristics of concepts (scientific concepts, interdisci-
plinary, special, worldly concepts, concrete and abstract concepts in a map).

• Concept map scoring structure (number of links between concepts).

For diagnostics of students` individual characteristics the authors selected four psychodiagnostic 
methodics in three basic psychological domains: cognitive, motivational and behavioral.

Psychological assessment of cognitive aspect of learning information acquisition was based on the 
questionnaire “Thinking Styles” (R. Harrison, R. Bremson). The questionnaire diagnoses five thinking 
styles - analytical, synthetic, idealistic, pragmatic, realistic.

Students` motivational characteristics were studied on the basis of the inventory “Motivation of learn-
ing” (Rean and V. A. Yakunin, N. Badmayeva’s modification). The questionnaire includes the following 
scales: communicative learning motives (knowledge required to communicate and work with people); 
social learning motives (the desire to get an education to achieve a position in society); professional 
learning motives (the aspiration to become a good specialist); educational-cognitive motives (the desire 
to gain in-depth knowledge); the motive of failure avoidance (avoidance of situations that could fail); 
the prestige motive (the desire to be the best among others); the motive of creative self-actualization 
(the desire to learn something new and make discoveries necessary for the development of society).

Behavioral characteristics of the individual in the learning process were assessed by questionnaires:

1.  “Styles of learning” of Canfield (Canfield learning styles inventory) includes four categories, each 
of them consists of several scales. Those scales are conditions (peer, organization, goal setting, 
competition, instructor, detail, independence, authority); content (numeric, qualitative, inanimate, 
people); mode (listening, reading, iconic, direct experiment); expectancy performance (super, 
average/good, average/ satisfactorily, unsatisfactorily).

2.  “Diagnostics of self-organization functions” (A. D. Ishkov) is structurally formed by seven scales: 
goal setting, situation analysis, planning, self-monitoring, correction, strong-willed efforts, the 
overall level of self-organization.

3.  “State Metacognitive Inventory” by Harold F.O’Neil, Jamal Abedi, is aimed at identifying the ability 
to metacognitive regulation of their own activities on such scales as: planning (having a goal and a 
plan to achieve the goal); self-monitoring (a self-checking mechanism to monitor goal achievement); 



193

A Psycho-Pedagogical Model for Evaluating Effectiveness of Students’ Learning
 

cognitive strategy (having a cognitive or affective strategy to monitor either domain-independent 
or domain-dependent intellectual activity); awareness (the process conscious to an individual).

The second stage of empirical research was associated with implementation of the experimental part 
of the research in the classroom – conducting lectures-presentations, test papers, filling in questionnaries 
by students. For the experiment the authors have chosen two faculties of St. Petersburg State University 
– Faculty of Applied Mathematics and Control Processes (AMCP), Faculty of Biology. The sample for 
each faculty included three academic groups, consistently each of them was given lectures with pre-
sentations of learning information in the form of texts or charts, or comic strips (Table 1). Division of 
students into academic groups within each faculty was based on the established schedule. Prior to the 
lectures students were asked to draw a concept map on the lecture theme.

Regardless of the form of presentation of the material, each lecture-presentation was accompanied 
by the same (depending on theme) comments of the teacher. All classes were conducted by the same 
lecturer. Immediately after the lecture, the students wrote a quiz on the material covered, as well as drew 
a concept map. Upon completion of the experiment students were invited to fill in psychodiagnostic 
methodics, as well as the feedback questionnaire.

Participants

The initial sample involved 166 students of the Faculty of Applied Mathematics and Control Processes 
(AMCP) (n=76 female and 90 male students, aged between 19 and 23, the mean age - 21.06) and 111 
students of the Faculty of Biology (n=80 female and 31 male students, aged between 18 and 25, the 
mean age - 18.9). All of the participants were studying at St. Petersburg State University.

To determine the combined effect of pedagogical conditions and psychological characteristics of 
students on the efficiency of acquisition at each faculty the participants were divided into three groups 
– those with high, medium and low degrees of acquisition of information - based on their results of 
control tasks after studying the subjects presented in different forms. The division into groups was made 
as follows. The average score for the test works made by the students after passing those in the form of 
texts, charts and comics, as well as the standard deviation for each value were calculated. In the group 
with a high level of information acquisition for each form of imaging the students with the average score 
plus standard deviation were included. Table 2 shows the number of scores for tests in groups of students 
with a high level of acquisition.

In this chapter the authors present the results of groups with a high level of acquisition to show how 
the set of psychological factors and the electronic visualization form are related to the effectiveness of 
mastering of learning information acquisition.

Mathematical statistical methods of data processing used in our study are the criterion of T-Wilcoxon, 
discriminant analysis, regression analysis. Data management and analysis were performed using SPSS 20.0.

Findings

The feedback questionnaire was aimed at finding out the students` attitudes to the forms of visualiza-
tion and evaluation of textual, schematic and illustrated forms of presentation of learning material. To 
the question “With the help of what form of visualization would you like to continue learning?” 50% of 
respondents selected charts, 36% - comics, 14% - texts. Further analysis of the feedback questionnaires 
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(criterion of T-Wilcoxon) have revealed the following: comics are subjectively perceived easier than texts 
(p≤0,000), and are assessed to be more emotional than texts (p≤0,000) and charts (p≤0,000). Accuracy 
and efficiency in the transfer of information of presentations in the form of comics and of charts are on 
the same high level (p≤0,003). According to students` opinions, presentations in the form of comics 
have some advantages over the texts and charts. Text presentations do not win on any of the proposed 
criteria for assessment. It should be noted that the personal impression and students` preference of any 
form of visualization do not indicate its effectiveness in information acquisition.

Comparison of concept maps created by students before and after completing each topic, allowed to 
identify significant differences in information acquisition in dependence on varying electronic forms of 
visual row (T-Wilcoxon). Presentations in the form of text contributed to the decrease of interdisciplin-
ary concepts (p≤0,000) in the students` concept maps. After studying topics in charts (p≤0,000) and 
comics (p≤0,000) the number of concepts increased. For generating a certain level of understanding of 
the studied topics charts (p≤0,000) and comics (p≤0,000) turned out to be the most appropriate. Texts, 
conversely, contributed to the increase of abstract concepts (p≤0,03). Furthermore, all three forms of 
visualization ensured overall development of the conceptual field about studied topics (after passing 
topics in students` cards the total number of concepts and the number of new concepts to those already 
mentioned in the concept map, drawn prior to the classes (text p≤0,02, for charts and comics p≤0,000)) 
increased, and led to a decrease in the number of life concepts (p≤0,000).

Significant differences between efficiency of execution of certain types of tasks on Bloom’s taxonomy 
in dependence on the specifics of electronic visual range (criterion of T-Wilcoxon) were found. Tasks 
on material knowledge were performed better by the students if the information was studied in the form 
of comics (p≤0,005) or charts (p≤0,001), but not texts. The textual form of visualization (p≤0,006) 
(compared with the charts) contributed to understanding of the material. Students coped better with 
analysis (p≤0,04) and synthesis of information if they studied it before in the form of charts, not in text 
form (p≤0,001). Tasks on the evaluation of material with specific parameters were also performed by 
the students better if the information was studied in the form of charts, rather than in the form of texts 
(p≤0,001). The advantage of comics at the level of the statistical trends was evident in the execution of 
tasks on the use of the material, compared with textual form of visualization (p<0,06).

In order to determine the differences in psychological characteristics of students with high and low 
acquisition levels for each form of electronic visuals depending on their professional orientation, dis-
criminant analysis was conducted. As a dependent variable high or low level of acquisition for each form 
of visualization was selected. As independent variables were the psychological parameters of cognitive, 
motivational and behavioral characteristics of students. The interpretation was subjected only to those 
discriminant functions, which statistical significance showed significant value (p≤0,001, p≤0,01).

As a result of analysis for mathematics students with a high level of learning for each form of visualiza-
tion, two discriminant functions were revealed (Table 3). Statistical significance of the first function had 
a significant value at the level of p<0,011, for the second function there was no statistical significance 
(p≤0.180) and it was excluded from further analysis.

The positive pole of the function was formed by such variables as competition (condition of educa-
tion) (0,093), reading (teaching method) (0,090), autonomy (condition of education) (0,078), a teacher 
(condition of education) (0,067). They all relate to the conditions and styles of teaching. On the negative 
end there were the following variables: learning motive – creative self-realization (-0,150), commu-
nicative learning motives (-0,147), social learning motives (-0,059). Thus, at one pole of the function 
there are the variables related to organizational (methods, learning environment) component of train-
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ing activity united, at the other – associated with motivational (breadth of interest, range of incentive 
imperatives realized in the learning situation) component. Therefore, this function the authors refer to 
as “Motivational-organizational”.

Let us concretize on the evolved function of the group distribution of students-mathematicians with 
a high level of acquisition for each form of visualization. The group with a high level of information 
acquisition in the form of text had the distribution from negative plus to positive. The students were 
divided into two subgroups – one located at the negative pole of the function, the second - at the posi-
tive. Thus, the authors can conclude that the motivational characteristics and the presence of certain 
learning conditions are equally important for a good information acquisition presented in text form. The 
results of the mathematics students with a high level of acquisition through comics are grouped around 
the positive pole of the first function. This means that the effectiveness of the information acquisition 
presented in the form of comics, is caused largely by the conditions of learning: autonomy, the presence 
of the situation of competition in the study group and a good relationship with the teacher, and study 
of material through reading texts.

Observations of the students with good information acquisition in the form of charts, mostly located 
on the negative end of the function, but also affect the positive. In this regard, the authors can conclude 
the following. Effective acquisition of electronic information, presented in a schematized form is more 
characteristic for students with a strong motivational component. In the meantime, there is a small group 
of students whose acquisition effectiveness is determined by the conditions of educational activity. Then 
discriminant analysis for students of the faculty of biology with a high level of achievement by text, dia-
grams and comics was conducted. The analysis identified two discriminant functions (see Table 4). Both 
functions have an adequate level of significance (p < 0,000 and p < 040), and suitable for interpretation.

The negative pole of the first function was not established by any of the variables. The positive pole 
consisted of two key variables: the idealistic style of thinking (0,016) and failure avoidance motive 
(0,004). Because of the content of these two variables this function is referred to as “Intuitive-protective 
behavior strategy in learning activities”.

The positive pole of the second function includes metacognition “control strategy of intelligent ac-
tivity” (0,082), the intensity of the relationship with the teacher (0,079) and the following conditions of 
study: additional information about jobs and requirements (0,064), teacher`s careful planning of classes 
(0,064). From the obtained set of variables, it becomes clear that the characteristics of metacognitive 
regulation and in terms of teaching are united here.

The negative pole of the second function was formed by such parameters as the quality reception when 
learning new material (prefer to study new material by reading and working with words, language in the 
form of written assignments, conversation) (-0,063), the ability to adjust their actions (self-organization 
component) (-0,063), self-realization as the motive of the learning (-0,026). Given the descriptions of 
the variables positive and negative poles, this function can be called “external and internal control of 
the learning situation”.

According to the obtained distribution of observations a group of students with good information 
acquisition in the form of comics, are grouped in the positive area for the first function and in two ranges 
(positive and negative) – for the second function. Thus, the authors can distinguish two subgroups of 
students – one enters the area - the positive pole of the first function and the positive pole of the second; 
the other group - in the area with the positive pole of the first function and the second negative. Accord-
ingly, the first subgroup is composed by students with a focus on external control in learning situations, 
but tend to be intuitive judgment when solving problems, and motivation failure avoidance in training. 
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The second subgroup is characterized by a focus on internal control of the learning process, but with 
the least orientation towards idealistic thinking style and avoidance motivation.

The students with a high level of acquisition of textual information are also divided into two sub-
groups – the first is in the area formed by the negative pole by the first function, and negative on the 
second, the second - in the area between the negative pole by the first function and the second positive. 
However, among the structural coefficients, significant parameters, forming the negative pole of the first 
function cannot be identified. Thus, the authors can characterize these observations only by negative and 
positive values of the second function. In other words, students with high level of acquisition through 
the text are characterized by either a orientation to internal control of the learning situation, or show the 
importance of external control of the teacher for educational activities.

It is noteworthy that students with a high level of the material acquisition in the form of charts dis-
tributed throughout the schedule, i.e., reach all areas formed by the crossing of two functions. Thus, 
the successful acquisition of schematic information of students-biologists is linked to the emotional-
evaluative aspect of the learning activity, where the dominant can be both external and internal situation 
of control over the learning process.

Summary results of discriminant analysis for students of the faculty of biology and faculty of AMCP 
with a high level of acquisition are presented in Table 5.

Students of mathematics with a high level of information acquisition in the form of text, demonstrate 
the manifestation of the motivational component of learning activities (with different range of dominant 
imperatives), as well as the importance of the organizational aspect of learning: the existence of a com-
petitive environment in the study group, the opportunity to establish a good relationship with the teacher, 
set goals and devise a plan of action. Students of the faculty of biology are oriented to existence of self-
control and external control by the teacher in the learning process. For students of the faculty of AMCP 
with a high level of information acquisition on comics specific situational and stylistic characteristics 
of learning activities are important, while students-biologists with a desire for self-control and control 
their learning activities have a tendency to intuitive-protective behavior strategies (the dominance of 
idealistic style of thinking and failure avoidance motive in learning situations).

Students of the faculty of AMCP with good information acquisition in the form of diagrams, have a 
strong motivational component of learning activities (the presence of such learning motives, as creative 
self-realization, communication motives, and the avoidance motive) and low importance of the learning 
environment (such as the presence of competitive conditions in the study group, the relationship with 
the teacher, opportunities to show independence). Students of the biology faculty tend to have intuitive-
protective behavior strategies in learning activities.

Conducted regression analysis allow to determine the influence of individual variables on the effi-
ciency of acquisition for each form of visualization. Detailed description of the results are presented in 
the paper of Kostromina and Gnedykh (2016). It was found that the largest “contribution” to information 
acquisition in the form of a text for mathematics students was made by a synthetic style of thinking, but 
with reverse effect (-0,35) – its use “reduced” the level of acquisition in text-based multimedia slides. 
The greatest “contribution” of the students of the faculty of biology also with reverse impact was made 
by the presence of competition in the learning environment (-0,76) – this feature prevented effective 
acquisition of textual information.

For students of the faculty of AMCP the high level of acquisition of learning material, presented in 
the form of comics, is conditioned by such features as self-control ability (0,51), metacognitive regulation 
activities (0,46), the presence of learning-cognitive motivation (-0,29), as well as a tendency to satisfac-
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torily evaluate their achievements (0,31). Average rating of achievements (0,52), the predominance of 
social motivation of learning (0,17), the inclination for idealistic style of thinking (0,44), as well as the 
importance of competition in the learning environment (0,24) provide better acquisition of illustrated 
material for students-biologists.

The high level of acquisition through charts by the students of AMCP faculty is conditioned by the 
application of qualitative methods of information processing during learning (0,38), the presence of 
professional learning motives (0,40), preferences in the perception of information aurally (0.60) and fo-
cusing on the learning process without the distraction of building a relationship with the teacher (-0,43). 
The presence of students of biology faculty of the tendency to manifestation of volitional efforts (-0,84), 
unsatisfactory evaluation of their achievements (-0,42) reduces the level of acquisition of schematic 
information for students of biology faculty.

The conducted research allowed to identify the correlation of pedagogical conditions and psychologi-
cal factors of acquisition. Students of the AMCP faculty with a high level of acquisition of textual and 
chart information show the manifestation of the motivational component of learning activities, but for 
students, assimilating learning information well in the form of texts, the organizational aspect – the condi-
tions of educational activity- is also significant. In the meantime, this psychological (situational-stylish) 
determinant is necessary for the effective acquisition of learning information, presented in the form of 
comics: the preference of learning new material through reading, the desire to set goals independently 
and consider ways to achieve them, presence of the competition situation in the study group and a good 
relationship with the teacher.

For students of the biology faculty, well assimilating learning information in the form of charts and 
comics, in addition to the need to monitor the educational situation, the distinguishing feature is the 
tendency to intuitive-protective behavior strategies in learning activities. For students who effectively 
assimilate the text information, the presence or absence of external (from a teacher) or internal control 
is very important.

Thus, the findings allow to identify forms of electronic visual information which are more suitable 
for students of certain psychological types and to find out the specifics of the impact of these forms on 
the quality of forming of the students` knowledge system in the learning process via IT.

On the basis of the present study, the following conclusions can be drawn:
The electronic visual information in the form of texts provides the abstract level of subject understand-

ing by students; students with a wide range of interests, cognitive and professional motives of learning 
and pragmatic style of thinking most effectively assimilate information in the form of texts.

The information in the form of charts reinforces special concepts of a subject in learner’s knowledge 
system, provides subject understanding at the concrete level and facilitates students’ ability for analysis, 
synthesis and evaluation of educational material. Students with motivation of self-realization in learning, 
synthetic or idealistic thinking styles, predisposed to avoid failures and capable to self-regulation have 
the high degree of acquisition of information in the form of charts.

Comics facilitate acquisition of special concepts of a subject in students’ knowledge system and 
best memorization of learning material. Students oriented to cooperation in work, capable to plan their 
activity most effectively assimilate information in the form of comics.

The conducted study allow to confirm the hypothesis that there is a correspondence of psychological 
factors and teaching conditions affecting the effectiveness of students` acquisition of learning information, 
explored using different forms of electronic visualization. Furthermore, the effectiveness of the concept 
maps and Bloom`s taxonomy for assessing of the level of students` acquisition of learning material, 
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presented in different forms of electronic visualization. The latter allows to consider these methods of 
diagnostics of acquisition effectiveness of learning information as a reliable pedagogical tool of evalu-
ation in e-learning.

SOLUTIONS AND RECOMMENDATIONS

The introduction of IT in education involves the development of educational programs that allow students 
to explore scientific concepts and practical skills (Computing Curricula. The Overview Report, 2005). 
These programs contain a set of pedagogical conditions that ensure the effectiveness of acquisition of 
educational information. The form of knowledge transfer, the content of programs and used didactic means 
are determined by its developers. However, the acquisition result can be different and is always unique.

When studying the effectiveness of application of a variety of information technologies scientists use 
different methods. For example, some authors propose to correlate online learning outcomes with the 
frequency of student`s viewing of learning content (video lectures and PowerPoint slides) – the more 
often students refer to the materials, the higher will be the final test grades (Reinecke, & Finn, 2015). 
The disadvantage of this approach in evaluating the success of training lies in the fact that students` 
individual characteristics are not considered - someone needs only a small amount of information to 
understand and learn it but someone needs more various sources and more views.

It may also happen that a student looks through all the material for the course, but cannot learn 
it, whatever various techniques are used - video clips, audio recordings, texts, etc. Consequently, the 
number of viewed classes is not be an indicator and a guarantee of high learning outcomes. Therefore, 
many scientists point out that the success of students` interactions with IT depends on their personal 
characteristics (Colvin-Sterling, 2016; Saadé & AlSharhan, 2015).

Another method of identifying the factors affecting academic success is the students` opinions. The 
researchers Aimao Zhang, Cheryl Aasheim (2011), based on the literature review identified and classi-
fied the most common factors affecting the results of student learning, and then asked students to rank 
the data from the most important factors in achieving success to least important. Using this method, 
teachers must first pay attention to the fact that the results are subjective evaluations of students, based 
on their observations of non-systematic, personal opinions. There specific cause-and-effect relationships, 
the proportion of the contribution of a particular condition in academic achievement are not traced.

Another model for evaluating the effectiveness of training with the help of IT, in particular, on-line 
training, includes three types of interactions required for the analysis - instructor-student, student-student, 
student-content (Marks, Sibley & Arbaugh (2005). The advantage of this model is that it considers a 
combination of several sides of the educational process, which have a mutual influence on each other and 
on the result. Restrictions, in turn, relate to the lack of attention to such interaction as instructor-content. 
Since it is the lecturer who chooses the content and means of transferring of learning information, his 
selection can also determine the acquisition effectiveness of course materials.

Most of reviewed approaches to providing and evaluating of learners` effective acquisition of learn-
ing information in interaction with the IT focus on one specific area - either pedagogical conditions or 
student activity (interaction with a teacher, with each other or with the course content), or their personal 
opinion on the use of IT in education. The model, which is offered by the authors of the chapter allows 
comprehensively and objectively evaluate the results of learning, and enables teachers to consciously 
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approach the selection of pedagogical conditions and account psychological characteristics of students 
to improve the effectiveness of acquisition. Furthermore, the model takes into account the possibility of 
feedback. Although in this case, their subjective estimates and opinions concerning the use of texts, charts 
and comics in presentations do not guarantee that the learner understands information better with its help, 
the true impact of this form on acquisition effectiveness you can be checked only by objective methods.

On the ground of obtained results, the authors have developed guidelines for working with different 
forms of electronic visualization in the educational process:

1.  Lecturer’s choice of the form of visual information for each subject module should depend on a 
goal of training. If one knows the specific impact of such forms of visualization as texts, charts 
and comics on memorizing, analysis, synthesis, evaluation or application of educational material, 
the choice of a visual form can be more substantiated.

2.  A lecturer should take into account lexical features of the subject educational terminology: preva-
lence of abstract or concrete, specific or multidisciplinary concepts, etc. Some forms of visual 
information can facilitate the acquisition of certain terminology.

3.  A lecturer should keep in mind that the efficiency of students` interaction with texts, charts and 
comics depends on their psychological characteristics. To make the learning process more effective 
teachers can propose a more suitable form of visualization of information for students on the basis 
of their individual features (thinking styles, type of learning motivation, ability to self-regulation 
etc.).

Considering the time constraints, often not allowing to evaluate the psychological characteristics of 
students on the basis of psycho-diagnostic questionnaires, as recommendations for the identification of 
cognitive, motivational and behavioral characteristics that have an impact on the effectiveness of acqui-
sition of learning information, the authors offer the following:

1.  At the first session when meeting with students a lecturer can apply the methods of problem tasks 
with a group discussion in which students will be able to express themselves. This will allow the 
teacher to observe them, and on the basis of observational data to try to determine their psychologi-
cal characteristics, which will help him in the future to prepare visual aids for lectures according 
to the identified characteristics of acquisition.

2.  If the lecturer has to develop a distance course, and if it is not possible to hold the first session with 
students, in this case it is recommended to give first test task to the group of students, in the course 
of which they will demonstrate self-organization skills (goal setting, the ability to self-control and 
correction of the actions, etc.). The elements of the tasks can be a work project, on completion of 
which the teacher can send the works for expertise to other members of the group. On the basis of 
each student`s task results, the lecturer will be able to draw conclusions about the psychological 
characteristics of students and offer them the form of visualization, which helps learn the course 
material most effectively.

The differences in the impact of complex psychological and pedagogical conditions on the learning 
effectiveness stress the importance of a differentiated approach to interaction with IT in education.
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FUTURE RESEARCH DIRECTIONS

The proposed model, on the one hand, opens up prospects for improving of acquisition quality in the 
use of IT in the educational process, on the other hand, has its limitations. To test the model the authors 
selected PowerPoint presentations as an electronic means of visualization of educational material. The 
question, then, arises – are features identified on the example of presentations common for other elec-
tronic means that can visualize information for studies? For example, in distance or online learning. 
According to the authors, the selected electronic data transmission means will not play a decisive role 
for learning - whether they are PowerPoint presentations, whiteboard, computer screen, etc. It is much 
more important the form in which this information is presented via electronic technology. Although this 
statement requires further testing.

Another point that is worthy of consideration - if the model is applicable not only for training of 
higher school students, but also for teaching learners at school. If we consider the components of the 
model as a whole, then their consideration in school teachers` preparation for classes is acceptable. But 
if we turn to the identified regularities of influence of students` personality characteristics to assimilate 
the information presented in various visual forms, they should be considered only in a particular situa-
tion - for students of mathematics and natural science disciplines. Moreover, assessment methods laid 
down in the model have an age limit to use - you need to consider the intellectual development of the 
children and their capacities for analysis, synthesis and evaluation of information in different age periods 
(Piaget, 1983; Santrock, 2004). This may be one of the directions of future researches.

In addition, it is necessary to emphasize that as a learning material for conducting a research the 
humanitarian subject was selected. As it is known, any field of knowledge (natural science, mathemati-
cal, humanitarian) has its own characteristics that must be taken into account in the teaching of various 
disciplines. The authors suppose that, for example, for exact sciences the specificity of the impact of the 
shape on the acquisition may be different. This restriction is necessary to remember to teachers if they 
want to use the suggested recommendations.

In the future it is also planned to study the neuropsychological mechanisms which provide acquisition 
of learning information while depending on the form of electronic visual row.

CONCLUSION

The necessity for interaction between teachers and students with IT is growing every day, the amount 
of researches in the field of electronic and distance learning is increasing, and the question about the 
effectiveness of the use of electronic technology is still relevant. Since the acquisition of learning infor-
mation and skills by students is a central part of the training, the assessment of their performance must 
be adequate and all-round, taking into account both external conditions (didactic) and internal factors 
(psychological) of learning activities.

The main objective of the chapter is to offer an integrated approach to organization of assessing the 
effectiveness of students` training on the basis of electronic visual rows combining pedagogical and 
psychological aspects of training.
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It should be noted that the recommendations made on the basis of the research results, can be used 
by not only teachers but also by the students: considering their personal characteristics, the learners can 
choose the form of visualization of the learning material which is most effective for the learning mate-
rial acquisition.
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E-Learning: Learning with the application of all kinds of electronic tools.
Electronic Visual Rows: Consecutive information in the form of illustrations, symbolical and graphic 

presentations, both static and dynamic (animation or a video series) which is stored in a digital form and 
is shown on the computer screen or by means of information technologies.

Information Acquisition: Complex process of information perception, understanding, memorization 
and ability to use it in different conditions.
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ABSTRACT

Experts affirm that interaction in learning settings represent a necessary process for knowledge acquisi-
tion and cognitive development. In this vein, is crucial to ensure effective interaction and communication 
through the user interface of MOOCs. This work proposes a set of design guidelines as starting point for 
developers to integrate a set of interactive elements into the MOOCs’ user interface oriented to foster 
the four basic types for communication in distance education. The design guidelines were conformed 
through a need-findings process (observing people-interviewing), in which 35 participants provided 
their user experience perceptions after using MOOCs from edX; Coursera; and Udacity. Obtained 
results suggest a particular set of interactive communication elements that should be incorporated in 
every MOOC’s user interface.

INTRODUCTION

Nowadays, the teaching and learning demand is growing inordinately around the world; this phenomenon 
suggests the need of radical changes and innovative strategies oriented to reinforce currently available 
techniques.
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Additionally, new learning proposals should encourage lifelong learning, besides factors such as 
society, professional life, among others. In this way the process should be customized, adapting itself to 
the student requirements and abilities. Similarly it should consider student’s free time, other activities 
and the acquired knowledge through both cultural and educational life of the student (Christopher, 2013).

There is a need that can be fulfill with a tool that gives the possibility to be used in different times 
and places, a tool host in the cloud that allows the self-taught person easy access to the information 
and tuition during the learning process. This tool that gives solution to these requirements is a MOOC.

The main goal of the MOOCs is mostly focused on provide access to the people who are looking for 
get their education completed, or even the people who want to extend their education, but in some way 
cannot do that in classrooms (Dasarathy, Sullivan, Schmidt, Fisher, & Porter, 2014).

The MOOCs are developed based on the great experience of the biggest Universities in the subject 
of distance education and open resources.

The MOOCs are accessible, and the high quality courses allow to the students to develop knowledge 
to support their own learning goals (Al-Zoube, 2009). The main attribute or strength of these courses 
is their scalability, meaning that, a course which has been already developed can be reach globally, al-
lowing to the big amount of students to be part of the specific topic.

The biggest achievements of the MOOCs include the capability of get together some of the finest 
academic people of the best Universities through the world in order to develop the material and resources, 
and the more special one are to offer free courses. The MOOCs are often known as supercharged distance 
education courses.

Thanks to the increasing amount of the information sources through network, the MOOCs have been 
better structured. Much teaching material consists of pre-recorded lectures/videos divided into weekly 
sections with assignment tasks. They have a specific start and finish date and students sign up online. 
The courses are last for a few weeks and might be offered two or three times by year. A wide range of 
interactive and media tools are available to students to enable them to interact with other learners. For 
example, video lectures, online discussion boards, blogs, wikis and social networks such as Twitter and 
Facebook. There are also opportunities to meet face to face with fellow students, in meet-up organized 
by students themselves. As the learning support is provided by the online learning community, students 
can form support groups as they require. The assessment of MOOCs is carried out mostly using peer 
and self-assessment and computer assessed assignments. There is often no requirement for interaction 
between the teacher and the student.

The courses are offered by commercial startups, working with elite universities and professors and 
some of the best known examples are Coursera, Udacity and edX.

Coursera was founded in 2012 Stanford affiliates, computer science professors Andrew Ng and Daphne 
Koller. It is a for-profit company, though it currently does not generate any revenue. Coursera have the 
most diverse course selection of all the MOOC providers and currently have over 4 million students and 
410 courses from 83 partner institutions. Partners include the University of California, University of 
British Columbia, Oxford University and Princeton.

Udacity was founded by Sebastian Thrun, who is a former professor of computer science at Stanford 
University and the creator of the artificial intelligence system behind Google´s self-driving cars. He left 
Stanford to spearhead this new venture soon after the huge success of his online artificial intelligence 
course in 2011, which attracted over 160,000 students from more than 190 countries. Udacity’s focus 
is on college-level courses for building and applying your knowledge of STEM (Science, Technology, 
Engineering, and Mathematics) disciplines.
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EdX, unlike the other organizations, is a venture spearheaded by universities themselves and was 
conceived as a platform to provide an MIT to anyone who wants it. EdX grew out of the MIT initiative 
–the brainchild of MIT President L. Rafael Reif (then MIT´s provost) and Professor Anant Agarwal. It 
was branded as an open platform that other universities could join and leverage for their own residential 
education purposes. Since its inception, the University of California, Berkeley has become a part of 
the venture. EdX is financed mostly by its member institutions and the courses and certifications are 
currently free.

Early examples of MOOCs go back to 2007-2008, Canadian academic Downes and Siemens led an 
online course called Connectivism and Connective Knowledge. They provided free access to anyone to 
participate, in addition to their 25-fee-paying students, and more than 2,200 students joined. Cormier 
described this type of course a Massive Open Online courses (MOOC) defined as a course with a star 
and end date and that is open with no barriers to entry, neither cost nor education criteria. The Con-
nectivism and Connective Knowledge course was the first to incorporate open learning with distributed 
content, making it the first true MOOC. In 2011, Thrun and his colleagues at Stanford University offered 
a course entitled Introduction to Artificial Intelligence and attracted 160,000 students from more than 
190 countries. Since then, may MOOCs have been produced and offered by institutions, individuals and 
commercial organizations.

These developments in the MOOC sphere indicate an exciting new venture in education. However 
there are many challenges. de Freitas (2013) argues that main challenges are the cost claim or revenue 
model, attrition rates, maintaining quality levels, accreditation, internationalization of course offerings 
and sustainable assessment of MOOCs. Currently providers are experimenting with advertising, licensing 
content and charging for services. Retention rates in MOOCs are often the subject of comment (Daniel, 
2013). Recently Clow (2013) presented the “funnel of participation” in online activities in MOOCs, 
commenting on the steep drop-off in activity, and steeply unequal participation patterns observed in some 
MOOCs and similar learning environments. According to Clow (2013) traditional online and distance 
teaching institutions typically have dropout rates that fall between conventional courses and MOOCs 
and he suggests that it might be “possible to mitigate the impact of the funnel”. This could be possible 
by increasing collaboration among students and designing interactive activities.

Massiveness is the root for all virtues in MOOCs; however it seems to be also its “Achilles Heel”, 
since interactive-communication could be affected because of a limited design of user interfaces. Inter-
active-communications integrate those: Face to Face interactions; Synchronous distributed interactions; 
Asynchronous interactions; and Asynchronous distributed interactions, among the students, course staff, 
faculty, content, and materials; supported by the user interface.

Several educators pointed out the importance of interactive-communications suggesting that it rep-
resents a core element for the seven principles of good practice in education:

1.  Encouraging students / faculty contact.
2.  Developing cooperation and collaboration among students.
3.  Engaging in active learning.
4.  Providing quick feedback.
5.  Emphasizing the amount of time dedicated to a task.
6.  Communicating high expectations.
7.  Respecting diverse talents and ways of learning.
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In line with the above, authors such as (McAuley, Stewart, Siemens, & Cormier, 2010; Waard, 
2011; Levy and Schrire, 2012; Fisher, 2012) emphasizes the importance of well-designed interactive-
communication options for MOOCs, arguing that could help students in building their own knowledge 
and encouraging learning networks from the nodes and connections in the digital environments; natural 
goals of MOOCs.

Background

The massive nature of participation in a MOOC enables the social dimension of learning.A learning 
community with an active culture of participation can constitute an environment where the following 
four phases of experiential learning are more dynamically intertwined:

1.  Diverges combine concrete experience with reflective observation. They learn from examples and 
can analyze these from different perspectives.

2.  Assimilators combine abstract conceptualization with reflective observation. They prefer learning 
from theoretical models.

3.  Converges combine abstract conceptualization with active experimentation. They learn by process-
ing ideas and concentrating on precise problems.

4.  Accommodators combine concrete experience with active experimentation. They learn from ex-
periments and match models to their obtained insights.

Alley & Jansak (2001) have identified 10 keys to quality online learning. The authors suggested that 
online courses will be high quality when they are student-centered and when:

1.  Knowledge Construction: The authors note that educational theory suggests that all knowledge 
is based and constructed upon prior knowledge. They then suggests that problem based learning 
through internet based exercises can effectively make use of this educational principle.

2.  Student Responsibility: In order to encourage student responsibility, a clear web based roadmap 
and targeted competencies are highlighted.

3.  Student Motivation: Distance education provides significant challenges for student motivation as 
much external motivation is not directly visible as in a classroom setting.

4.  Reflection: In order to internalize concepts and understand ideas, students need time to reflect. 
The nature of distance education if properly structured allows time to work through material at the 
student´s own pace, reviewing items that are unclear, and skipping over already known sections. 
Time to internalize can be effectively accomplished via distance education.

5.  Learning is Unique: Different students learn in different ways, at different times, and at different 
levels. Good distance education can allow for unique and individualized educational experiences.

6.  Learning Requires Actual Experience: Best learning is accomplished when students actually do 
and use the information imparted. Good distance education assignments recognize this factor and 
incorporate “doing” into the learning process. The authors suggest two options: learn then do but 
also do then learn, experimenting in the realm without prior knowledge.

7.  Learning is Social and Private: There is both a social aspect to learning where individuals can 
learn from both the instructor and from each other. But also there is time to read and study and 
comprehend the full material. This is often best accomplished in solitude.
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8.  Preconceptions can Impact Learning: The authors suggest that preconceived notions can have 
a significant negative impact on learning and proposes methods for students to self-discover these 
notions and forego false assumptions.

9.  Iterative Learning: As with systems development, rarely does learning progress in a one directional 
straight line. There are many iterations and spirals in both systems development and education.

10.  The Unclean Aspect of Pure Learning: Though there are many successful concepts, there are 
many extraneous factors that can impact the success or failure of an online course.

The online setting provides a level of flexibility and convenience not provided by traditional classroom 
courses. Effective teaching and learning in this setting requires responsible, motivated students whose 
aims are to learn and not to simply get passing grades. Many elements of an online environment can 
lead students to frustration, overloading, procrastination, passivity, isolation and finally disengagement.

Instructors should not take for granted that students have the ability to use effectively the online com-
ponent or have the required previous knowledge on the content subject or are willing to participate in 
meaningful discussions and knowledge shearing. In order for students to be motivated self-learners and 
learn on their own, instructors have to design an environment that promotes interaction, communication 
and problem solving, as means to encourage, motivate and engage students in the learning experience.

Moore (1989) was one of the first who concentrate on interaction issues in distance education. He 
classifies interaction into student to student, student to instructor, and student to content. According to 
him, student to student interaction refers to the exchange of information and ideas amongst students with 
or without the real-time presence of an instructor. Student to instructor interactions refers to the interac-
tion between student and expert which establish an environment that encourages students to understand 
the content better. Student to content interaction is a defining characteristic of education and without it 
there cannot be education. Hillman, Willis, & Gunawardena (1994) described another type of interac-
tion, the student-interface interaction, which focuses on the access, skills, and attitudes necessary for 
successful mediated interaction.

He classifies interaction into student to student, student to instructor, and student to content. Ac-
cording to him, student to student interaction refers to the exchange of information and ideas amongst 
students with or without the real-time presence of an instructor. Student to instructor interactions refers 
to the interaction between student and expert which establish an environment that encourages students 
to understand the content better. Student to content interaction is a defining characteristic of education 
and without it there cannot be education.

There is some evidence that interaction between students and students, students and content, students 
and instructors in MOOCs may influence performance and retention (Navarro & Shoemaker, 2000). 
Northrup (2002) pointed out that since interaction has been found to be a part of overall student satisfac-
tion, interaction should be considered in retention efforts.

Adelskold (1999) suggested that interaction among students could have grater effects on learning in 
a problem solving situation than other types of interaction whereas Kanuka & Anderson (1998) noted 
that interaction between students and instructor could contribute to student satisfaction and frequency 
of interaction in online learning. While Moore (1989) and Murray (2012) pointed out that student to 
content interaction results in changes of student´s understanding, student´s perceptions, or even cogni-
tive structures of student´s mind.

In her research work, Khalil (2013) concluded that student to student is the most interesting type of 
interaction that is used in MOOCs. Also the study found out that there is a big lack on student to instruc-
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tor interaction in MOOCs. This, there is a big need for instructors activities and strategies to enhance 
interaction in future MOOCs.

Khalil (2013) found that one reason that may cause students drop-out or withdraw of their MOOCs is 
feelings of isolation and the lack of interactivity in MOOCs. Palloff &Pratt (2003) believed that feelings 
of isolation are the inherent result poor course design. Physical isolation can be overcome by focusing 
more on social interactions.

MAIN FOCUS: ISSUES, CONTROVERSIES, PROBLEMS

Distance education has a long history, with correspondence courses making use of reasonable cost 
universal postal services for the delivery of study material to learners and for submission/ return of as-
signments by students (Casey, 2008). Further developments of distance education have appeared with 
each new communication technology: radio, television, video recorders, home computing. The latest 
development that of the internet has similarly been adopted by many existing higher education providers 
but has also supported the emergence of a new model dubbed massive open online courses (MOOCs), 
the term coined in 2008 to describe an open online course to be offered by the University of Manitoba 
in Canada. A range of both topics and platforms have since emerged and the term was describing as “the 
educational buzzword of 2012” by Daniel (2012) reflecting widespread interest in the concept. MOOCs 
are widely discussed across a range of media, including blogs and specialist and popular press; however 
this includes “thinly disguised promotional material by commercial interests, and articles by practitioners 
whose perspective is their own MOOC courses” according to Daniel (2012). The promise of MOOCs 
is that they will provide free access, cutting edge courses that could drive down the cost of university-
level education and potentially disrupt the existing models of Higher Education (Future Learn, 2013).

One area that has been identified as an important factor affecting students´ learning experiences in 
MOOCs is student interaction (Mak, Williams, & Mackness, 2010). Many educators pointed out the 
importance of interaction in high quality MOOCs (McAuley, Stewart, Siemens, & Cormier, 2010). 
They confirmed the role of interaction and communication in MOOCs as learners construct their own 
knowledge and develop their personal learning network from the nodes and connections in the digital 
environment. Mak Williams & Mackness (2010) indicated that interaction in MOOCs helps students to 
develop their own ideas, express themselves, establish a presence and make thoughtful long-term rela-
tionships. In addition Chamberlin & Parish (2011) pointed out the importance of interaction in MOOCs, 
saying that “all the work within the MOOC should be shared with everyone else: readings, discussions, 
repurposing of material, among others. The idea is that the more you engage within the course and with 
other participants, the more you will learn.”

Since interactive-communication has been recognized as one of the most important components of 
learning experiences in both, conventional education and distance education, it is crucial to provide an 
adequate environment for students/users (Choi, Lim, & Leem, 2002). In this vein, MOOCs need ad-
equate environments that promote students/users’ satisfaction; motivation; retention; and higher level 
of academic achievement.

Additionally, interactive-communication - as it applies to distance education, including MOOCs - is 
more complicated than it has been treated in traditional classroom teaching, because it depends upon 
students personality, age or cognitive/learning styles, the type of media (real-time or asynchronous) used, 
the support and timely feedback, the sense of belonging in the learning community and students’ percep-
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tions of their learning experiences including “how well” or “how much” they have learned (Kearsley, 
1995; Picciano, 2002, Casey, 2008).

Poor designed environment for interactive communications in MOOCs commonly derives to unfavor-
able situations for both students/users and staff-faculty. Therefore, it is necessary to explore alternatives 
that help developers and designers to generate well-designed environments for interactive communica-
tions conveyed by adequate user interfaces.

The mission of this chapter is describing an alternative that can help developers and designers to 
generate well designed environments for interactive communications in MOOCs.

This alternative is oriented to the development of design guidelines, which will contain the elements 
needed in order to promote the four basic types of interaction inside MOOCs.

In order to development these design guidelines we consider important use the Need-Finding pro-
cess, which will help us to obtain the necessary elements required for the creation of design guidelines.

The word Need-Finding implies the interplay between needs and recognition. A need is in itself a 
perceived lack of something (Faste, 1987), and such needs are difficult to express in terms of a potential 
solution. Something is a dilemma when the actors realize that all choices lead to unsatisfactory solutions 
(Löwgren & Stolterman, 2004).

A main principle of Need-Finding is to look for needs, not solutions. It is important to keep all possible 
solutions open for consideration and avoid prematurely limiting the possibilities. A second principle is to 
make research and design ‘seamless’, meaning that the Need-finder is involved in both studying people 
and conceptualizing new products. Furthermore, it is important to go to the customers’ environment 
and let the customer set the agenda.

SOLUTIONS AND RECOMMENDATIONS

The solution to the problem for this work is structured as follows:

1.  As a first step a need-finding process is perform, having to steps that consist in the first for obser-
vation and in the second a survey to MOOCs users.
a.  Observing people interacting in a MOOC, a list of interactive tools that are offered in Udacity, 

Coursera and edX can be obtain. A first approximation of the list of elements of interaction 
that conform the design guidelines can be acquire.

b.  By applying surveys students describe how they interact with other course members, what are 
the advantage of this interaction also what tools they would like to use for a richer and more 
fluent communication.

2.  Once the need-finding process is perform, we proceed to elaborate a list of the results, which detects 
the elements need it to facilitate a more effective interaction and communication in the courses, 
and also promotes the four basics types of communication of distance education, which are student 
to student, student to teacher, student to content, and student to interface.

3.  Once the list of interaction elements is created, creating the design guidelines follows, there are 
five basic elements contain in the guidelines, which are:
a.  Name of the guide, it has to be descriptive and oriented to de context
b.  Problematic, this is the reason why this guideline is required
c.  Context that talking about the benefits that offer the design guideline
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d.  Solution this is the interaction tools proposal that fulfills the needs and brings the solutions 
listed in the section before

e.  An example of the application of this solution

Need-Findings

Need-Findings is an efficacious technique from Human-Computer Interaction (HCI) to identify and 
understand the people/users’ needs based on their activities and tasks (Hartson & Pyla, 2012).

Need-Findings is flexible and could be performed in several manners; however, the most common 
procedure is to combine observation and interview (Schaffhausen, 2015). As mentioned by HCI guru 
Scott Klemmer in his HCI MOOC (Klemmer, 2015), observing people in their action field is very useful 
to realize that set of tasks and activities that they need to achieve for particular purposes. In this way, 
the perfect complement for observing people is interview, which allows getting specific information 
about the goals; steps; artifacts; and pain-points (improvement opportunities) from current designs and/
or processes used/followed by people in their daily activities.

In this vein we performed a Need-Findings process in order to get a solid context of the basic tasks 
and activities which should be supported by interactive-communication elements provided by the User 
Interfaces in MOOCs.

Observing People

Participant observation, for many years, has been a hallmark of both anthropological and sociological 
studies. In recent years, the field of education has seen an increase in the number of qualitative studies 
that include participant observation as a way to collect information.

Marshall and Rossman (1989) define observation as “the systematic description of events, behaviors, 
and artifacts in the social setting chosen for study” (p.79). Observations enable the researcher to describe 
existing situations using the five senses, providing a “written photograph” of the situation under study 
(Erlandson, Harris, Skipper, & Allen, 1993). DeMunck and Sobo (1998) describe participant observation 
as the primary method used by anthropologists doing fieldwork. Fieldwork involves “active looking, 
improving memory, informal interviewing, writing detailed field notes, and perhaps most importantly, 
patience” (DeWalt & DeWalt, 2002, p.vii). Participant observation is the process enabling researchers to 
learn about the activities of the people under study in the natural setting through observing and partici-
pating in those activities. It provides the context for development of sampling guidelines and interview 
guides (DeWalt & DeWalt, 2002). Schensul and LeCompte (1999) define participant observation as 
“the process of learning through exposure to or involvement in the day-to-day or routine activities of 
participants in the researcher setting” (p.91).

Bernard (1994) defines participant observation as the process of establishing rapport within a com-
munity and learning to act in such a way as to blend into the community so that its members will act 
naturally, then removing oneself from the setting or community to immerse oneself in the data to un-
derstand what is going on and be able to write about it. Participant observation is characterized by such 
actions as having an open, nonjudgmental attitude, being interested in learning more about others, being 
aware of the propensity for feeling culture shock and for making mistakes, the majority of which can 
be overcome, being a careful observer and a good listener, and being open to the unexpected in what is 
learned (DeWalt & DeWalt, 1998).
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As a first step in the need findings process we selected the study target; in this case the three most 
popular MOOCs platforms available, according to (Tekdal, 2015): Udacity, Coursera and edX. Then we 
observed 35 people enrolled in MOOCs from the said platforms. Participants had a lab MOOC session 
interacting with the respective user interface offered through their specific courses doing usual tasks 
and activities. Staff jotted down steps, common procedures, and tendencies when users performed their 
usual activities in MOOC.

This information was discussed in a debriefing session resulting in several ideas which ultimately 
derived in the following set of common interactive communication options available through the most 
popular platforms for MOOCs, see Table 1.

Additionally, we could observe that for “Student to student” interaction Social networks were widely 
used. Specifically, Twitter allowed a quick exchange of resources and thoughts; and Facebook helped 
learners to share resources on the web that can be retrieved later on. Blogs provided students a social 
presence, self-expression, self-indulgence, rich and critical distribution of information. Wikis allowed 
students themselves to easily add, remove, or otherwise edit and change some available content, some-
times without the need for registration. Discussion groups were the second most used tool for “students 
to student” interaction. Meet up tools represents complement alternatives to enhance content access and 
foster collaborative activities.

Most of “student to instructor” interactions take place through announcements. This is because an-
nouncements can be used in a variety of ways to push important information to students in MOOCs. 
In addition they help instructors to “write once so many can read.” This allows MOOCs instructors to 
provide general information from a single location with the assurance that all students are receiving the 
information. While only a limited number of instructors used the tools “guides”, “participate in online 
discussion with students”, and “ask and answer questions” to interact with their students.

On the other hand, homework assignments represent a frequent “student to content” interaction, 
helping students to put into practice lessons learned. Homework assignments are short tasks that pro-
vide students immediate-automatic feedback. In the same way, quizzes and tests were used widely for 
“student to content” interaction, allowing students to take the entire assignment without the assistance 
of learning aids; feedback is provided to students after finish /submits the test for review. These inter-
active elements allow students to keep up with the material and provide them with feedback on what 
concepts they need to review. Moreover, help students to realize the application of learned concepts in 
the real world problems.

Table 1. Interaction in the platforms Coursera, Udacity and edX

Type of Interaction Description Platforms

Face to Face 
interaction.

These platforms have elements like video chats or video calls that promote the face to 
face interaction.

None of the three

Synchronous 
distributed interaction.

These platforms have external elements like social networks or Meetup external 
platforms that promote synchronous distributed interaction.

Coursera, Udacity

Asynchronous 
interaction.

These platform have elements like announcements, videos, courses notes, documents and 
practices/ exercises evaluations that promote asynchronous communication.

Coursera, Udacity, 
edX

Asynchronous 
distributes interaction.

These platforms have elements like discussion forums among students, discussion 
forums between students and staff members and wikis that promote asynchronous 
distributes interaction.

Coursera, Udacity, 
edX
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Interview

Observing people findings were complemented by an interview oriented to know the users perception on:

1.  The real benefits from the current elements for interactive communication available;
2.  The most used interactive communication elements;
3.  The most common issues faced; and
4.  Define what interactive communication options could provide the best user experience.

Interviews provide very different data from observations: they allow the evaluation team to capture 
the perspectives of project participants, staff, and others associated with the project. In the hypothetical 
example, interviews with project staff can provide information on the early stages of the implementation 
and problems encountered. The use of interviews as a data collection method begins with the assump-
tion that the participants’ perspectives are meaningful, knowable, and able to be made explicit, and that 
their perspectives affect the success of the project. An interview, rather than a paper and pencil survey, 
is selected when interpersonal contact is important and when opportunities for follow up of interesting 
comments are desired.

Two types of interviews are used in evaluation research: structured interviews, in which a carefully 
worded questionnaire is administered; and in-depth interviews, in which the interviewer does not follow a 
rigid form. In the former, the emphasis is on obtaining answers to carefully phrased questions. Interview-
ers are trained to deviate only minimally from the question wording to ensure uniformity of interview 
administration. In the latter, however, the interviewers seek to encourage free and open responses, and 
there may be a tradeoff between comprehensive coverage of topics and in-depth exploration of a more 
limited set of questions. In-depth interviews also encourage capturing of respondents’ perceptions in 
their own words, a very desirable strategy in qualitative data collection. This allows the evaluator to 
present the meaningfulness of the experience from the respondent’s perspective. In-depth interviews are 
conducted with individuals or with a small group of individuals.

For this work, the interview was conducted applying the following open-ended questionnaire, which 
was validated by the Chronbach’s alpha with 89% of reliability.

1.  What communication tools are included in the MOOC?
2.  What of these tools do you use to communicate with your partners?
3.  How has been your experience communicating with other students and the staff of the MOOC
4.  How communication with your partners in the MOOC does benefit you?
5.  What are the problems that present you when you communicate with your partners?
6.  How would you change your communication experience using MOOC? Would you use other tools 

instead?

Table 2 summarizes the user perception obtained.
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Analysis and Interpretation of Data

Interview transcripts, field notes and observations provide a descriptive account of the study, but they 
do not provide explanations. It is the researcher who has to make sense of the data that have been col-
lected by exploring and interpreting them.

Table 2 Summary of the users’ perception obtained

Interactive Communication Element

Social networks (Facebook, Twitter, Google +)

Benefits Common Issues Faced

• Discuss issues 
• Announcements and notifications 
• Sharing resources 
• User communities 
• Advices 
• Help

• Slow response time 
• Misunderstandings to express doubts or resolve it 
Low participation of staff

     Interactive Communication Element

Forums and Wikis

Benefits Common Issues Faced

• Discuss issues 
• Receive feedback 
• Help 
• Add points of view and opinions 
• Advices 
• Enrich knowledge 
• Collaboration

• Communication is not real time 
• Low participation of staff 
• Misunderstandings to express some questions or comments are 
not counted because get lost.

Interactive Communication Element

Email

Benefits Common Issues Faced

• Custom messages 
• Resolution of doubts

• Slow response time 
• Late Feedback

Interactive Communication Element

Events calendar, readings, videos

Benefits Common Issues Faced

• It gives the student an idea of topics to be discussed and the 
activities to deliver 
• Help students to understand the issues of MOOC 
• Enrich knowledge

• Unclear tools for student
• Understanding Problems

Interactive Communication Element

Homework, questionnaires, activities and projects

Benefits Common Issues Faced

• Help to evaluate student progress 
• Help to evaluate student understanding

• Do not send activities 
• No feedback
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Analyzing information involves examining it in ways that reveal the relationships, patterns, trends, etc. 
that can be found within it. That may mean subjecting it to statistical operations that can tell you not 
only what kinds of relationships seem to exist among variables, but also to what level you can trust the 
answers you’re getting. It may mean comparing your information to that from other groups (a control or 
comparison group, statewide figures, etc.), to help draw some conclusions from the data. The point, in 
terms of your evaluation, is to get an accurate assessment in order to better understand your work and 
its effects on those you’re concerned with, or in order to better understand the overall situation.

There are two kinds of data you’re apt to be working with, although not all evaluations will neces-
sarily include both. Quantitative data refer to the information that is collected as, or can be translated 
into, numbers, which can then be displayed and analyzed mathematically. Qualitative data are collected 
as descriptions, anecdotes, opinions, quotes, interpretations, etc., and are generally either not able to be 
reduced to numbers, or are considered more valuable or informative if left as narratives. As you might 
expect, quantitative and qualitative information needs to be analyzed differently.

Quantitative Data

Quantitative data are typically collected directly as numbers. Some examples include:

• The frequency (rate, duration) of specific behaviors or conditions
• Test scores (e.g., scores/levels of knowledge, skill, etc.)
• Survey results (e.g., reported behavior, or outcomes to environmental conditions; ratings of satis-

faction, stress, etc.)
• Numbers or percentages of people with certain characteristics in a population (diagnosed with 

diabetes, unemployed, Spanish-speaking, under age 14, grade of school completed, etc.)

Data can also be collected in forms other than numbers, and turned into quantitative data for analysis. 
Researchers can count the number of times an event is documented in interviews or records, for instance, 
or assign numbers to the levels of intensity of an observed event or behavior. For instance, community 
initiatives often want to document the amount and intensity of environmental changes they bring about 
– the new programs and policies that result from their efforts. Whether or not this kind of translation is 
necessary or useful depends on the nature of what you’re observing and on the kinds of questions your 
evaluation is meant to answer.

Quantitative data is usually subjected to statistical procedures such as calculating the mean or av-
erage number of times an event or behavior occurs (per day, month, year). These operations, because 
numbers are “hard” data and not interpretation, can give definitive, or nearly definitive, answers to 
different questions. Various kinds of quantitative analysis can indicate changes in a dependent variable 
related to – frequency, duration, timing (when particular things happen), intensity, level, etc. They can 
allow you to compare those changes to one another, to changes in another variable, or to changes in 
another population. They might be able to tell you, at a particular degree of reliability, whether those 
changes are likely to have been caused by your intervention or program, or by another factor, known or 
unknown. And they can identify relationships among different variables, which may or may not mean 
that one causes another.
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Qualitative Data

Unlike numbers or “hard data,” qualitative information tends to be “soft,” meaning it can’t always be 
reduced to something definite. That is in some ways a weakness, but it’s also strength. A number may 
tell you how well a student did on a test; the look on her face after seeing her grade, however, may tell 
you even more about the effect of that result on her. That look can’t be translated to a number, nor can a 
teacher’s knowledge of that student’s history, progress, and experience, all of which go into the teacher’s 
interpretation of that look. And that interpretation may be far more valuable in helping that student suc-
ceed than knowing her grade or numerical score on the test.

Qualitative data can sometimes be changed into numbers, usually by counting the number of times 
specific things occur in the course of observations or interviews, or by assigning numbers or ratings to 
dimensions (e.g., importance, satisfaction, ease of use).

Qualitative data can sometimes tell you things that quantitative data can’t. It may reveal why certain 
methods are working or not working, whether part of what you’re doing conflicts with participants’ 
culture, what participants see as important, etc. It may also show you patterns – in behavior, physical or 
social environment, or other factors – that the numbers in your quantitative data don’t, and occasionally 
even identify variables that researchers weren’t aware of.

It is often helpful to collect both quantitative and qualitative information.
Quantitative analysis is considered to be objective – without any human bias attached to it – because 

it depends on the comparison of numbers according to mathematical computations. Analysis of quali-
tative data is generally accomplished by methods more subjective – dependent on people’s opinions, 
knowledge, assumptions, and inferences (and therefore biases) – than that of quantitative data. The 
identification of patterns, the interpretation of people’s statements or other communication, the spotting 
of trends – all of these can be influenced by the way the researcher sees the world. Be aware, however, 
that quantitative analysis is influenced by a number of subjective factors as well. What the researcher 
chooses to measure, the accuracy of the observations, and the way the research is structured to ask only 
particular questions can all influence the results, as can the researcher’s understanding and interpretation 
of the subsequent analyses.

Whether your evaluation includes formal or informal research procedures, you’ll still have to collect 
and analyze data, and there are some basic steps you can take to do so.

Data Obtained from Need-Finding Process

After performing the Need-Findings process, the comments of the survey participants and the notes, sum-
marizing the user perception of the interaction in MOOCs (feedback). This information helps to identify 
the interactive elements to consider in the interface and defining the type of interaction that promotes.

The results of the Need-Finding process should be organized as shown in Figure 1.

Design Guidelines

Once the data is organized as described, the design guidelines are elaborated using the three levels of 
classification shown in Figure 1:
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• The first level shows two classification, “participant to participant” and “MOOC to participant” 
that describe the types in which the MOOCs user can interact inside the course

• The second levels details how this interactions are given
 ◦ “Participant to participant” can be one on one (1:1) as an example, when the student gets in 

contact with the professor via e mail or private chat, and they exchange personalize messages 
from one to many (1:N), when users create groups to discuss, solve or ask questions.

 ◦ “MOOC to participant” can be content to participant, e.g. when the student uses content of 
the course like videos, lectures, quizzes, etcetera, and interface (UI) to participant, e.g. the 
weekly quizzes, notes, syllabus and others.

• To reach the last level of this classification, it was required to define each interactive element 
shown in Figure 1, based on the activities done, the characteristics and the particular objectives. 
Ones the elements are described, we proceed to identified and grouped the similar activities e.g. 
chat and email. We proceed to identified and group, each group was named making a clear refer-
ence of the interaction objectives of each of its elements. For example the chat and email, a name 
that fits properly is “instant messaging” this groups represent the design guidelines.

Figure 2 shows the design guidelines proposal.
The following tables represent examples of each level of the proposed design guidelines in Figure 2.

Figure 1. Classification of the proposed interactive elements and types of communication
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Figure 2. Design guideline proposal

Table 3. Instant Messaging guideline

Name: Instant messaging

Problem: MOOC participants need a tool through which to communicate with the staff or other members of the 
course privately to express their doubts, needs, concerns, among others.

Context: Students can exchange private messages in order to receive feedback, solve doubts, or to feel more 
confident and motivated within the MOOC.

Solution: A practical solution would be the use of email or private chats.

Example:
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Table 4. Collaborative work guideline

Name: Collaborative work

Problem: Student’s need a tool through which can create knowledge or reinforce it.

Context: Students can collaborate to create knowledge or different ways to solve a problem.

Solution: A practical solution would be the use of wikis.

Example:

Table 5. Face to Face interaction guideline

Name: Face to face interaction

Problem:
Sometimes it is difficult for students to express or understand some issues via text, or feel part of a 
community because they cannot talk in real time with another participant, which leads him to experience 
feelings of abandonment, isolation or frustration.

Context: Students can communicate in real time with other participants, which help them avoid feelings of frustration 
or abandoned, with a greater understanding or expression of certain aspects of the course.

Solution: A practical solution would be the use of video calls, virtual classrooms, or tools for meetups.

Example:
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CONCLUSION

Even whether MOOCs already have tools that promote the four types of basic interactive communica-
tion in distance education; however said alternatives are not integrated as basic elements for interactive 
communications through the user interface. This issue frequently derives in a weak user experience 
which could be reflected in the learning process.

Results from the Need-findings process allow us to create a solid context about the user experience 
directly from the actual experts, “The MOOCs’ Users”. This study revealed that independently of the 
kind of course (which would require specific/special interactive elements, e.g. simulators), a MOOC 
should offer a set of interactive elements addressed to achieve a fluent and effective communication 
among participants-staff-platform throughout the course.

Table 6. Creating communities guideline

Name: Creating communities

Problem: Students need an environment where they can connect with people interested in the same topic of study, exchange 
resources and tools including support and share their needs.

Context: MOOCs students may meet people who participate in the same course, and see their opinions, share resources, create 
links, among others.

Solution: A practical solution would be the use of social networks such as Facebook, Twitter, Google +, among others

Example:
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These findings was encapsulated in a first draft of design guidelines which suggests the basic in-
teractive elements to be integrated into the user interface design for every MOOC, in order to ensure 
effectiveness in promoting the four basic types for communication in distance education.

Obtained results are promising and suggest several improvements in user experience for MOOCs 
learners including reinforcements for user interfaces that could contribute in stretching the gap in pro-
viding good quality massive-communication and feedback from MOOCs.

Although good expectations from this research there are several venues to explore as future work, 
including the guidelines specification; the implementation of the guidelines in a prototype and its evalu-
ation in order to corroborate obtained preliminary findings.
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describe communications in which data can be transmitted intermittently rather than in a steady stream.
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Human Computer Interaction: It is the study of how people interact with computers and to what 
extent computers are or are not developed for successful interaction with human beings.

MOOC: A course of study made available over the internet without charge to a very large number 
of people.

Online Learning Environments: It is a set of teaching and learning tools designed to enhance a 
student’s learning experience by including computers and the Internet in the learning process.

Platforms: It is a raised stage, or a forum in which an idea can be shared, or a standard for computer 
hardware that determines what types of software it can run, or is a series of beliefs of a political group.

Social Interaction: It is the process by which we act and react to those around us. Let’s examine the 
different types of social interaction and test your knowledge with a quiz.

Synchronous Communication: It is the transmission of data, generally without the use of an external 
clock signal, where data can be transmitted intermittently rather than in a steady stream.



232

Copyright © 2018, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  9

DOI: 10.4018/978-1-5225-2616-2.ch009

ABSTRACT

Large format touch screens have become an important means of interaction for collaborative and shared 
environments. This type of display is particularly useful for public information display in museums and 
similar contexts. Similarly augmented reality displays have become popular in this context. Both systems 
have benefits and drawbacks. Personal Touch is an augmented-reality display system combining real 
objects with superimposed interactive graphics. With increasing display sizes and users moving in front 
of the display user tracking and viewing angle compensation for the interactive display become chal-
lenging. Personal Touch presents an approach combining IR optical tracking for gesture recognition 
and camera-based face recognition for the acquisition of viewing axis information. Combining both 
techniques we can create a reactive augmented-reality display establishing a personalized viewing and 
interaction context for users of different statue moving in front of a real object.

INTRODUCTION

The use of large format touch screens for public locations such as museums or libraries has become 
widely popular. A recent survey (Ardito, Buono, Costabile, & Desolda, 2015) indicates that the common 
usage of this type of display has transformed established concepts of human computer interaction and 
shaped the expectations about interactive possibilities in public and semi-public spaces. Research about 
museum visitors has shown that young visitors prefer museum collections to be displayed in innovative 
ways. Having grown up with interactive multi-touch technologies young visitors respond positively to 
interactive information displays presented on touch screens (Ting, Lim, & Sharji, 2013). While maybe 
particularly popular among younger users, touch screen interaction is now widespread and easy to use for 
a wide range of age groups (Montague, Hanson, & Cobley, 2012). Traditionally museum displays have 
been focusing on objects from their collection in combination with introductory texts and explanations. 
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Multi-Layer Touch Display
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But as textual and visual information going beyond the existing physical evidence in form of collection 
objects exists, for example various forms of information visualization, interactive screens have become 
more prevalent. (Hinrichs, Schmidt, & Carpendale, 2008) Those displays are often dynamic interactive 
presentations in addition and in support of collection objects. The hardware of choice to realize these 
presentations are large format touch screens. Since the mid 2000s large touch-screen use has been more 
frequent due to more powerful and more economic technology (Ardito et al., 2015).

For use in shared spaces large format touch-screens provide several benefits that make them spe-
cifically suitable for environments like museum or library displays. The most prominent among these 
are the visibility and attraction of large dynamic visualizations for museum visitors walking through 
the exhibition space. Compared to static printed text or small displays the ability to grab attention and 
direct the visitor’s gaze is significantly stronger. Outside of the museum, for example in a shared office, 
the salience of the display is often less important. Large interactive displays also promote activity and 
social awareness among its users. (2015) The conduciveness for communicative behavior and collabora-
tion is generally one of the core benefits of this type of display system. In particular in complex tasks 
the opportunity for co-located problem solving can be highly beneficial (Isenberg et al., 2012). Again 
the museum environment differs from other environments as it is less focused on collaborative solving 
of complex tasks rather than communication among visitors to foster learning and engagement. The 
increased screen size and the possibility to collaboratively interact in a shared environment have been 
shown to provide benefits for sense-making (Andrews, Endert, & North, 2010) and learning (Reski, 
Nordmark, & Milrad, 2014).

Another display technology that has become very popular in the museum environment is the aug-
mented reality (AR) display. In particular in science and natural history museums this form of display 
has gained such popularity that it is sometimes referred to as a hype (“British Museum - Augmented 
Reality: Beyond the Hype,” n.d.). The popularity stems from the fact that it can simulate prior states 
of a real physical collection object. A popular example is the dinosaur skeleton, which can be seen as 
a complete dinosaur through an augmented reality display (Augmented Reality Livens Up Museums 
| Innovation | Smithsonian n.d.). (Barry, Thomas, Debenham, & Trout, 2012) Augmented reality dis-
plays blend a representation of a real context, for example a museum object, with a computer generated 
information layer. Both layers are displayed such that they are correctly superimposed. The additional 
information can be of various kinds, such as the virtual models of dinosaurs or simply additional textual 
information pertaining to an object. We can distinguish applications using a camera generated video 
image to represent the real context and those that use optical see-through techniques to show the real 
object (Normand, Servières, & Moreau, 2012).

One of the important issues for both techniques, the touch-screen as well as the augmented reality 
system (of course the same applies to the traditional static text panel), is how the relationship between 
the additional information and the real object is established. The touch-screen is often used as a self-
contained unit placed in proximity to the objects it refers to. If close relationships are established it is 
mostly through the display of visual representations of the objects nearby that the information refers 
to. Screen and objects have very different viewing conditions and are rather in competition than in sup-
port of each other. Augmented reality systems deliver a much closer relationship between object and 
additional information. By superimposing both object and additional information users can see directly 
how they relate to each other. For this reason the alignment between the two is a distinguishing quality 
factor (Liestol & Morrison, 2013)./ The earliest way of establishing the connection between real and 
virtual was through markers, coded visual symbols such as QR-codes, that can be read by the AR-device 
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and interpreted such that the correct information overlap can be displayed. The display orientation is 
calculated according to the perspective on the marker (Liarokapis & White, 2005). The downside of 
those markers is that they have to be placed very close to the actual object in order to give a tight con-
nection, but the actual object cannot be used for augmentation. The markers add a visual element that is 
often difficult to integrate with the aesthetics of the presentation. Another downside is that users must 
carry a correctly equipped device that can be used to scan and resolve the codes. Later approaches do 
not have to rely on markers but rather use feature constellations of the object itself. They are suitable for 
a more seamless and more aesthetically pleasing integration between the real and virtual layers. In both 
cases the hardware platform to display the augmentation layer are smart phones or tablets. This reliance 
on AR-capable devices also introduces the problem that the screen that can be used for the additional 
information display is comparatively small (Nassar & Meawad, 2010).

An example for a custom solution to stimulate a more specific and precise relationship between the 
object and the augmentation layer is the use of a laser-pointer-like device (Takahashi, Takahashi, Ku-
sunoki, Terano, & Inagaki, 2013). Here users can point to specific parts of a real exhibit to trigger the 
information overlay. The laser works almost as an extension of the hand that ‘touches’ the exhibit, an 
action normally not permitted in a museum context. In this sense the AR solution allows a more direct 
engagement with the object with visible light than pointing the camera of a phone at an object. The 
possibility of pseudo-touching an object has the potential to make for a highly engaging experience in 
rather direct relationship to the real object.

Both display systems, large collaborative touch-screens as well as augmented reality systems, have 
their benefits and drawbacks. While the augmented reality systems has the opportunity to establish a 
much tighter connection between the real object and the augmentation layer than the touch screen, it 
does not offer the opportunity for collaborative exploration in a way the large touch-screen does. The 
use of handheld devices necessary to enable the personalized pointing and exploration of real exhibits 
forces the use of smalls screens, which are limited to one individual user. Handheld devices are made 
specifically to be used by only one person and the experience of standing next to someone engaged with 
a handheld device and being excluded from the experience is all too well known (Fredrickson 2013), 
(“Does Technology Cut Us Off From Other People?,” n.d.). Handheld devices and collaborative explo-
ration thus seem to be mutually exclusive. This dilemma has been addressed for example in combining 
several different interfaces for the same content so users can choose the preferred mode of access. A 
comparative study traces the benefits and drawbacks of both systems and investigates whether a combined 
approach is successful (Hornecker 2010).

For Personal Touch we are using a display set-up that combines the properties of large touch-screens 
and those of an augmented reality display not through combining two separate implementations but by 
integrating them into one. Our approach is to use a transparent touch screen placed in front of the real 
object to which the augmentation layer refers. This approach unites the collaborative aspect of a large 
format touch screen permitting several users to share the display and to collaboratively explore the ex-
hibit. At the same time, through the optical superimposition of the screen, it serves as an augmentation 
layer, and a close relationship is established between the additional information and the object. The 
touch-screen consists of a large glass panel, which is suspended in front of the object and it displays 
information being projected onto it. The users can see both the information on the screen as well as the 
object, looking through the glass panel. Not only combines this system some of the main benefits of AR 
and touch-screen systems, it also implements a way to reach out to the object and actually feel a physical 
resistance when touching the screen.
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CHALLENGES

The system we implemented for Personal Touch faces several challenges. Design problems existing in 
each individual display technology present themselves in a somewhat different light when combined. It is 
a challenge to design for a satisfactory multi-user experience in large format touch screens that allows for 
all members of the group interacting with the system to partake equally and also balances ease-of-use on 
the first approach and a meaningful deep scaffolding of a longer interaction. A study of these challenges 
is discussed in (Jacucci et al., 2010). For our purposes the problems of accommodating several users on 
front of one object is potentially compounded for reasons of limited interaction space. In particular small 
objects do not provide sufficient space to accommodate several users in front of them at the same time.

The other challenge for our approach is to align the augmented reality display with the real object 
behind it correctly. Again the problem is compounded in comparison to an individual user experience 
with a mobile device. Restricting the experience to one person makes things easier and the fact that the 
user can carry the mobile device along with any movement makes the alignment question a lot easier 
to address. In our attempt to accommodate multiple users with one shared display, the challenge is to 
render both information layers in correct alignment to all of them. An additional difficulty for alignment 
is that museum visitors tend to move around and walk from one exhibit to the next, this means that they 
might look at objects from various angles and these angles change during the phase of observation of 
the same object. The augmented reality touch screen thus has to provide an option to adjust the display 
for a certain range of varying viewing angles and correct for the parallax resulting from user position 
in respect to the object.

Viewing angle correction is not only of interest to users in motion but it also is a way of providing 
a comfortable interaction situation for users of different body heights. In the museum environment it is 
to be expected that the users of such a system range from children all the way to adults, thus what is a 
comfortable interaction situation for one maybe be inappropriate for another user. Our requirement to 
accommodate groups of users for collaborative interaction further compounds the problem of alignment 
because the viewing angle compensation has to take into account whether the object is looked at from 
several different angles at the same time. In an earlier study of this system without any viewing angle 
correction we found that users while benefiting from the optical superimposition and touch-screen func-
tions they struggled with the alignment of real and virtual display (Kratky, 2015). Based on body height 
these problems were more or less strong, in general indicating a linear correlation between proximity 
to the position of optimal alignment and ease-of-use. The challenges addressed in the Personal Touch 
project can be described as a triplet of issues surrounding viewer-dependent display adjustment:

1.  Viewing-angle-compensation for users of varying body height;
2.  Viewing-angle-compensation for users in motion;
3.  Viewing-angle-compensation for multiple users in varying group sizes and constellations.

RELATED WORK

Camera-based tracking of users in front of a large screen has been explored in order to track touch gestures 
and turn the screen into a large format touch screen (Morrison 2007). Given that large touch sensitive 
screens are becoming more available research has started to focus on the notion of body-centric design 
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to conceive of interaction models combining various forms of sensing users and different input devices. 
A solution implementing large format screen for full body interaction is described in (Shoemaker, 
Tsukitani, Kitamura, & Booth, 2010). It uses camera or magnetic tracking to determine the skeleton of 
the user and determines interaction gestures from the analysis of the skeleton. The same data also serve 
to render a virtual representation of the user(s) (Kim et al., 2013) on the screen for visual feedback to 
improve gesture performance. The display system does not implement augmented reality components. A 
similar system based on infra-red tracking that extends the interaction patterns to multiple surfaces using 
touch and mid-air gestures is described by Wagner et al. (Wagner, Nancel, Gustafson, Huot, & Mackay, 
2013). The approach focuses on developing a body-centric design language. The combination of touch 
interaction with mid-air gestures is also explored in Müller et al (Müller, Bailly, Bossuyt, & Hillgren, 
2014). The study looks at the role of different design affordances in communicating the interaction 
techniques available in installations in public space. A strong dependence is on environmental factors 
and the sequence of use of different affordances (touch versus gesture) was found. If gestural mid-air 
interaction was available, strong affordances for touch interaction had to be present to serve as a “call 
to action.” While most research focuses on screen-based interaction and the combination of touch and 
gesture, few works investigate the combination of touch and augmented reality displays. One example 
exploring augmented reality interaction and haptic interaction with real physical objects is described in 
(Kim et al., 2013). To ensure correct alignment of multiple interaction and display contexts, in particular 
pointing gestures in respect to large screens the mathematical modeling of the pointing gestures and their 
spatial properties are important. A model for the calculation of the gain of pointing gestures is discussed 
in Shoemaker et al. (Shoemaker, Tsukitani, Kitamura, & Booth, 2012).

Another important aspect for the implementation of a display system that dynamically adjusts to user 
action and the configuration of changing user constellations is the successful analysis of the actions and 
movements of the users. Dim and Kuflik (Dim & Kuflik, 2014) describe a series of simple behavioral 
patterns of visitor pairs and discuss a system that can automatically track these patterns and, in a second 
step, potentially offer customized services based on the analyzed pattern. In Ye, Stevenson and Dobson 
(Ye, Stevenson, & Dobson, 2014) an automated system for the mining of behavior patterns is discussed.

THE PERSONAL TOUCH SYSTEM

Design Considerations

The design goals we defined for Personal Touch are revolving around three main aspects. The first is 
the superimposition of information and a real object. For the first implementation we limited the set-
up to one single object in order to keep the components influencing the evaluation to a minimum. Our 
hypothesis is that depending on the number of objects, object size and relative screen-size the results in 
interaction patterns will be different. We are assuming that large touch-screen sizes will become more and 
more affordable so it is conceivable that an interaction screen can span several objects and thus several 
interaction contexts. For our study we also wanted to observe if the screen is small enough that it also 
allows viewers to easily get close to the objects viewers would also examine the object directly. We were 
curious what the sequence of observation was going to be, if viewers first examine the object and then 
access further information about it or vice versa, or if users either look at only the object or the screen.
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Our interest in superimposing information in an augmented reality style was to establish a very close 
and precise relationship between the object and the additional information and to foster the self-guided 
exploration of different information layers. The superimposed delivery of additional information caters 
to users who do not like to read long texts and get turned away when they see long explanations about 
an item as it is often the case with static printed text plates. Users also are often unwilling to refer back 
and forth between object and text information. Most users tend to read the text and then look at the ob-
ject. A minority of the viewers we observed in a traditional museum exhibit with static text plates looks 
at the object first, then read the text, and then look at the object again. The superimposed information 
caters to users who want to be able to determine how much information they need about a specific item. 
They may be fine with a superficial level of information simply identifying the object. In other cases 
they may want to have the opportunity to request more information. Our hypothesis is that the combined 
augmented reality touch display allows for a seamless scaffolding of further information pertaining to 
elements or areas of interest.

Even though in our first implementation we are limiting the display to one single object the system 
should be able to clearly distinguish the object to which the displayed information pertains in case sev-
eral objects are visible behind the screen. The second main design goal is thus the implementation of 
effective viewing axis compensation. The viewing-angle compensation should be able to establish for a 
given viewing axis which object and which part of the object the information belongs to. Based on data 
about the position of the viewer the information display should be adjusted for several aspects: It has to 
correct for changing positions of the users as they move through the exhibition and past the object with 
the augmented display; it also has to adjust for different body heights of the viewers. Our hypothesis is 
that an optical tracking of the viewers in front of the screen should be able to deliver the data necessary 
for an adjustment that can satisfy the formulated requirements.

The viewing axis compensation should also be able to deliver a certain degree of personalization 
and responsiveness to the viewers. We are aiming in this sense for an “adaptive interface” that can ad-
just for several individual factors of the viewers, similar to the concept discussed in (Montague et al., 
2012). Our hypothesis is that the dynamic adjustment can direct the viewer’s gaze towards the object 
of interest. As a viewer walks past an exhibit the position of the exhibit gets continuously adjusted such 
that it frames the object the information refers to. We assume that the viewer is less likely to walk past 
such a constantly updated display “circling” the object of interest, than she would with a static display.

The third main design goal is to accommodate and stimulate collaborative interaction between groups 
of viewers in front of the display. The display adjustment system therefore has to have a heuristic to 
determine how to adjust for the viewing axes of several users versus individual users. The touch-screen 
has to be multi-touch enabled, which is more or less the norm nowadays, in order to allow for several 
people to interact simultaneously.

Implementation

The Personal Touch system consists of glass panel suspended in front of a physical object. The panel is 
mounted on thin metal wires fixed tightly to the ceiling and the floor. The wires are tight such that the 
screen does not move when users interact with it. Our decision to use this kind of mount was to integrate 
the screen as seamless as possible into the space around the exhibit and avoid a noticeable frame mount 
around the screen. The aesthetic ideal for the mounting solution was to come close to a “free floating” 
text, inviting users to interact with the screen as well as to go past it and examine the object directly. 
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The screen is not supposed to be perceived as an obstacle blocking the view to the object, which was the 
sense we had with a more massive mounting frame. This design decision made it impossible for us to 
use an IR tracking frame with integrated IR lights and sensors. Our solution was thus a “Leap Motion” 
controller mounted on a bar beneath the screen that tracked the surface area of the glass panel allowing 
to determine touches on the screen surface as well as hover-states close to the surface of the panel. The 
distinction between hover-states and touch events is a benefit that other touch-screen solutions do not 
provide. In the current version of Personal Touch we are not using hover states, but we intend to do this 
in future iterations.

The glass panel has a “holoscreen”-film glued to the back, which is a plastic film with embedded 
micro-prisms that allows to project onto the screen in an angle of 45 degrees and produce a visible 
image on the transparent glass. The “holoscreen” is transparent (with a slight matte optic) and allows 
the viewer to look through the glass at the object behind it. In this way we are realizing a multi-layer 
augmented reality display. The projector for the display is mounted to the ceiling in a 45-degree angle 
projecting downwards to the viewer. Since the projector is reasonably steeply inclined the viewer does 
not get blinded by the projection beam.

Above the screen we mounted a small USB camera equipped with a wide-angle lens that tracks the 
area in front of the screen. We are assuming that users will always keep a minimum distance of ca. 50 
cm from the screen to be able to comfortably interact with it; in order to allow the camera to track the 
entire area in front of the screen we placed it above the screen and 20 cm behind the glass panel. The 
camera delivers a constant video feed to the controlling computer. The screen itself is placed 150 cm in 
front of the object. Around it is enough space for the viewers to approach the object and look at it directly.

We implemented three information layers of different depths. The first just shows a minimal record 
including the name, date and description of the object. This is the default state when no user is interacting 
or when users are approaching the screen without touching it. Upon touch the second level providing a 

Figure 1. Schematic of the system set-up of the Personal Touch installation
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general explanatory text about the background of the object is displayed. This information layer can be 
enhanced for example with maps or other illustrations. The third level has detail information on individual 
parts of the object, allowing viewers to explore for example the different elements of clothing of the 
object. The third level is invoked touching “hot spots” indicating further information. The “hot-spots” are 
visible in both the second and third levels of the display hierarchy. Viewers have full control over how 
far and how long they explore the provided information and which levels they access to which extent.

Heuristic for Viewing-Angle-Compensation

For the tracking of users in front of the screen we use the Open CV library to recognize and track faces. 
This means whenever a user is in front of the screen and looks at it we can recognize the face and de-
termine its position. With this information we can calculate the viewing axis to the object. In this first 
implementation phase we are using a normal camera delivering a flat matrix image. For the z-axis, i.e. 
the distance of the viewer from the screen we assume a comfortable touch interaction distance of 50 cm. 
Based on these data we can calculate an offset for the image projected on the screen to accommodate 
both horizontal viewing position differences due to varying positions of viewers in front of the screen, 
as well as vertical differences due to variance in body height. This offset is constantly calculated as long 
as a face is recognized and can thus be dynamically updated to compensate for changing positions of 
moving viewers. In default mode, i.e. when no face is detected the image is set to an average centered 
value. All adjustments are smoothly interpolated such that no sudden jumps of the image occur.

The main challenge is to formulate a heuristic that defines a viewing-angle-adjustment for col-
laborative interaction. When more than one user are working with the screen – what is the best way 
to accommodate their different viewing axes? Our heuristic is using an analysis of the constellation of 
viewers in front of the screen in order to determine how to adjust the display. The heuristic is based on 
the observations of Edward T. Hall (The Hidden Dimension 1990) and his formulation of the “proxemics 
distances.” Hall distinguishes four different social distances in humans, the closest being the intimate 
distance, extremely close proximity between two people who almost touch each other. This distance 
would only occur between people who are very familiar and close with each other, e.g. a couple looking 

Figure 2. Two of the three layers of information: General background information (left), and information 
on specific details of the object (right)
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together at something very closely. The personal distance ranges from 50 cm in its close phase to 120 cm 
in its distant phase. The personal distance is the normal distance between people who know each other 
and are comfortable together, this might also be the distance a couple keeps in a public space such as a 
museum. The social distance is the distance people who do not know each other normally keep to each 
other. It ranges from 120 cm in the close phase to 350 cm in the distant phase. Finally the public distance 
ranges from 350 cm to 600 cm and more. These distances may vary, and they are culturally specific, but 
they give a good orientation as to what scenarios we should be differentiating. The different proximities 
correspond to perspective shifts and thus require different display adjustments. The public distance is 
irrelevant for our set-up as the screen is not big enough to accommodate people who keep this distance 
between each other; if people are unfamiliar to this degree with each other they would tend to wait until 
one person is done with her interaction before they take over the space in front of the screen. If somebody 
happens to look at the screen from this distance they would not expect to see correct alignment between 
real object and information overlay for their viewing position. We decided to take the social distance 
and smaller into account and devise correction scenarios for them. Museum visitors in a group, like 
colleagues or members of a travel group, would keep the social distance. They should be able to interact 
and share the screen with each other. We assume, though, that they would not be so intimate that they 
would share the same interaction context. Sharing the same interaction context would potentially bring 
people closer together than they might feel comfortable with and create the opportunity to touch each 
other while interacting with the touch-screen. According to Hall in the social distance contact between 
people would not occur. Therefore when faces are tracked with a distance in the range of the social dis-
tance, the interaction context is duplicated and projected such that it suits the viewing axes of both (or 
potentially more in case of a sufficiently large screen) people. The viewers can interact in parallel and 
share what they see verbally. Users who are more intimate with each other and keep a distance that is 
in the range of the close phase of the personal distance are considered to be familiar enough that they 
can share the same interaction context. The placement of the context is averaged between their viewing 
axes and scaled such that it can better accommodate both (maximum three people). For both viewers 
the alignment is slightly less precise but there is the opportunity to look closely and invite the other “to 
share the individual’s perspective.” Finally for the intimate distance a scaling of the overlay image does 

Figure 3. Viewing-axis-adjustment for individual viewer: vertical adjustment for body height (left), and 
horizontal adjustment for changing viewer positions (right)
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not seem to be necessary and we only make a slight adjustment to average the position between the two 
viewers. In this scenario only two people can have the appropriate closeness, otherwise the adjustment 
goes back to the settings for the personal distance.

CONCLUSION

We have tested the first implementation of Personal Touch in a lab situation with a stand-in object. 
Taking into account that user behaviors will be somewhat different in a real museum environment with 
more objects surrounding the exhibit, this first test gives some notion of the performance of the system. 
We observed ten people, a mixed group of undergraduate and graduate students of mixed gender (age 
range from 20 to 29 years, 4 female, six male). We tested in particular for display alignment perception, 
general interaction comfort, and multi-user collaboration.

In a comparative observation with exit interview of individual users of an earlier version of the system 
without viewing-angle-compensation 50% of the users found that the alignment was significantly off, 30% 
found it slightly off, and 20% found that the registration was good. With viewing-angle-compensation for 
individual users 60% found that the registration was good, 40% found it slightly off and no user found 
the registration to be significantly off.

The results are different for multiple users in a collaborative interaction. Observing groups of two 
users interacting at intimate distance 100% found the alignment slightly off but workable. In groups of 
two users interacting at personal distance 60% of the groups found the registration to be slightly off but 
workable, 20% slightly off and difficult to navigate and 20% significantly off. Observing groups of three 
users (three groups with each 3 members observed) interacting at personal distance 33% of the groups 
found the registration to be slightly off but workable and 66% slightly off and difficult to navigate. In 
the constellations interacting at personal distance we observed that the users moved closer together to 
improve the shared alignment. At social distance we only observed groups of two users because larger 
groups could not be accommodated by the size of our screen. In this scenario 20% of the users found 

Figure 4. Viewing-axis-adjustment for groups of viewers at different proxemics distances: intimate dis-
tance (left), personal distance (middle), and social distance (right)
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that the registration was good, 60% found it slightly off but workable and 20% found the registration 
to be slightly off and difficult to navigate. We observed that users adjusted their positions to accom-
modate each other, i.e. they moved such that they had similar amounts of screen space. All users found 
the interaction comfort good and appreciated the form of presentation.

For future iterations of Personal Touch we are planning to test for the relationship between the 
explorations of objects through the AR-screen versus direct object exploration. We are further aiming 
to implement a possibility to measure the distance between users and the screen. Another avenue of 
exploration will be to employ different screen sizes, which we expect will have an effect on the collabora-
tion patterns between users. We will test the system with several objects aiming to find out whether the 
presence of other objects influences the behavior of the viewers. Are they less likely to examine objects 
more closely by approaching them?

Another aspect of investigation is the value of the ‘touch feeling’ in a see-through display – does it 
provide more connection to the real object even though it is just the screen (with image matching) than 
just pointing as mid-air gesture? Does this haptic component provide anything beyond just a display?

As a long term goal we will examine if we can extend the user tracking across several exhibits and 
in this way deliver a more personalized experience for the museum visit. For this iteration the tracking 
approach has to be modified such that individual users are either recognized or continuously tracked.
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Multimodal Interaction: It is the interaction between human and computer involving more than one 
sensory modality to support cognitive processing of the information exchange on multiple levels. Mul-
timodal interaction can for example involve the visual sense, the haptic sense and the aural sense. Other 
modalities such as smell and taste are less common to be used in the field of human computer interaction.

Proxemics Interaction: Interactions involving several collocated human users that takes the spatial 
requirements and social relationships between the users as expressed in the distance between them into 
account.

Tangible-Unser Interface: It is the interaction between human and computer by means of a physical 
object such as a touch screen or other physical devices that are made sensitive to physical manipulation. 
Tangible interfaces are primarily focused on the haptic sensory modality.
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ABSTRACT

Current and future animations seek for more human-like motions to create believable animations for 
computer games, animated movies and commercial spots. A technology widely used technology is motion 
capture to capture actors’ movements which enrich digital avatars motions and emotions. However, a 
motion capture environment poses challenges to actors such as short preparation times and the need to 
highly rely on their acting and imagination skills. To support these actors, we developed a mixed reality 
application that allows showing digital environments while performing and being able to see the real 
and virtual world. We tested our prototype with 6 traditionally trained theatre and TV actors. As a result, 
the actors indicated that our application supported them getting into the demanded acting moods with 
less unrequired emotions. The acting scenario was also better understood with less need of explanation 
than when just discussing the scenario, as commonly done in theatre acting.

INTRODUCTION

Acting for motion capture, as it is performed today, is a challenging work environment for actors and 
directors. Short preparation times, minimalistic scenery, limited information about characters and the 
performance as well as memorizing movements and spatial positions requires actors who are trained 
and able to highly rely on their acting and imagination skills. In many cases these circumstances can 
lead to performances with unnatural motions such as stiff looking and emotionless movements, as well 
as less believable characters.
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Moreover, acting is an art that requires training, education and preparation to reach perfection. In 
todays acting for media, computer games and digital environments, these values become a factor of time 
and money constraints (Kade et al., 2013a). Time and budget for a production determine the choice of 
actors and recording schedules. This also limits the preparation time and increases the demands on actors 
such as being able to create a character on the spot, using improvisational acting and having good imagi-
nation skills. In our previous research, we have shown that motion capture actors face these challenges 
and need to be supported when good acting with short preparation times is required (Kade et al., 2013a).

As a performance and the character is often shaped during a motion capture shoot, repetitions and 
longer recording times can be a result when actors with less experience or acting education are used. 
Repetitions of scenes, explanations of scenarios and scenes result in time overhead, which takes away 
valuable recording time or increase the costs of a motion capture shoot.

One solution, as explained in our previous research, is to use trained actors and give them time to 
prepare, to create a character and to rehearse scenes in advance; as it is done in other acting areas (Kade 
et al., 2013a). This can be certainly considered for motion capture shoots for movies and high budget 
productions. However, in motion capture for computer games, commercial spots or smaller productions 
and animations this is commonly not a solution. This is mainly because long production times and hiring 
experienced and trained actors is usually not affordable for small-budget productions.

To explore the possibilities on how to support actors within a motion capture environment, we developed 
a head-mounted projection display in our earlier research (Kaan et al., 2014). We extended the research 
by setting the focus in this article to test the impact of virtual environments as acting support with six 
professional theatre and TV actors. Our prototype creates a virtual acting scene around the actors and 
provides audiovisual elements to trigger emotions and to support the actors’ performances while acting 
for motion capture. The head-mounted projection display (HMPD), which actors are wearing, uses a 
laser projector in combination with a retro-reflective material as a screen to display the digital imagery. 
A smartphone is used as an image-processing unit and as a sensor platform, detecting head movements. 
A depiction of this setup can be seen in Figure 1.

The aim of our study is to suggest and validate a proof-of-concept, testing if acting with our pro-
totype allows actors to understand the acting scene, the demands on the character and the demands on 
the expected performance better than without using our acting support application. We hypothesize that 
triggering emotions like being frightened, or similar, can be triggered through visual and audible effects 
and could lead to more natural and believable reactions in the actors’ performances. The overall goal 
of our research is to provide an acting support application that can be used during acting on a motion 
capture shoot floor and by motion capture performers with different levels of acting training.

To prove our concept and hypothesis, we evaluated our device with six traditionally trained theatre and 
TV actors and compared their performances when using our prototype to the performances without any 
acting support. All actors performed 3 short acting scenes once with our device and once again without it.

In order to evaluate the actors’ feedback and performances, we saw the importance to not only rely 
on one source of evaluation to get a more profound view on the results. Therefore, we chose several 
accepted methods in interaction design, namely card sorting (Benedek & Miner, 2002), (Travis, 2008) 
and interviews as means of evaluation.

The actors’ feedback and our evaluations show a tendency that the time to get into the right acting 
moods, to understand the acting scenario and to deliver what the scene description demanded seems to 
be shorter when using digital acting support in comparison to discussing the scene and emotions to be 
played, as commonly done in theatre or motion capture acting.
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The contribution of this research lies in the conducted user tests to evaluate if virtual environments 
generated by a mixed reality application are useful as acting support in motion capture. We also investi-
gate what kind of digital scenery and animations the actors consider as beneficial. Moreover, we make 
an effort to explore how our mixed reality application can be used in a specific and commercially used 
motion capture environment.

RESEARCH MOTIVATION

The industrial motivation to perform this research was to improve motion capture acting enabling actors 
to perform more efficiently and to improve the quality of acting results.

The academic motivations for our research are in the areas of interaction design and ubiquitous com-
putation. Here, the interests lay in understanding the modalities of interaction between the actors and 
our mixed reality prototype, designed for a motion capture environment. Moreoever, having a guideline 
on how this interactive system can be improved, as well as identifying the user experiences of motion 
capture actors were of interest.

Challenges in Motion Capture Acting

Before going deeper into discussions on how we approached the task of supporting motion capture 
actors during their performance, it is important to understand the nature of a motion capture actor and 
to discuss what is different for an actor in motion capture in comparison to other acting environments.

Figure 1. Visualization of a user wearing our HMPD, projecting digital scenery onto a retro-reflective 
screen that is covering the walls around the user
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As briefly mentioned earlier, motion capture actors face some challenges while acting for motion 
capture shoots. This is to some extent related to the specific acting conditions and requirements on actors. 
A key difference is that actors usually do not have much scenery to use for their acting or time to prepare 
the act. It has shown that the performances of motion capture actors are very dependent on their capability 
to imagine the scenery in which they are acting in and the ability to put themself into demanded roles 
and moods. The fact that no or only limited scenery is available for motion capture shoots is certainly 
not a problematic issue to overcome for experienced actors, as in many acting styles such as Mime or 
Blackbox acting this is a common practice. Nonetheless it becomes challenging if positions need to be 
remembered that should not be crossed, preparation times are not days but minutes and when characters 
and scenes need to be adjusted or even created on the shoot floor.

Especially, inexperienced motion capture actors are facing the issue of adapting to a motion capture 
environment quickly. Imagining and remembering virtual content and their positions, which were needed 
to perform accurate motions, posed problems to some motion capture actors, as has been discussed in 
previous research (Kade et al., 2013a).

Another challenge that motion capture actors are facing is when scenes are changing quickly. It is 
common for motion capture shoots for computer games that scenes are short in the range of seconds to 
a few minutes and these might change in place, character and emotions to be played. It can be the case 
that an actor needs to play a soldier engaging in a combat zone in one scene and a caring friend in a nice 
home environment in another scene. Portaying suitable motions and emotions that fit the character, and 
again, with very short preparation times poses a challenge to actors in a motion capture environment.

Another point that differentiates motion capture acting from other acting environments is that there 
is no audience or main camera to act towards. Cameras record an actor from every angle capturing ev-
ery movement. This also leads to another challenge as every movement or bodily performed emotion is 
important and needs to fit to the character as well as look good in the game. Movements that do not fit 
or look good on an avatar in the game need to be repeated and sometimes be played exaggerated.

Furthermore, it needs to be meantioned that motion capture acting needs to deal with a large variety 
of differently trained performers with varying acting skills. For some motion capture shoots there are 
only recordings of locomotion needed. Movements of athletes or other professionals that know how to 
operate certain devices or machines like for example soldiers might require accurate locomotion but no 
acting in its commonly perceived meaning. In such cases, acting skills are obviously less important as 
the professional acts himself and performs motions and actions that he or she is used to do. On the other 
hand, it becomes even more interesting when professional locomotion and acting skills are needed at 
the same time.

Sometimes it might also be the case that the accuracy of motion is vitally important, as it would be 
when e.g. mimicking military motions is demanded. Then not only emotion is needed, but also correct 
military motions, the way a weapon is held or the way the soldier walks is vital.

Moreover, a difference to traditional acting and motion capture acting is the costume or make-up, 
as this does not exist in motion capture acting. Motion capture used for cinematics and games it is very 
common to use optical markers that are usually mounted on a tight fitting suit and even for motion cap-
ture performances helmets, caps or other technical equipment like belts for sound recordings need to be 
worn. It might be a bit more demanding to imagine that your fellow actor in front of you is supposed to 
be a ‘zombie’ when he is not dressed like one. Nonetheless, this might be different from actor to actor 
and their training.
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In short, motion capture ‘actors’ are facing different challenges which can, depending on the act to 
perform or the actor´s prior skills and experiences, be quite demanding. Finding a solution to support 
actors of all skill levels within motion capture was therefore of importance for our research.

The Ideal Motion Capture Actor

As we have described in the section before, motion capture acting can be challenging. Therefore, we 
wanted to know what is required from an actor to bring the right skillset to a motion capture shoot. That 
is why we performed an investigation into this question in a previous study (Kade et al., 2013b). There, 
we asked 18 motion capture actors and 10 directors working in motion capture what skills are needed 
for a good motion capture performer and what this performer would need.

When asking the actors about what they need to act, some common answers were mentioned. Many 
actors mentioned the use of visual references, props, costumes and the demand of being provided with 
as much information as possible about the character, the environment and the conditions in time (Kade 
et al., 2013b). Most interestingly all these points mentioned can vary a lot in motion capture, as men-
tioned before. Commonly, motion capture shoots and scenes are very dynamic and extensive scenery 
or props are not provided to an actor. Even detailed information about the shoot might be handed out to 
the actors only a few days in advance.

Actors were also asked about their acting styles in which they are trained and are using while acting 
for motion capture. The answers here have shown that there is a large variety of acting styles, different 
professional backgrounds and trainings (Kade et al., 2013b). The actors that have done some form of act-
ing training described their acting styles as Stanislavski-based, as an imagination-based technique from 
Meisner (‘behaving truthfully under imaginary circumstances’) or other styles and techniques from Uta 
Hagen, Improv acting, physical acting and personal styles that actors mentioned would work for them.

When asking which attributes a good motion capture actor needs, actors and directors seemed to 
point out 4 attributes in general.

First, good acting skills were mentioned to be essential to show emotions physically through the 
actor´s body language. Second, the actor should be physically fit. Being an athlete, stunt performer, 
dancer or similar might help in many cases. Third, being creative and having a good imagination was 
of importance. This includes knowing the subject area of the shoot and suggesting other moves as well 
as being able to imagine the scene. As a forth attribute it was pointed out that it would be helpful as a 
motion capture actor to have a certain know-how about the language and procedures as well as techni-
calities of motion capture shoots.

All in all, the ideal motion capture actor needs to provide a skillset that includes physical fitness, pref-
erably the knowledge about martial arts and stunts, a profound acting education, some basic knowledge 
about motion capture shoot procedures and the most importantly goog imagination and Improv skills.

The Motion Capture Environment

Most professional motion capture studios, are in a way set up in a similar way. Some have a smaller acting 
space; others provide a large shoot floor. The camera setup as well as hardware and software vendors 
might differ but the general elements are roughly the same. There is a capture area in our example, seen 
in in Figure 2 it is a larger space. This area can be covered with lines or markers for important posi-
tions to act or to know the capture area of the cameras. Depending on the shoot, some sort of simplistic 
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scenery can be placed on the shoot floor. These props are a way to guide the actors, to create a spatial 
understanding and might be used to climb or move onto or over them.

Moreover, there are cameras, most likely optical cameras, placed around the shoot floor in a setup to 
cover as many angles and covering as much of the shoot floor as possible. The more cameras are used, 
the more coverage might be achieved. The cameras are connected to computers running the motion 
capture software to track markers worn on an actor. The setup for this might be placed in an extra room 
or even right next to the shoot area.

In some motion capture studios, there might be projectors or screens that show the results of the 
performance in real-time, sometimes even visible to the actors, as we see in Figure 2 in the center, right 
position of the image. Unfortunately, actors can only use this screen while acting when it perfectly suits 
the situation. Otherwise, every attempt to look at the screen results in unwanted and unnatural movements.

Last but not least there will be motion directors, clients, other actors and capture staff moving on or 
next to the shoot floor. Directors make sure the scenes get performed as demanded, clients might just 
observe or even influence which shoots get taken and what might need to be changed. This is especially 
the case for computer games production or commercial spots. Motion capture staff will make sure that the 
system is running correctly and markers are in the right place. Depending on the shoots to be performed, 
there might be even stunt coordinators, military advisors or other specialists present.

To look into how we can actually help the stakeholders, but especially the actors, in a motion capture 
environment, we looked at ways of providing support that suits this specific environment and does not 
interfere with existing procedures, the actors’ freedom of movement or more importantly the capture of 
the movements. Nonetheless, we wanted to create an immersive environment allowing to support move-
ments and emotions naturally. We realised that a vast amount of technologies and research could be of 
thought to create immersive virtual environments. Initial ideas went from VR, AR, mixed reality, 3D 
sound, smell, ambient lighting, wind, temperature, haptic feedback to projected environments. Nonethe-
less, these technologies had to be applied to the procedures and the environment in motion capture. We 

Figure 2. Professional motion capture studio in Uppsala, Sweden
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decided to investigate on technologies allowing providing audiovisual content to actors while performing 
in a motion capture environment. Research and technologies that we see of importance are mentioned 
in the following section.

RELATED WORK

Technology that we are using to support actors has in different ways already been used or mentioned in 
research before (Harrison et al., 2011), (Kaan et al., 2014). Nonetheless, designing and implementing 
an immersive motion capture environment implies different research areas that need to be mentioned to 
understand previous and ongoing related work in areas such as: motion capture acquisition, tracking and 
research considering the visualization of virtual content as well as creating immersive experiences. In 
literature there are technologies and solutions that can be of use to work towards the goal of creating a 
supportive and immersive acting environment (USC, 2007), (Ürey et al., 2011), (Tauscher et al., 2010), 
(Andreadis et al., 2010). Research in related areas or those that we see as potentially useful are listed below.

Acting in a Virtual Environment

There have been research projects exploring the use of virtual reality to support actors with their work. 
In one research project, acting training and increasing the final performance was approached through 
sensory-motor rhythm neuro-feedback training. Actors have been exposed and trained to different lighting 
conditions, reactions of the audience, and the look of the theatre from the stage (Gruzelier et al., 2010).

Moreover, acting support through a virtual environment was researched as a distance rehearsal sys-
tem. This system was used to study to which extent virtual reality can be used by actors and a director 
to rehearse their performances without being physically present (Slater et al., 2000).

Furthermore, research and explorations within the area of ‘cyberdrama’ (Davis, 2009), ‘digital the-
atre’ (Wotzko & Carroll, 2009) and ‘narrative in cyberspace’ (Murray, 19997) has been conducted. In 
these forms of acting, participants create the story through active engagement and interactions between 
technology and participants. According to other research this interactivity can be grouped into ‘Naviga-
tion’, ‘Participation’, ‘Conversation’ and ‘Collaboration’ which allows participants to steer the play and 
get involved before the final performance (Dixon, 2007).

Another research explained the setup of a completely virtual theatre where actors steer a virtual 
character in real-time from their computers with data gloves and keyboard inputs and the audience can 
listen to and interact with the performance and the theatre by choosing a seat in the theatre and by ap-
plauding and booing (Geigel & Schweppe, 2004).

In other research, even the use of motion capture techniques during a live theatrical performance 
have been used (Andreadis et al., 2010). On-stage, actors were interacting with digital avatars that were 
controlled by actors wearing a motion capture suit throughout the theatrical act. A screen, which was 
installed in front of the on-stage actors, displayed the avatars controlled by motion capture actors who 
performed their acting in real-time on a close-by motion capture area. Virtual scenery was displayed on 
a background screen, visible to the audience. In the mentioned research, the displayed scenery and avatar 
content around the on-stage actors was used to interact with during their performance.

Acting plays an important role in this article. The basic principles of acting on which we base our 
work are Stanislavski’s acting principles (Stanislavski, 2013), (Sawoski, 2010). These principles were 
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used and compared in previous work to see how they could be practically used in motion capture act-
ing (Kade et al., 2013a). A different type of acting support, which was explored by multiple research 
projects, is to use virtual environments for acting rehearsals (Slater et al., 2000), (Normand et al., 2012), 
(Steptoe et al., 2012).

One of these research projects used six professional actors and one director who met in a shared non-
immersive virtual environment to rehearse a short play (Slater et al., 2000). There, it was stated that the 
system was seen as supportive and allowed to create a basis for the live performance, without the actors 
having to meet in person. Their setup allowed achieving a better result than by only learning the script 
or using videoconferences. Nonetheless, these systems support the actors by using a virtual environment 
but do not support the actors during the performance, as it is our goal for motion capture acting.

Additionally, another research project found out that rehearsing acting performances in an immersive 
virtual reality environment was more successful compared to using a 2D computer screen (Gruzelier et 
al., 2010). This also encouraged us to test our application during a performance compared to not using 
any support.

The above-mentioned research projects show that theatre and acting adapts to the digital age and 
integrates not only technology but also audience and other participants during the play, preparations 
and rehearsals. Nonetheless, less research focuses on acting for motion capture or acting within a virtual 
environment in the sense of physically being in the virtual environment, where the environment is seen 
as digital acting support while acting.

Designing Immersive Environments

Designing an immersive environment includes two basic concepts, ‘Immersion’ and ‘Presence’ which 
have been explored and defined already (Cakmakci et al. 2004). ‘Immersion’ provides the functionality 
and usability of an immersive environment and provides the opportunities to be immersed into the virtual 
environment. ‘Presence’ creates the perception of being in the virtual environment, where ‘Presence’ 
can be seen as an “increasing function of immersion” (Slater & Wilbur, 1997).

Through the perception of ‘Presence’ it is discussed that behaviours in the virtual world are con-
sistent with behaviours in the real world under similar circumstances (Slater & Wilbur, 1997). It was 
furthermore mentioned that ‘Presence’ could influence the performance of a person using a virtual 
environment. This statement was to mention that a well designed interface and hardware can increase 
‘Presence’ and a “greater vividness in terms of richness of the portrayed environment” which improves 
task performance (Slater & Wilbur, 1997). Moreover, it is mentioned that ‘Presence’ is of importance 
to train for instance fire-fighters or surgeons within a virtual environment corresponding to behaviours 
in the real world. Therefore, a virtual environment must be well designed and allow for immersion and 
the feeling of being in the environment.

Another interesting statement is that the impact of the feeling of immersion is depended on “the 
application or task context and the perceptual requirements of the individual” (Slater & Wilbur, 1997). 
Basically this means that different aspects need to be considered when creating an immersive environ-
ment. First, it is important to create the application according to the task to be performed. So the virtual 
environment should focus on the most important aspects that the real world in a similar situation would 
resemble. When a motion capture actor is supposed to act as a musician, an aural feedback might be more 
important to create an immersive feeling. This might differ when visual aspects are more of importance, 
for example when acting on a futuristic space ship using futuristic technologies, as we assume. In other 
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occasions a mixture of a visual and aural environment might allow to increase immersion. We could 
think of acting for a war zone where audiovisual scenery and effects could provide the feeling of pres-
ence. Secondly, one needs to consider that individuals are different and react to audiovisual stimulation 
differently. Therefore, we need to design a virtual environment allowing to create different audiovisual 
scenarios and conduct research to find out which virtual environments we can build that allow to sup-
port motion capture actors.

Another research in the area of presence in virtual environments states that presence can only be 
supported when the technologies or devices used to create the virtual environment feel non-existent to 
the users (Held & Durlach, 1992). This means that when creating an immersive virtual environment for 
motion capture acting, one needs to consider designing solutions that do not limit the actors’ freedom 
of movement or might be uncomfortable to wear.

Considering the elements of immersion and presence in the designs for our immersive environments 
and to test and evaluate them must be of importance. It needs to be researched how this can be applied 
and created for immersive environments as acting support in motion capture.

Developing a Virtual Environment

At this point, we assume that by making virtual content visible yields a positive result in helping an ac-
tor perform. This is why we focus on exploring ways to provide the sense of vision first, before tackling 
other senses. Several applications that offer such an ability are already available:

A mixed reality environment, which could possibly be used in a motion capture application, is 
used for many industries such as military-based training environments. In this respect, some research 
projects are capable of providing an immersive environment without using virtual or augmented real-
ity (VR /AR) glasses (USC, 2007). To achieve this aim, an immersive environment is created by using 
a mixture of real and projected objects, transparent digital flat screens and the capability to add smell 
and temperature changes to the environment. There is also a wide-area mixed reality application, which 
was realized to create an immersive virtual reality environment in which users can walk and run freely 
among simulated rooms, buildings and streets. In such applications, large rear-projection screens that 
employ digital graphics are used to depict a room‘s interior, a view to an outside world or a building’s 
exterior. The applications also provide life-size projection displays with physical props and real-time 
3D graphics (USC, 2007). A scenario like the one mentioned above has its limits when considering it 
for a motion capture shoot. Large projection walls or other props cannot be placed in front of the optical 
motion capture cameras because the recordings would be blocked and occlusions would occur. Setting 
up such a training environment requires time and planning which is not economical in a motion capture 
because the scenery for a motion capture shoot changes often, sometimes multiple times during a shoot 
day, and needs to be dynamic. Therefore, this solution cannot be used, as is, to create an immersive 
environment for motion capture actors with the goal to support and allow more natural acting.

A novel optical see-through head-worn display that is capable of mutual occlusions could also be 
considered for motion capture shoots. Here, mutual occlusion is an attribute of an augmented reality 
display where real objects can occlude virtual objects and virtual objects can occlude real objects (Cak-
makci et al., 2004). Mutual occlusions are one of the problems in visualizing 3D content in a real world 
environment. Research is also conducted to test the perception of image motion during head movement 
(Li et al., 2009).
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To make virtual environments visually immersive, another solution has been widely researched by 
using flat panel 3D displays (Ürey et al, 2011). Equipping an entire motion capture room with these 3D 
displays, or even by just using a single flat screen needs to be investigated if this might be a solution 
that could create an immersive acting environment and still is economic and usable in daily motion 
capture business.

Another method which could be of possible use to display virtual content to an actor, while acting, 
is by using the emerging laser based pico projector technology (Tauscher et al., 2010). These projectors 
are of small size (Yalcinkaya et al., 2006), (Ürey et al, 2011) and come in different technologies based 
on micro-LCDs, the Texas Instruments’s DLP technology that uses an array of micro-electromechanical 
systems (MEMS), micro-mirrors and LEDs, or projectors based on laser scanning (Chellappan et al., 
2010). The projected data can be shown on small screens or can be reflected to polarized video contact 
lenses which a user is wearing (Ürey et al, 2011). A screen, which is placed right in front of an actor 
might limit the actor’s movement capabilities but might be applicable in some cases for motion capture 
shoots. Nevertheless, it would be good to answer the question on how virtual content can be shown to 
motion capture actors and it needs to be researched how new technologies can be applied to a motion 
capture scenario.

For our prototype, we use a head-mounted projection display (HMPD). Their image qualities as well 
as the use and evaluation of reflective materials, used as screens, have already been discussed and intro-
duced (Ha et al., 2002). Laser projectors, as we use in our research have also been used in other research 
projects before (Harrison et al., 2011). We customized off-the-self products like the laser projector and 
stripped their hardware to make it suitable to use for a HMPD device.

Even other systems, such as CastAR (TI, 2015), could be called a similar technology and possibly 
used to show virtual environments to actors. Nonetheless, there were some important differences that 
did not suit the requirements of motion capture acting, as stated in (Kaan et al., 2014). For example, the 
system needs to record head movements, allow for facial motion capture and should not limit the actors 
in their movement capabilities or block the actors’ vision. Furthermore, a system used in motion capture 
needs to have a solid setup that sits firm on the head of an actor, especially when stunts and athletic 
movements need to be performed.

The above mentioned research projects showed us the potential to support actors through virtual 
environments and gave us an inspiration on how to perform the user tests in terms of setup and number 
of participants. Nonetheless, our work differs in the point that we test the usefulness of a mixed-reality 
application for on-stage motion capture acting support and guidance. Therefore, we needed to research 
which solutions can be applied in motion capture and in which way.

OUR APPROACH TO SUPPORT MOTION CAPTURE ACTING

Our approach to support motion capture actors with their work in a virtual environment is that we show 
the digital environment to the actors in real-time while acting. In other words, we show the scenery to the 
actors and allow them to get an understanding of the environment. This also allows to use correct dimen-
sions of the scene and to steer the actors’ performance towards correct locations in a virtual scenery. We 
added animations and sound to the scene allowing for a better understanding of moods and emotion to 
be played, as well as to provide triggers that actors can use for their performances. Our application also 
provides a way of discussing the scene to make it easier to understand the demands of a performance.
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Discussing the limitations of the acting area, the feel of the environment and locations of actions and 
events do not need to be imagined, when using our device. Therefore, we believe that the discussions 
between actors and director will be easier as both can see the scenery and the layout of the scene. The 
virtual environment that we built is also meant to trigger the actors’ emotions and moods through sounds, 
animations and the provided atmosphere.

Why Not Current Solutions Such as AR or VR?

Intuitively, state-of-the-art virtual reality (VR) glasses such as the Oculus Rift (OculusVR, 2014), CastAR 
(TI, 2014) or from developers such as Vuzix (Vuzix, 2014) and others, seem usable to create a visually 
perceivable virtual reality for motion capture. For some motion capture shoots such technology might 
even be usable. However, for most motion capture shoots, one would rather avoid the use of such devices. 
This is because of three main reasons. One, current VR glasses block important parts of the face such as 
eyebrows, eyelids and forehead and are therefore not usable for facial motion capture shoots. Two, the 
majority of motion capture shoots imply to perform bodily demanding movements or interactions with 
real objects or persons. VR glasses limit the actors in these shoots in terms of movement and vision of 
real persons and objects. Three, VR glasses impede interactions with real objects and persons. Interact-
ing with real world objects requires very precise movements and hand-eye coordination. Current VR 
cannot yet provide this in a sufficient enough manner.

Furthermore, it needs to be made clear that most off-the-shelf VR systems are still powered and 
driven via cable connection. This further limits the usability of current VR systems for the creation of 
supportive and immersive motion capture environments.

A last point to consider when thinking about using VR for motion capture is that a normal motion 
capture shoot day could last between ca. 4-8 hours. Using a VR system for a long time, especially when 
performing fast movements or showing fast animations can create side effects such as motion sickness. It 
has been discussed in different contexts and evaluations that using VR systems can have side effects for 
the users (Regan & Price, 1994), (Bruck & Watters, 2009), (Cobb et al., 1999). It is therefore question-
able if actors should be using such a system when it could cause, for instance nausea. These practical as 
well as ethical questions should be considered for VR and other systems before using them in practice.

In conclusion, using VR and AR glasses for motion capture is possible but must be considered as 
limited in its usability for most capture shoots. Therefore, we developed a solution from existing hardware 
on our own. The resulting prototype is described in more detail below.

Prototype Description

Our earlier research already suggested a head-mounted projection display as support for motion capture 
actors (Kaan et al., 2014). We further developed this concept and created three digital acting scenarios 
that specifically aim at showing acting scenery to actors and triggering emotions and moods for their 
performance. Moreover, the projection area was increased from covering a 4m by 2m wall to a 340-de-
gree projection area of 3m by 4m and 2m in height. This setup was used as a basis to perform our user 
tests and to explore the use of mixed reality technology as acting support.

The current prototype consists of two Lithium Polymer batteries (2 x 3,7 V x 2000 mAh = 14,8 Wh) 
that are used as power source for the stripped down pico laser projector, SHOWWX+ from Microvi-
sion. We constructed 3D printed housings to mount the hardware parts of the projector on an adjustable 
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headband, to protect the electronics from light shocks and from electrostatic discharge when accidently 
being touched. A smartphone is connected via a MHL adapter and a HDMI cable to the projector. This 
setup of our prototype can be seen in Figure 3.

Our prototype uses a retro-reflective cloth that works as a screen and increases the very low brightness 
of the laser projector from 15 lumen to a brightly perceived retro-reflected image. Using the reflective 
material also tends to give an impression of having the digital content spatially closer to the user as 
when only projecting an image to a wall. With this reflective material, we covered parts of a room to 
create the “acting stage”, as shown in Figure 4. The room was covered with the 12m long and 2m high 
retro-reflective cloth in a rectangular setup. This allowed for some space of interaction and movement 
for the actors and covered a 340-degree projection area. The floor and ceiling were not covered with the 
reflective cloth no. 6101 from RB Reflektör, which provides high-quality optical properties.

User Tests

For our user tests, we invited 6 traditionally trained male theatre actors working for theatre and TV 
production. Five actors had 6 to 10 years of work experience and one less than 5 years. The actors were 
invited individually for a 1-hour session to test our prototype and to give feedback on our acting sup-
port application. Important in the selection of the actors was their traditional acting education and their 
experiences in theatre and TV productions. The actors were compensated for their participation.

Motion capture actors can have a wide variety of acting skills. For our user tests, we decided to use 
professionally trained actors as they are one type of motion capture actors and because we were looking 
for professional feedback from actors who had a traditional acting education. Trained actors have a clear 
understanding of what an actor needs and can critically access our acting support application. From this 
point we will adjust our findings and adapt it to motion capture actors with different levels of acting skills.

Figure 3. Picture of our HMPD consisting of (1) smartphone, (2) laser projector and (3) battery pack
As smartphone, we use a Samsung Galaxy S4+ that runs an app created in Unity 4, which processes the sensor data from the 
smartphone’s inbuilt gyroscope detecting head movements and holds the digital environments. The created digital environments 
are explained in more detail in a later section.
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Procedure

One day before the user test session, we sent out a very short description of three scenes that we wanted 
the actors to perform. The descriptions briefly described the character to be played in each scene, the 
feelings in the scenes and a rather short story. There was no script to be learned, as we expected more 
of an Improv performance. The short descriptions and the Improv acting style were chosen, as this is a 
very common procedure in motion capture acting for computer games and animation.

On the test day, the actors were first introduced to the test environment and the idea behind our re-
search in general. To be able to compare the difference between acting with our prototype and without, 
we asked the actors to perform each of the 3 scenes, which were about 2 minutes long, 2 times; once 
without and once with our prototype. To avoid getting false measurements by influencing the actors’ 
feedback through showing the virtual environment first, 3 actors started their performance with the de-
vice and 3 actors started acting without the device, so we used a ‘within subject design’ approach with 
a counterbalanced order (MacKenzie, 2012). All three scenes were performed sequentially either with 
or without the device and thereafter the actors switched to act the three scenes again without the device 
if they had just performed with it. This meant that at the end all six actors performed the 3 scenes once 
with the prototype and once without the prototype. All actors had the chance to ask questions about the 
scene and their act, as well as to use the cards describing the scene and the feelings in the scene. The ac-
tors had to shape their act on the spot and no repetitions were performed. The actors decided themselves 
when they were ready to perform the scene. As success criteria, we set the goal to complete all six shots 
playing the character as they see fit according to the instructions and explanations of each scene, as well 
as being near the time frame of 2 minutes.

Figure 4. Acting space covered with retro-reflective cloth, showing 3 views of the nature scene from an 
actor’s viewpoint with distortion-free images. Viewpoint 2 and 3 have been taken from a video and at-
tached to this figure for exemplification
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After having completed all 6 performances the actors used a card-sorting task as explained in previ-
ous research and reports (Bendek & Miner, 2001), (Travis 2008). We used 20 positive and 20 negative 
words, inspired from a list of product reaction cards (Bendek & Miner, 2001), (Travis 2008), which 
could be associated with our prototype. Then we told the actors to choose as many cards as they saw 
fit. Four actors choose between 4-6 cards, one actor 9 and another actor 13 cards. In previous research 
it was suggested to refine the selected set of cards down to 5 cards before conducting an interview on 
them (Bendek & Miner, 2001). We chose to skip this step as most actors chose a number of cards close 
to the suggested 5 cards. In the 2 cases where actors selected more cards, we picked outliers or for us 
unexpected cards and used them for the interview.

Finally, we conducted an interview with each actor to discuss the cards that they selected before. The 
interview also covered 4 extra questions about the use and benefit of the prototype for acting.

Description of Acting Scenes

It was our goal to provide three acting scenes that were distinct from each other and demanded different 
acting in terms of moods, feelings, environments and characters to be played. The designs of the virtual 
environments were modeled after scenarios that could occur for motion capture shoots for computer 
games and animations. In motion capture acting, actors need to be able to change moods and emotions 
quickly, as scenes can be short and require different acting. Therefore, we aimed at providing 3 scenarios 
that are, in terms of moods, emotions and acting, fairly distinct from each other. To do this we created 
a nature scene, a war scene and a scary scene.

All actors performed the scenes in the same order, starting with a nature environment then a war 
environment and at last a scary environment. Thereby, three actors were starting to act by wearing the 
device and three actors started to act without it first, as mentioned before.

To get a visual understanding on how the scenes looked in the virtual environment, a screenshot of 
all three environments can be seen in Figure 5.

Figure 5. The upper image shows the nature scene, the lower left image shows the scary scene and the 
lower right image shows the war scene
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A more detailed description of the scenes is listed below. Similar descriptions were also sent out to 
the actors.

Nature Scene: The idea for this scene was to provide a nice and friendly nature environment, where 
the actors play a character of their choice, maybe even play themselves. The actors were basically free 
in how they interpret and use the environment. The task was to project joy, happiness and the friend-
ship. The environment was rather scenic, only the sound of birds was played through the speakers of the 
mobile phone. Evaluations have shown that some actors had no problems with this task when wearing 
our prototype, others mentioned that it was not guided enough and others mentioned that it would restrict 
their imagination.

War Scene: Here, the actors were given the task to play a soldier in an army camp located in a desert 
environment. It was explained that the army base is on high alert and will be attacked shortly. The goal 
for the actors was to act out the tension, alertness and stress before the attack and then command other 
soldier to get back in line after the attack. In this environment, other soldiers were animated, sounds 
supporting the storyline were added and animations and sounds for explosions and a helicopter were 
set up to create a more guided and animated scenario. Here the actors performed the demanded moods 
and reacted to the animations almost naturally. Nonetheless, some actors mentioned that gun fire and 
explosions were after a while reoccurring and were not useful for their acting anymore. However, as 
initial triggers and simple background sounds and animations the set up worked well to trigger natural 
reaction and to get the actors into their acting moods.

Scary Scene: In this scene, the actor was placed in a night environment, near a cemetery located in 
a forest. For this scene we provided more detailed information about the story and the character. We 
explained that the character found a hidden cemetery in the woods by chance, after his dog ran away. 
Then the character finds the dog barking from inside the cemetery and needs to try to get the dog out of 
there. Here, we wanted the actor to play a character that felt scared, spooked and only wants to leave the 
strange place but pushes himself or herself to overcome the fear of the environment and to get the dog 
back. This scenario was rated by most of the actors as their favourite scenario out of the three. This was 
mostly because the story was more described and easier to relate to. In this scenario, there were almost 
no animations; only the sound of a barking was hearable.

Card Sorting

As one form of user evaluation, we performed a card-sorting task. Through the card-sorting task we set 
a basis for the interviews and allowed the actors to express their experiences and feelings when using 
our device in a different form. We provided 20 cards with positive words and 20 cards with negative 
words that could be associated with our device. The actors picked the cards that they found suitable. The 
result of this task is shown in Figure 6 as a word cloud where the size of the words is an indicator of the 
number of chosen words. All chosen words from the six actors are depicted in this figure.

The actors mostly picked positive cards, 2 cards were from the negative set of cards: stressful and 
boring. This was very interesting for us and was then discussed in more detail during the interviews that 
we performed. It was also interesting to see which cards the actors picked most, which were: motivating, 
entertaining, simple, exciting and fun. These cards were also further discussed during the interviews.
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INTERVIEWS

The first part of the interview started by asking each actor about the cards that they picked from the card 
sorting task to get a better understanding about the actor’s thoughts on our application. Thereafter, we 
asked 4 additional questions about acting with the device. The questions were as follows:

1.  Was there a difference for you when acting with the HMDP in comparison to acting without it?
2.  Did you feel more immersed in the acting environment when using the HMPD?
3.  Did our application benefit you with your acting?
4.  Did it help your imagination when seeing the digital acting environment?

Figure 6. Word cloud of the results from our card-sorting task

Figure 7. Actor performing card-sorting task
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In the following we will discuss only the unexpected and instructive findings from the interviews 
and would like to start by looking at some answers that the actors gave us when asking why they picked 
certain cards from the card-sorting task.

One actor picked the card ‘boring’ and explained that he chose the card because the first nature 
scenario was too boring for him. The actor would have liked to have more action or animation in this 
environment to support his acting. Another actor chose the card ‘stressful’. Here, the actor explained 
that there was almost too much action in the war scenario so that it felt stressful to be in the mixed re-
ality environment. Another actor picked the card ‘engaging’ and mentioned that the application “was 
more useful when enjoying and letting it go”. He also mentioned that it was ‘exciting’ to use the device 
because the acting world that actors would generally create in their minds was already there. Moreover, 
four actors picked the card ‘motivating’ and explained that it was easy to get into the right acting mood 
when using the device. One actor mentioned here that it was motivating because it was “easy to get into 
the mood and it saves time.”

The above feedback shows that there were different reactions to our 3 generic scenarios. We are 
aware that the scenes were not adjusted to the specific skills of the actors and directing was kept to a 
minimum. This was believed to give a clearer feedback to how useful our device is for acting support 
and to indicate potential issues.

From the 4 additional questions asked in the interview, we also got the reactions that our application 
is a tool that helps the actors and directors to provide a better way of communicating the scene and the 
act. One actor mentioned that in classic acting methods, this step needs a lot of explaining and time, 
which was made easier with our mixed reality application. Furthermore, the same actor added that he is 
a ‘visual learner’ and therefore it helped him for the act as well as to create strong feelings when using 
our head-mounted projection display.

Some actors also mentioned in their critique that our application would not help in terms of ‘imagi-
nation’ which is an acting term describing how an actor can adapt to a performance, an imaginative 
environment, the conditions and the events happening to a character (Kade et al., 2013b), (Sawoski, 
2010). The free interpretation that is given from e.g. theater acting is taken away and the act is in one 
way already directed. Balancing this interpretation should be guided by a director but for some motion 
capture shoots, a more framed performance with less artistic interpretation is wanted. Therefore, it could 
be interesting to explore the use of our application as a way to guide such a performance. Another ac-
tor added that, even it is breaking the imagination of an actor; it was helpful to get into the right acting 
mood at the same time. This is an interesting finding for us because here we see a potential difference 
between professionally trained actors and other actors that might perform in motion capture acting, as 
the professional actors prefer less guidance through the device and only need key elements to use their 
artistic freedom to its full potential. For other motion capture actors, we assume that more guidance 
would help their act but this must be confirmed in future research.

What was also pointed out during the interview is that sounds need to be used carefully and should 
not be played continuously or reoccurring if they are not directly meant to trigger moods or emotions. 
One actor in particular was displeased and suggested to only play sounds or animations in key situations 
when some act or emotion should be performed.

In our application we used reoccurring sounds, especially in the war zone environment, which was 
perceived by the actors as rather disturbing than helpful.
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Additionally, an actor mentioned that our device could be useful for acting preparation, to create the 
character and for testing the actors’ own reactions to uncommon acting environments e.g. when being 
afraid of heights or when being in a war zone.

CONCLUSION

A key question for us, when performing this research, was to understand if our mixed reality application 
is useful as acting support or not.

From the actors’ feedback we have extracted that our mixed reality application helps their acting 
while being on stage and supports them to get into the right acting mood as well as to create the char-
acter. Nonetheless, we have also encounter some design issues in parts of our application, as argued in 
the following.

In other research, Stanislavski (2013) was cited by mentioning “when communicating in virtual 
environments, actors must establish emphasis and emotion. Hence, the interface should not obstruct 
natural interaction by becoming an unwanted mental or a physical diversion for the actor” (Stanislavski, 
2013). After our user tests, we agree to this statement. What we thought to be a simple to act scene, like 
the nature environment or a well-guided scene like the war zone scene, turned out to have some issues 
that got the actors distracted and restricted them in their artistic freedom. In the nature scene, we real-
ized that there needs to be a problem to solve and a clear story or description of objectives to provide a 
useful scenario for actors. In the war scenario we thought that providing animations and sounds would 
guide the actors, set the scene and surprise the actors. This worked only to a certain extent. The first 
occurrences of e.g. an exploding bomb made the actors almost naturally duck their heads, as it came 
unexpected. Our encoded problem was that we filled the scene with too many sounds and animations 
that were also repeated after a while. Retrospectively, we think that less action would have provided a 
better result. Only key actions or trigger points need visual or audible feedback, as additional elements 
might lead to a less immersive experience or even limit the actors’ imagination and creativity.

Most actors expressed their enjoyment about the scary environment as they were given clear character 
instructions, a story and an objective that they were able to easily relate to. The environment created the 
look and feel of a scary place and the only sound played was the barking of the dog.

From the user test results, we have also seen that the level of immersion was mediocre. Nonetheless 
we would argue that actors have been immersed into the environment, even if just to a mediocre extent. 
Witmer and Singer explained that being enveloped by, included in, and interacting with a virtual envi-
ronment leads to or is immersion (Witmer & Singer, 1998). These points were also given for our user 
tests but we see the need to explore immersion and presence in a more detailed study with notions of 
sensory and imaginative immersion as well as involvement.

One actor also mentioned that our device could be used for acting rehearsals. To explore these pos-
sibilities, we looked at other research. There it has been suggested that “for virtual rehearsals to suc-
cessfully complement traditional practice, the virtual environment must be mechanically transparent 
yet still mimic the real world” (Reeve, 2000). We see this statement fit in a way, as we create an acting 
environment that digitally provides the background, the environment, the scene and helps setting the 
mood of the scene. At the same time, we allow using real props or human and digital actors as a form of 
interaction. We believe that, even our device was not intentionally build for rehearsals, it could be used 
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for acting training, preparation and getting familiar with the environment before the actual performance, 
as it was suggested by one actor.

In acting or also in motion capture acting, a ‘performance’ can mean a variety of things. It could 
be a traditional theatre performance with voice and body acting, a dance performance, mime acting or 
performing motions like walking, jumping or alike. Even for this variety of a ‘performance’, we see our 
application as supportive for actors. This is because our setup allows for flexibility in agility, is small in 
size, does not cover the eyes and allows seeing virtual content while moving around in a confined space. 
This gives the opportunity to provide different kinds of acting support. In our case, we showed a virtual 
acting environment that was meant to show scenery and provide an understanding of the atmosphere. 
Another way of showing acting support could be by showing way points, basically outlining where the 
actors should move or perform certain movements. Moreover, the director could be able to interact with 
the digital environment and trigger events. The cooperation and interaction between actor and director 
could allow for an even more supportive application, which we are developing for future research.

From the actors’ feedback, we extract that our mixed reality application can be used for acting support 
and we have shown how our provided virtual environments could be improved and used better as acting 
support. Therefore, we believe that this research provides a basis for an acting support application and 
for further research to provide an acting support application that can be used during acting on a motion 
capture shoot floor and by ‘actors’ with different levels of acting training.

Lessons Learned

Through this study we have learned that our application is useful as acting support while acting on stage, 
helps to get the actors into the right acting mood and helps to understand and prepare the character as 
well as the act.

We have also experienced that the slightest distractions through hardware related issues should be 
avoided. Problems like a headband that does not fit the actors head properly, a part of the prototype 
bothering the actor when wearing the projector as well as when too much of the projector would be in the 
field of view of an actor. We did not have these issues in this research but experienced them in previous 
research projects. These are issues that can be simple to solve but we meantion them here to make the 
point that the wearing comfort of a device is important to be accepted by the actor and to allow creating 
a more immersive environment.

Moreover, we learnt that too many repeated animations and sounds can be counterproductive. The 
application should only support the actors to trigger actions or the actors’ moods and performances. On 
the other hand, when an environment is too simplistic and has no gain for the actor during a performance, 
the usefulness of wearing the device might be questionable, like we have experienced with the Nature 
environment. Nonetheless, this is very dependant on the actors’ preferencanes. Each actor gave us slightly 
different views on this environment. What could be of thought for an environment that is purely meant as 
a background scenery and to allow understanding the initial emotions to be played, is that actors could 
explore the environment before the shoot and then does not use the device during the shoot. Another 
option would be to enrich the environment with more opjects and triggers needed for the acting.

Another point to mention is that the acting scenery does not have to be modeled with high details, it 
is sufficient to be able to show important locations, the basic scenery and to give the actors a grasp of 
what moods and actions need to be performed. This also helps the motion capture process, as time to 
create a complete game environment or digital scenery is time consuming or simply not available at the 
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time of a motion capture shoot. Keeping the details of the virtual environment low also helps to comply 
with the currently limited processing power of a smartphone.

Finally, we have observed that performances with our acting support application were more guided 
than without using it and allowed actors to focus more on the demanded emotions. The performances 
seemed to be more compliant with the descriptions given to the actors before. Less extra interpretations 
from the actors were included in their acting.

Current Weak Points

From this research we experienced a few weak points with the current state of our mixed reality applica-
tion used for supporting motion capture actors’ performances. These weak points need improvements in 
software, hardware and in adding new features.

A simple software adjustment is that visuals, animations and sounds need to be carefully chosen and 
placed. Sounds and animations should not be overdone and only be used to trigger actors’ performances 
or emotions.

In our current prototype version, the director has not much control over the events in the virtual en-
vironments. For the interaction between actor and director during a shoot but also to ensure a smoother 
integration into the motion capture process, it would helpful to allow wireless access for the director 
to for example trigger certain events or change scenarios as needed, without physically controlling the 
smartphone. This would allow directors to trigger for example an explosion at a time when they see it 
fit to the acting and the mental state of the actor to get the most out of an actor’s performance.

Our hardware prototype still allows for improvements. One is the field of view is currently limited 
to the field of view given by the projector. It would create an even more immersive environment when 
the field of view could be increased by factor 2 or 2.5. This is certainly a task that we want to address 
in future research.

Another weak point can be addressed when improving the ergonomics or more directly, the housing 
of our prototype. Here, especially the location of the smartphone was mentioned to be slightly impracti-
cal. A more centered position would be more ergonomic. Also, the housing can be made more robust 
to protect the electronics better.

A vision on how we see the hardware issus to be addressed can be seen in the next section.

Future Design Vision

As mentioned previously, the design of our prototype needs to be improved for next iterations. In Figure 
8 you can see an initial CAD drawing which shows our current design vision.

The design still contains an adjustable headband which will be placed around an actor’s head and 
holds the prototype in position. All components are now centered. The projector is still mounted on the 
forehead and the other componentents such as battery, smartphone and MHL adapter are placed in a 
compartment on the top head. Parts of the prototype that touch the actors head will be padded. Through 
these improvements we hope to achive a more ergonomic design which is more comfortable to wear for 
the actors, makes the prototype more robust and eliminates some of our current weak points.
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FUTURE WORK

As our prototype was developed to be used for a variety of ‘actors’ in a motion capture setup, we are 
planning to use our insights from this paper to explore how actors with different levels of acting train-
ing perceive our acting support application. Furthermore, we see the interaction between director and 
actor as important and want to explore this by giving the director interactive and real-time control of 
the virtual environment. This might allow to simplify explaining the act, the scenario and could trigger 
more natural reactions and movements.

Another future plan is to improve the field-of-view of the projector to provide an even more immersive 
experience by adding a lens infront of the projector. Depending on the optical calculations and available 
lens solutions, we hope to increase the field of view by the factor of 2.

Our developed mixed reality prototype has been proven to show its potential as an acting support 
application but also showed potential to be used as a rehearsal or motion capture shoot preparing tool. 
Nonetheless, we see some improvements that we believe will increase the usability and experience with 
our mixed reality application.

During our research, we came to the point of making the decision to decouple our application from 
the advanced tracking capabilities of a motion capture system. This was because he had temporarily no 
access to the system but also allowed for a more mobile and versatile prototype. On the other hand, this 
has the drawback that physically moving in a virtual environment is less precise when using the inertial 
sensors of a smartphone. We encountered, as others before (Martin et al., 2010), that the accelerometer 
sensor on the mobile phone delivers data that is too noisy to be used for accurate measurements. There-
fore, an improvement would be to wirelessly transmit positional data from the motion capture system 
into the Unity game engine to provide smoother interactions and natural walking as well as movements 
that could increase the experience and immersion when using our motion capture acting application.

A continuation of our idea to allow the director to steer and guide the actors during their perfor-
mances through altering virtual content and triggering events is believed to increase the usefulness of 
our application. Therefore, we see a potential to further develop and explore this idea. This could allow 
directors to e.g. use wind, sounds and visual effects to trigger even more life-like and believable mo-
tions and emotions performed by an actor. Moreover, it could lead to useful discussion to create a better 
understanding of the shoot between actor and director.

Figure 8. Future vision of the prototype
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ABSTRACT

This chapter explores the results of a study using the well-known social networking site, Facebook, to 
investigate graduate education students’ perceptions on the use of technologies in classrooms around the 
world. This study was part of a larger project exploring tele-collaboration and the use of online discus-
sions involving graduate students in an online program based in Australia, and students in a graduate 
Education program at a regional university in Greece. Findings reveal many similarities between the 
situations and perceptions of the participants from the different countries. They also demonstrated that 
even when technologies were available in schools, participants identified a critical need for professional 
development to increase teachers’ use of ICT. These findings are relevant to researchers, educators and 
policy development in terms of implementation of ICT and/or social networking in the language classroom.

INTRODUCTION

To date, there appears to have been little research on how teachers use Facebook, either privately or in 
educational contexts, and whether the characteristics and trends in Facebook use identified for students 
generalize to teachers. There has also not been much research on how Facebook itself can be used to 
collect data, based on naturalistic discussions of topics of interest to users, such as the use of technology 
by teachers. This chapter attempts to address these research gaps by exploring how Facebook discussions 
can facilitate discussions by teachers, who are also graduate students in Australia and Greece, about 
similarities and differences in access and use of technologies in their classrooms.
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Background

Facebook is a widely used social networking site with over 1.11 billion users (Wikipedia, 2013). Facebook 
is the most popular social networking site in Canada, the UK, and the US, with Facebook penetration 
highest in North America, followed by the Middle East/Africa, Latin America, Europe and Asia-Pacific 
(Wikipedia, 2013). With a few exceptions (e.g. Peoples Republic of China, Iran), Facebook can be ac-
cessed globally for free by anyone who has internet access and a Facebook account.

The site works with a user registering, then creating a personal profile, to which they can add other 
users as ‘friends’, with whom they can then exchange messages, chat, etc. Additionally, users may join 
common-interest user groups, organized by workplace, school or college, or other characteristics, and 
categorize their friends into lists such as “People From Work” or “Close Friends” (Wikipedia, 2012). In 
general, privacy can be maintained as the Facebook page owner has control over who is a ‘friend’, and 
what kind of access they have to content on the page.

In this study, we propose that these features, together with the widespread familiarity of many stu-
dents with the specific site and its functions, as well as the fact that it is free to access, could position 
Facebook as an appropriate option for a ‘virtual learning environment’, by facilitating interactions and 
telle-collaboration between teachers in diverse teaching and learning environments.

Despite the relative newness of Facebook, which was only launched in 2004, there has been an explo-
sion of research about various facets of Facebook since approx. 2009, when widespread uptake began 
to be seen. Research about Facebook spans a number of different fields, from psychology to education 
to business and medicine. Recent research includes analysis of the types of people who use Facebook 
(Carpenter et al., 2011; Gangadharbatia, 2010; Gosling et al., 2011; Orr et al., 2009; Ross et al., 2009), 
how different groups use Facebook (Attia et al., 2011; Ellison et al., 2007; Hum et al., 2011; Nosko et 
al., 2010; Park et al., 2009; Pempek et al., 2009; Waters et al., 2009), how Facebook can or is used in 
education (Eyesenbach, 2008; Goodband et al., 2011; Harrison & Thomas, 2009; Hew, 2011; Kabilan et 
al., 2010; Madge et al., 2009; Maranto & Barton, 2010; Pempek et al., 2009; Roblyer et al., 2010; Yan 
et al., 2010), privacy issues with Facebook (Qi & Edgar-Nevill, 2011; Smith & Kidder, 2010; Weir et 
al., 2011), and even content analyses of Facebook pages (Glyn et al., 2012; Hum et al., 2011).

Research indicates that Facebook use varies by both the type of user, as well as by purpose or use 
(Carpenter et al., 2011; Gangadharbatia, 2010; Gosling et al., 2011; Orr et al., 2009; Ross et al.,2009). 
Although the use of Facebook for educational purpose is relatively new, interest in this phenomenon is 
increasing (Eyesenbach, 2008; Goodband et al., 2011; Harrison & Thomas, 2009; Hew, 2011; Kabilan 
et al., 2010; Madge et al., 2009; Maranto & Barton, 2010; Pempek et al., 2009; Roblyer et al., 2010; 
Yan et al., 2010). Research on the use of Facebook in educational contexts has explored a number of 
groups in terms of their use of Facebook, although the majority of research has focused on student users.

To date, considerably less research appears to have been done on how teachers use or perceive Face-
book themselves (personally and/or pedagogically), although some research has suggested students 
reported higher levels of teacher trustworthiness and caring attributes when the teacher provided more 
information about themselves (e.g., self-disclosure) on shared Facebook pages (Hew, 2011). Research on 
Facebook in educational contexts also suggests considerable individual variation in the type and amount 
of use by individuals, but has not yet examined these issues in detail. To date, there appears to have been 
little research on how teachers use Facebook themselves, either privately or in educational contexts, and 
whether the characteristics and trends in Facebook use identified for students generalize to teachers.
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This chapter attempts to address this research gap by exploring how teachers, who are also graduate 
students in Australia and Greece, perceive similarities and differences in access and use of technologies 
in their classrooms.

USING FACEBOOK FOR RESEARCH ON THE USE 
OF ICT IN THE LANGUAGE CLASSROOM

Issues, Controversies, Problems

To date, it appears that much of the research on ICT and/or social networking in Education makes as-
sumptions about issues such as an inherent benefit to using ICT in teaching, and/or universal access to 
ICT and/or social networking in schools or educational contexts, without actually investigating the reality 
‘on-the-ground’, by asking teachers about their experiences. In other words, there appears to be an as-
sumptions that: (1) technology is good for education, and (2) technology(s) are accessible and available 
for educational purposes. In terms of the latter issue, we explore what ‘accessible’ could actually refer 
to: in-school access for teachers and/or students; in-class access for teachers and/or students; access to 
social networking for teachers and/or students; and extracurricular access to ICT and/or social network-
ing (e.g., access outside of school).

In this chapter, the perceptions of graduate students, who are also teachers from a number of different 
countries and teaching contexts, regarding the use of ICT and social networks in the classroom will be 
explored using discussion forums in Facebook. Therefore, this chapter considers two main issues: (1) is 
Facebook appropriate for use for data collection on perceptions; and (2) what kind of issues do teachers 
discuss regarding access and use of ICT and/or social networking in the classroom in an online forum.

The Study

Earlier research by Woodman and Kazoullis (2007) using tele-collaboration had indicated that important 
factors in successful tele-collaborations included ease of use and access, familiarity with the platform or 
site, and providing targeted discussion questions, often involving self-reflection and application to stu-
dents’ own experience, for participants to share with their classmates while online (e.g., to facilitate and 
engage social interaction). These questions could create a purpose for interaction between students who 
do not know each other, by encouraging them to share similarities and differences in perceptions about 
a shared experience via social networking (e.g., in this case, the use of technology in their classrooms).

In this chapter, the social networking site, Facebook, was chosen as the virtual environment for the 
tele-collaboration as it was identified as a site that the majority of students could access easily (e.g., 
without having to navigate different universities’ logon systems, or go through complex access processes). 
It was also identified as a site with which many students would have some familiarity due to the popular-
ity of the use of Facebook for personal contacts (Hew, 2011). It was believed that previous familiarity 
could minimize the possible interference of the technology itself on interactions (e.g., the navigation of 
the system would be less problematic than having to learn a new system), and therefore minimize it as 
a disruptive factor in the study. In addition, based on the findings of Woodman and Kazoullis (2007), 
specific tasks were designed to encourage interaction between the two groups of participants, and to 
engage discussion on a specific topic (e.g., ICT in the language teaching classroom).
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METHODOLOGY

Subjects

Participants in the study included nineteen pre- and in-service teachers studying in Masters of Educa-
tion in Australia and Greece, and their two academic lecturers. Twelve of the students were studying in 
Greece, and seven were studying at the Australian university. While all of the participants from Greece 
were ethnically Greek, the ‘Australian’ group actually included participants from diverse cultural and 
linguistic backgrounds, including two students from China, one student from Malaysia, one student 
from the Philippines, one student from South Korea, one student from Saudi Arabia, and one Australian 
student. In total, there were five male participants and sixteen female participants.

Data Collection

A Facebook page was specially created for the project, and within the Page a specific discussion group 
called ‘Scenario Discussions’ was created. Weekly scenario questions were posted to stimulate discussion 
between the graduate students in Australia and Greece on issues in the use of technology for teaching 
languages via social networking to explore shared experiences: to discuss, share and interact with each 
other. Because participants shared a common profession (e.g., as language teachers), but did not know 
each other ‘offline’, discussion questions included issues which might be common to teachers in different 
countries such as access and use of technology in the classroom, and problem-solving via discussion of 
real-life issues facing teachers in different countries. To ensure participant privacy, access to both the 
Facebook page and the specific “Scenario Discussion” group within the Facebook page were controlled 
by the authors (who were also the course instructors). Only participants in the study could access and 
participate in activities. Approximately, once a week, a new “Discussion Question” was posted, and 
participants were invited to comment. All participants had 24/7 access to the site, so they were able 
to participate at their convenience. The study ran for approximately three months, which included the 
academic semesters of both institutions.

Analysis

Data in the larger study was analyzed in two ways. First, overall tendencies were observed in terms of 
number of participants, number and types of postings, number and types of postings/participant, etc. 
Second, ‘target’ postings – or those which triggered responses from participants – were identified and 
classified into four main categories: discussion questions, online questionnaires, resources, and other 
(Hew, 2011).

In this chapter, analysis focused on forum postings on Facebook in terms of (1) the types of activi-
ties; (2) the types of users; and (3) the content of responses. These responses were compared based on 
country of origin/teaching context, and are discussed in terms of similarities and differences of teaching 
contexts, countries of origin, and content of response. All quotes are provided as written by participants, 
without correction.
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Results

The issue of access to ICT resources and/or the internet was a subject which generated the most discussion 
between participants. This result is perhaps not surprising, since all of the participants shared backgrounds 
as language teachers, and they were studying in courses on the use of technology for language teaching.

Access to ICT resources and/or the internet in educational contexts involve a number of different is-
sues. For example, WHEN and/or WHERE the resources are available could potentially affect teaching. 
That is, teaching could be influenced by whether the teacher can use the internet at any time during their 
class, in the classroom – or do they need to pre-book a computer lab only once or twice a week? Similarly, 
are there restrictions on the amount of downloads or access to power/electricity? The amount/number of 
resources available relative to the size of the class can also be an issue (e.g., are there enough computers 
for the number of students, or do they need to share)? And of course, the condition of the resources (e.g., 
age of computers, number working, etc.) can also influence how easily or often they are used.

In fact, responses suggest that while most participants had some access in schools, access for students 
in school (e.g., during the school day) varied considerably, sometimes even within the same country. 
In other words, the differences may be seen by school (e.g., private vs. public, wealthy vs lower SES), 
rather than by country/region.

For example, teachers from China agreed both teachers and students had access to ICT in schools, 
in-class, and in extracurricular contexts. They also had social network access (albeit to local versions). 
Similarly, the teacher from South Korea indicated both teachers and students had access to ICT and 
social networks in schools and in extracurricular contexts, and ‘most’ in-class as well. The teachers from 
Greece also indicated that both teachers and students had access to social networks and in extracurricular 
contexts, and most had access to ICT in schools and in-class.

By contrast, the teacher from Australia, while agreeing that there was access to social networks and 
extracurricular access, characterized access in schools as ‘some’, access for students as ‘limited’, and 
in-class’ as ‘it depends’. Finally, the teacher from the Philippines indicated there was ‘some’ social net-
work access and access in schools, but limited access for students in the school and in-class, although 
they were able to access it outside of the school.

In general, there were considerable similarities in terms of access across the different countries and 
teaching contexts. For example, in all of the countries represented in the sample, at least some access was 
available in schools, and all had access outside of the classroom (e.g., extracurricular access). However, 
there were also some interesting areas of variation by country. For example, the PRC and South Korea 
appeared to have the most general access to ICT and internet (noting, of course, the restrictions in the 
PRC on certain types of social networks). The PRC, South Korea and Greece appeared to have the best 
access for students. Interesting, as will be discussed below, in-class access was found to be the most 
contentious issue, with only the PRC appearing to have full access across different types of schools.

In the next section, some of these country-based differences will be discussed in more detail.

China

One key difference in terms of internet access was for those living in the People’s Republic of China 
(PRC), where access to sites like Facebook, YouTube and Twitter is typically blocked. However, a number 
of sites with analogous functionality are available, as XZ comments
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While in China we have no access to the popular websites, ie. Facebook, Youtube, Twitter, there are 
other similar substitutes available. For instance, the popular social networking websites include Renren, 
Kaixin, where people can keep with the latest news about their friends. Youku is the website where you 
can upload your own videos or watch others. [XZ]

XZ also noted the raising importance of mini-blogs:

Similar to Twitter, mini blogs are now gaining more and more popularity among people from all walks 
of life...All the above is accessible to our schools as well as our students by computers or mobiles.[XZ]

As noted above, in general terms, access in the PRC appears similar, if not better, to those in other 
countries for both students and teachers. Access was available for students and teachers in schools, in-
class, and also in extracurricular contexts (often by smart phone), thus suggesting in this context the use 
of ICT for teaching purposes would be supported.

South Korea

Similarly, according to SK, in South Korea

..most schools have access to CMC. Also most of student [sic] can access to CMC at home easily or 
in the school computer labs. Sometimes, I asked my students to access special webpages to review and 
self-study what they’d learnt in the class. [SK]

Thus, access was available for students and teachers in schools, in-class, and also in extracurricular 
contexts (often by smart phone). South Korea is also well-known for fast access speeds, increasing the 
type of materials and activities that can be used. SK also indicated she used ICT to help her students 
both in and out of class, providing evidence for the potential for increased use of ICT and/or social 
networking for educational purposes.

Greece

In Greece, according to VK, “most schools have computers and internet access. And lots of schools 
have interactive whiteboards”. However, AG suggests “when we have such equipment, they are not used 
properly in class or not used at all”, a perspective supported by NM and JV.

NM says

I agree that almost all schools (at least those that I’ve worked at) have technological equipment that 
can be used for teaching but the point is that the percentage of teachers using them is disappointingly 
low...[NM]

The issue of access to ICT, but a lack of teacher use of ICT, and how this may be related to lack of 
teacher training, was of particular concern amongst the Greek students, although it was also echoed by 
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other participants in the study, suggesting this is a significant underlying issue impacting ICT use for 
teaching.

It appears many school administrations believe providing technology(s) is enough to support the use 
of ICT in teaching. However, many of the teachers pointed out that even knowing how to use a particu-
lar technology or resource (e.g., Facebook) isn’t the same as knowing how to use it to teach (or teach 
language). Therefore, often, there was also a perceived disconnection, or gap, between ‘normal’ in-class 
teaching techniques, and the online world.

The Philippines

In the context of the participants in the study, LQ from the Philippines was the most influenced by a 
general lack of access to resources. LQ notes that in the Philippines,

...due to limited CMC materials, students have to book for a schedule to access the computer in the com-
puter laboratories provided for them and limit their usage for one hour usage for twice a day transaction. 
Internet cafes are also available outside the campus, but students need to pay fifteen pesos (equivalent 
to fifty cents AUD) per hour of usage. Lucky they are if the restaurants and coffee shops which have wifi 
don’t have passwords [LQ]

Interestingly, LQ’s observation seems to be the only example of a possible ‘digital divide’, where 
access may be limited by student income. Most other participants indicated their students had access 
either at home or outside of class in other ways.

LQ’s comment also illustrates the complications in terms of access when students have to use com-
puter labs. Clearly, such restrictions on access could influence the type and focus of possible pedagogical 
uses of ICT or internet.

Australia

KH, in her discussion of access to technology in the context of the Queensland (Australia) educational 
system, highlights more of the commonalities of across the various countries, citing issues related both 
to access, but also frustrating administrative issues, which may limit fully exploiting technology in the 
classroom. She states that “Queensland state schools have access to The Learning Place [an LMS] where 
teachers can set up Project Rooms…and Blackboard virtual classrooms”. However, she also notes that 
although she has used YouTube at school, in general, “access to it is blocked for students”. Similarly, she 
reports that “example sites for educators…(with) RSS feeds of ‘breaking news’…no longer (are freely 
available)..(and can’t) be accessed”. In other works, it appears that some schools that purport to support 
the use of ICT and internet for educational purposes, often also create administrative roadblocks, or 
‘artificial’ or ‘context-specific’ digital divides.

For example, while promoting computer use, many schools block students from using computers 
or mobile devices in class, even for pedagogical purposes. In many cases, the argument for restricting 
access appears to related to classroom management issues, rather than learning outcomes.
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INTERNATIONAL PERCEPTIONS OF ISSUES IN 
THE USE OF ICT IN THE CLASSROOM

When participants were asked about key issues related to CALL or use of technology in teaching in their 
home countries, again more commonalities were seen than differences. In response to the question, “In 
your opinion, what are the key issues in your country’s teaching context related to CALL or use of tech-
nology in teaching, some of the key issues identified included by the Greek teachers included: lack of 
training for teachers (n=3), use of new software (n=3), lack of hardware (n=3), student numbers (n=3), 
perception of use of technology (n=1), and administration/decision-making (n=1). Similar issues were 
identified by the Australian teacher (e.g., teacher confidence and skill with ICT) and the teacher from 
South Korea (e.g., teacher education and confidence with ICT).

Teacher Education

Thus, the key issues identified by the teachers from Greece, Australian and Korea related to the need 
for more teacher education with ICT to make teachers more confident with using ICT in the classroom. 
For example, KH notes that “in Queensland [Australia], teachers’ levels of confidence and skill with 
technology and the availability of suitable resources seem to be the main issues. These findings are 
consistent with much of the literature on the use of ICT in language teaching (Godwin-Jones, 2010).

Within the Greek context, MM suggests “the teachers need immediate training on the use of ICT. 
Some of them have to start from ‘..and this is how the computer turns on’”. NM adds that most teachers 
in Greece think “that technology is used only in Informatics (IT) and not in other fields [such as educa-
tion]”.NM also emphasized the fact that large class sizes also make teaching with ICT more challenging.

Finally, NP expresses the frustration of many educators, noting “every time when somebody new 
governs this place (it) all starts (again) from the beginning!”.

And SK agrees, stating

(South) Korea has similar problem. Technology for teaching has been progressed a lot and so quickly 
but the teachers can’t really follow it up. There are some teacher training programs but teachers don’t 
really use them much as they normally like to use something that is already familiar (to) them…

Other issues identified by participants included issues related to lack of hardware and difficulties 
keeping up with new software.

DISCUSSION AND RECOMMENDATIONS

Findings support the use of Facebook for tele-collaboration in teacher education, and for research into 
ICT and language teaching. Results of the analysis provide support for use of Facebook discussion 
groups to encourage frank and open discussions of critical issues of interest to participants, including 
opportunities for constructive problem-solving by sharing and networking based on expertise. Results 
also illustrate similarities and differences in international issues related to the use of technology in the 
classrooms, and provide support for the use of Facebook for both tele- collaboration between teachers 
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and/or graduate students, but also for data collection in research on teacher perceptions of issues related 
to the use of technology.

The Use of Facebook

The majority of participants were active on the Facebook site during the study, posting a number of times 
over the three month period. There were almost no questions about how to use the site itself, implying 
that participants had prior experience with social networking, and specifically Facebook, and its func-
tionality. Even students from the PRC, who only had had access to Facebook while studying in Australia, 
appear to have had little difficulty adapting to Facebook, since they were familiar with the format and 
functions from their experience with the Chinese equivalent social networking sites. These findings sup-
port the use of Facebook for both the purposes of research, and for the pedagogical use in facilitating 
discussions about issues in language teaching amongst graduate students from different institutions and 
cultural backgrounds. Further, creating a specific place (e.g., Scenario discussions) for the discussions 
appears to have allowed participants to access and post on specific issues asynchronously (e.g., at dif-
ferent times) without the confusion of other issues in Facebook functionality (e.g., timeline, updates).

The Use of Scenario Discussion Questions

The use of specific or targeted Discussion Questions (or ‘trigger questions’) was also supported. Analysis 
of the types of questions which generated the post postings indicated that having specific issues which 
were personal and relevant motivated the most participants to contribute. In this context, Discussion 
Questions which focused on cross-cultural or international differences in education and technology were 
the most popular. These findings underline the importance of engaging in-service graduate students as 
teachers (e.g., as experts) on issues related to their personal experience in their own cultural contexts 
and own classrooms. Issues such as the impact of differential access to ICT and internet in different 
teaching contexts, and suggestions from participants about how to address challenges such as lack of 
training for teachers in ICT, imply a high level of engagement in the key issues of the courses, and a 
level of analysis and problem-solving appropriate to graduate level students. The questions which led 
to the highest response rates were those that allowed the participants to demonstrate their expertise in 
their identities as ‘teacher/experts’, not simply as ‘graduate students/learners. These issues included 
ICT access in their teaching contexts; key issues related to ICT in their countries; how funding for ICT 
could be best spent in their teaching contexts. The types of questions, focusing discussion on common 
issues in diverse teaching contexts, did appear successful in creating an online community of teachers, 
discussing ‘real world’, or authentic, issues and problems.

INTERNATIONAL COMPARISON OF ISSUES IN 
THE USE OF ICT IN THE CLASSROOM

Findings reveal more similarities between the situations and perceptions of the participants from the dif-
ferent countries than differences. Although these results could reflect the origins and size of the sample, 
most participants indicated that while they and their students had access in general to computers and 
the internet, they did not necessarily have this access in the classroom. Even when technologies were 
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available in schools, participants identified a critical need for professional development to increase teach-
ers’ use of ICT. These findings are relevant to educators and policy development as teacher training in 
the use of ICT is necessary for implementation of ICT or social networking in the language classroom.

Because of the impact of access issues on their day-to-day work, the discussion of the shared experi-
ence (and frustration) amongst many of the participants appears to have been a ‘bonding experience’ 
in terms of generating online discussions, reinforcing their professional identities as language teachers 
who faced shared difficulties and challenges, regardless of country or culture – and the ability to identify 
ways to circumvent some of these challenges, and creating a sense of community in the online context 
(e.g., Hew, 2011; Stafford et al., 1993).

FUTURE RESEARCH DIRECTIONS

This study strongly supports the use Facebook for tele-collaboration in teacher education, as well as a 
method to collect data on teacher perceptions using targeted discussion questions, and involving teachers 
(and/or graduate students) from around the world. Future research could further explore teacher percep-
tions of a number of different issues in the teaching of different topics and using different methodolo-
gies. Researchers could also explore the apparent gap between administrative policy and on-the-ground 
reality for classroom teachers.

CONCLUSION

This study supports the use of Facebook for tele-collaboration in teacher education, as well as an opportu-
nity to collect data on teacher perceptions of ICT and language teaching. Postings reveal many similarities 
between the situations and perceptions of the participants from the different countries, suggesting that 
school systems around the world deal with the use of technology in the classroom in similar ways. Most 
participants indicated that while they and their students had general access to computers and the internet, 
they did not necessarily have this access in the classroom. Given the rising importance of e-literacy to 
the global economy, access to computers in the classroom needs to be addressed internationally.

Increasing access to computer-based functionality in the classroom could be accomplished by in-
creased use to mLearning technologies (e.g., making use of smart phones, tablets and laptops), in peda-
gogically appropriate ways. For example, smart phones can provide individual access to the internet for 
task-based searches, dictionary and reference use, or access for specific learning sites. Smart phones 
can also replace the need to book video or audio recorders, literally putting a whole A/V department 
into students’ and teachers’ hands.

Similarly, participants identified a critical need for professional development to increase teachers’ 
use of ICT. The implications for administrators and governments is the need to provide specific and 
targeted professional development such as curriculum and pedagogical task specifically developed to 
use mLearning devices if they want maximal use of technologies in the classroom. There may also be a 
need to change perceptions of devices such as smart phones, so that they are seen not just as for enter-
tainment, but as, “personal learning devices”.

In conclusion, the findings of this study are relevant to educators and policy development in terms 
of implementation of ICT or social networking in the language classroom.
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ABSTRACT

The objective of this chapter was to identify a set of contextual issues in groupware applications used by 
educational support groups. The analysis was performed through a Needfindings study where 20 active 
members of three Mexican federal educational-support groups called USAER were recruited. The analy-
sis considered both users and functional vantage point. The participants (from one USAER) provided 
feedback and insights from their daily activities related to communication with others and resources 
access helping to define and understand users’ scenarios. This information was classified and distilled 
as design ideas in low fidelity prototypes constructed by participants themselves under guidance from 
authors. Finally, prototypes were evaluated by the members of the other two USAER group providing 
their perception as expert users. The study derived in a set of particular contextual issues that directly 
influence interactions in group applications. These findings could be take into account by designers as 
a reliable starting point for well-designed User Interfaces for groupware.
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INTRODUCTION

The working groups use different technologies as support tools for their activities (e.g., email, instant 
messaging, applications for data storage, social networking, text messaging, among others) to achieve 
specific objectives and meet goals group (Gräther et al., 2014). Available technologies allow members 
of working groups to communicate, interact and collaborate across a wide range of methods, minimizing 
common communication barriers as distance and time, and facilitating communication and exchange 
of information between group members, issues that are crucial to the effectiveness of a working group 
(Sagar, 2012).

Currently, the use of applications that allow communication, collaboration and interaction between 
multiple users play an important role in daily activities e.g. groupware systems; Ellis, Gibbs, & Rein 
(1991) suggest that society acquires much of its nature from the way that people interact and communicate 
through message exchange. Groupware systems or collaborative software refers to the use of techniques, 
methods and software tools that allow members of a working group to carry out their task and activities 
through data communication networks, either individual or collectively, and regardless of geographical 
location or time the activities are executed. Groupware systems or also knows as Computer-supported 
Cooperative Work (CSCW) are increasingly used due the facility to integrate knowledge among work-
ing groups and facilitate their communication. Groupware represent a great tool for people group-work 
since they have multiple possibilities oriented to improve interaction, collaboration, and communication 
between group members.

The term groupware was first defined by Johnson-Lenz in 1981 referring to an intentional group 
processes plus software to support them, later, in 1982 he defined groupware in his book «Groupware: 
computer Support for Business Teams» as a computer-based system plus social work-groups processes 
(Johnson-Lenz & Johnson-Lenz, 1998: 1982), other definitions of groupware are:

• (Berkenbrock, da Silva, & Hirata, 2009), it is software that allows the creation of cooperative work 
by using specific technologies to make the groups more productive.

• (Dix A., Finlay, Abowd, & Beale, 2004), groupware is a term for application written to support 
multi-user collaboration.

• (Ortega & Bravo, 2001), it is the hardware and software that support and enhance teamwork, 
therefore, groupware is a set of oriented products to group work, i.e., help groups of people work 
together.

• (Ellis, Gibbs, & Rein, 1991), computer-based systems that support groups of people engaged in a 
common task (or goal) and that provide an interface to a shared environment.

The goal of groupware is to assist groups to facilitate communication, foster collaboration and im-
prove coordination of tasks and allow monitoring the process of building their common activities (Sosa, 
et al., 2006), (Ellis, Gibbs, & Rein, 1991). We define groupware as a set of technologies integrated 
into a system that allows work groups to perform a common task using a shared environment, i.e., this 
technology focuses on designing systems to support group work and the effect that technology on the 
working group. The purpose of all groupware systems is to provide the required functionality to allow 
user to user interactions, unlike the user-system interaction supported by the most conventional software 
systems (Noruega, 2009), (Ortega & Bravo, 2001), (Lococo & Yen, 1998).
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According to Ellis, Gibbs, & Rein (1991) there is no a rigid dividing line between systems that are 
considered groupware and those who are not, due of its multiple and unique characteristics, therefore 
he proposed a taxonomy based on the functionality of the application level, which is represented by a 
groupware spectrum (see Figure 1) which identifies the level or approach degree (low or high) in which 
a specific system can be contemplated within the category of groupware systems.

The Figure 1 shows that the time-sharing systems and email systems are considered as low level 
within the groupware spectrum, due the lack of tools that allow shared activities in the work environ-
ment, conversely, the software review systems and electronic classroom allow performing tasks using 
the shared environment, such that, according to the spectrum of Figure 1, an application is in the range 
of Groupware, only if satisfy with the two determinated variables (common tasks and shared environ-
ment). Ellis et al., (1991) notes that some systems may become high-level groupware spectrum over 
time to advance the technology needed to implement new features. However, this representation only 
considers the functionality as a feature of groupware systems, advances in technology requires consid-
eration of these and other variables for the design and development of groupware systems, for example, 
for mobile devices.

The groupware systems can be classified in several ways, however, the most used and known tax-
onomy is based on Johansen’s (1991) notions of time and space, which is based on a 2x2 matrix where 
time-space considerations suggest four work categories as shown in Figure 2 (Dix et al., 2004).

As Figure 2 illustrates, if we consider time as the base, the applications are classified into synchro-
nous and asynchronous; in synchronous applications, users access and modify shared data in real-time, 
while in asynchronous applications users collaborate in different time to access and modify shared 
data (Preguica, et al., 2005). If we take a space base, applications can be in the same or a different 
place. Similarly, the matrix includes four different types of interactions, i.e. face-to-face, distributed 
synchronous, asynchronous and distributed asynchronous, these are important concepts considered for 

Figure 1. Dimensions of groupware, courtesy
Source: Ellis, Gibbs, & Rein, 1991
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the development of a groupware application. It is important to note that a complete groupware system 
considers the needs of all quadrants of the matrix in Figure 2 (Ellis, Gibbs, & Rein, 1991). The four 
types of interaction are briefly described:

• Face to Face Interaction: In this type of interaction users are in the same place interacting 
through a specific medium, e.g., two users discussing how to use the functions of a smart board. 
Examples of other applications include electronic meeting and system support decision-making, 
among others.

• Asynchronous Interaction: This type of interaction is executed in the same place but at different 
times. As a continuation of the above example, users use the functions of the board individually 
and at different times. Other applications examples are: document management systems and elec-
tronic bulletin boards, among others.

• Distributed Synchronous Interaction: This type of interaction takes place between users located 
in different places but collaborate at the same time, examples of these applications are the plat-
forms: Facebook, Twitter, Google +, Google Docs, Skype, and WebEx, among others.

• Distributed Asynchronous Interaction: This type of interaction takes place between users in 
different locations and collaborates in different time. Examples of applications include: email, 
forums, wikis and blogs, among others.

In addition, the groupware must provide three specific functions within a group to increase its ef-
ficiency, these functions are known as the 3C’s or the three pillars on which a groupware-system rest 
«communication, coordination and collaboration» (Ortega & Bravo, 2001). Communication and coor-
dination are necessary to support collaboration. Communication refers to information exchange between 
group members, coordination refers to group work coordination (Neyem, et al., 2008), and finally, col-
laboration can be defined as the experience of integrating people, processes and technology (Morabito, 
2014). The three functions are described below:

Figure 2. Space-Time groupware matrix
Source: Adapted from Johansen, 1991
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• Communication: It is the most important groupware function, since it is the process in which 
messages are exchanged and information is shared. It is intended that it be effective, i.e., that sender 
and receives information perceived the same concept; and efficient in terms of resource spending. 
It is possible to identify a number of elements that can characterize this process, e.g. participants, 
information and media, also, is possible to recognize the different modes or types of communi-
cation-interaction, e.g., face to face, synchronous, asynchronous or distributed. (Noruega-García, 
2009), (Sosa, Velázquez, Zarco, & Postiglioni, 2006), (Ortega & Bravo, 2001). In a groupware 
system the computer or mobile device acts as a means for transmitting information. According to 
Dix et al., (2004) good communication is not enough, participants must be able to cooperate and 
collaborate in activities and tasks of the working group.

• Coordination: Is the action to ensure that team is working together efficiently to achieve the 
workgroup´s goals. This includes distribution of tasks and review of its implementation. 
Coordination is seen as an activity in itself to be a necessary process when several people are 
involved in the same task. The effectiveness of communication and collaboration depends on co-
ordination, i.e., the organization, planning and synchronization of workgroup activities (Noruega-
García, 2009), (Geronimo-Castillo & Canseco, 2002).

• Collaboration: It is the intentional and coordinated participation of group-members. Collaboration 
refers to several people can work together on the same task to achieve a certain common purpose, 
i.e., the collaboration consist in to work together to achieve the group’s goals. In a collaborative 
situation, the group-members seek to obtain results that derive in benefits for themselves and for 
other group members (Noruega-García, 2009), (Sosa, et al., 2006) (Ortega & Bravo, 2001).

BACKGROUND

Interactive technologies require several design considerations in order to provide an adequate user ex-
perience, most of them should be applied early during the design process. Groupware applications are 
not estrange to said assumption, in fact group-interaction context demands particular attention in design 
issues that should be tackled to ensure proper communication/interaction users-application-users.

According to above it is important to keeping in mind important concepts, paradigms, and strategies 
throughout the design process addressed to cover the main needs, tasks, and values from users by the 
design itself. Some of said insights and approaches were implemented for this research work and are 
following described.

Human-Computer Interaction

Broadly speaking, Human-Computer Interaction (HCI) is the part of Computer Sciences that provide 
specific techniques; methods; methodologies; and paradigms oriented to adequately perform the design, 
implementation, and evaluation of User Interfaces (UI) for both hardware and software technologies 
(SigChi, 1982; Carroll, 2002, Preece et al., 1994). HCI encompass an interdisciplinary approach inte-
grating theories; paradigms; techniques; and concepts from knowledge areas such as Architecture; Art; 
Graphic Design; Industrial Design; Anthropology; Psychology; among others. This blend of knowledge 
makes HCI approaches applicable in a wide range of scenarios where well-designed technology for us-
ers is needed (Dix et al., 2003). Similarly, in (Preece et al., 1994) is emphasized that HCI pursuit the 
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good design of systems (computer or not) which support and help people to complete their activities 
and tasks efficiently. In the same way, (Carroll, 2002) stated that HCI observes the study and practice 
of usability and relates with the understanding and development of technology that people would want 
to use, would may be capable to use, and would get effectiveness when use it.

The prestigious research group ACM-SigChi provides a definition for HCI specifically applied for 
computer development stating that HCI deal with every aspect related to the interaction between one or 
more humans and one or more computers using a program-interface. Said concept has been referred for 
more than 20 years and remains effective (SigChi, 1982).

These vantage-points reveal the importance of analyze and understand users as a crucial element 
during the design process of technology considering usage conditions required for users and capabili-
ties constrains that could emerge during technology use. Concerns about incorporation of users through 
the design process represent the research focus of User Centered Design (UCD). UCD, is probably the 
more beneficial HCI paradigm for software development. UCD could be perceived as the basis for other 
important theory, the Usability Engineering (Lowdermilk, 2013; Nielsen & Budiu, 2012).

HCI and UCD relevance are even reflected in a part of ISO standards, specifically the norm ISO 
13407 (Human-centered design processes for interactive systems). ISO 13407 guide interactive-systems 
development through a user-centered framework which can be adapted to several development life-cycles. 
This framework foster the application of proper techniques to design and evaluate technology for people. 
User-Centered development for interactive systems has the following basic stages:

1.  Needs Analysis: This stage summarizes the purpose of the interactive system that is developing. 
Here is also defined the target audience for the system including those benefits achieved by the 
system use.

2.  Users and Tasks Analysis: Here the particular audience characteristics are defined including 
age-range; education; experience with computers/systems; among other generals. When users are 
defined their specific tasks could be identified paying particular attention to their objectives and 
related activities to achieve them.

3.  Functional Analysis: Here computer functionalities are realized bearing in mind the users’ needs 
and keeping correspondence between computer functions and users tasks/activities.

4.  Requirements Analysis: In this stage are described formal Software Engineering specifications 
for the interactive-system implementation. Said specifications include data dictionary; Entity-
Relationship diagrams; Use-Cases; among others. It is crucial to maintain a strict observance of 
users’ needs.

5.  Design: Here could be provided some insights about the appearance of the user interface (UI) 
taking into account the results of previous stages. The sketches should reflect also an adequate 
organization of the content and information which must be showed with clarity and consistency. 
This stage allow to obtain the perception of users about the UI design.

6.  Prototyping: Using feedback obtained by means of Design stage, it is possible to generate some 
global prototypes (Those useful to show the entire interactive system), and local prototypes (Those 
focused on specific modules of the interactive system). There are different kinds of prototypes 
including evolutive (Could be evolve to the final version of the interactive system); discardable 
(Provides guidance embodying an idea during a particular stage of the design process); high-fidelity 
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(Very close to the final version of the interactive system appearance); and low-fidelity (Similar to 
sketches from the design stage).

7.  Implementation: UI designed and developed is implemented.
8.  Evaluation: UI is analyzed by performing usability tests, e.g. Show the interface to a group of users 

and (by means of HCI techniques and tools) obtain its perception about their interactive experience.

Agreeing with (Lowdermilk, 2013), user-centered systems development do not be focused in data 
or widgets, but should be concerned in incorporate users throughout the design process. Said thought 
has been emphasized for over 20 years. Terry Winogard, HCI pioneer, states that developers should be 
focused in interaction among humans that occurs through computers, before starting any development 
(Winogard, 1994). This aspects suggests that HCI is accomplished into a social-organizational context. 
Different kinds of applications are required for different purposes, this scenario demands special attention 
in assignment tasks between humans and computers, being ensured that repetitive activities are assigned 
to computers; and creative activities correspond to users.

User eXperience (UX)

UX is a concept strongly related to UCD since involves all those interaction aspects between people and 
technology, its services, and its products. Don Norman and Jakob Nielsen, HCI and UX gurus, empha-
size that an adequate UX consists understand the particular users’ needs, which must be covered by the 
use of technology. Technology must avoid integrate excessive elements/features that could annoy users, 
designs must be simple and elegant, fostering enjoyment for users (Nielsen & Norman, 2014). In the 
same way, (Nielsen & Norman, 2014) considered that true UX goes beyond to provide users with they 
want, or provide them a features checklist; to achieve a high quality UX in products (technological or not) 
from a company, products and services must truly help people to adequately accomplish specific tasks.

Since technology must be adequate for people, an important concept has been mentioned in previ-
ous sections, usability. According to standard ISO 9241-11, usability represents the measure in that a 
product can be used by particular users to achieve specific objectives with effectiveness, efficiency, and 
satisfaction into a specific context.

Jakob Nielsen (considered the main contributor in usability worldwide) states that is very important 
differentiate UX from usability emphasizing that last one currently refers just to a quality attribute for 
user interfaces which, although is crucial, is just a piece from the entire puzzle for an adequate UX.

UX comprises all those elements related to the way on that people use an interactive product, a 
service, or an event, analyzing aspects such as: how they feel it in their hands; how they understand the 
utility of it; how they perceive it during use; how it helps them to their purposes; and how it fits in the 
whole use-context (Harston & Pyla, 2012).

UX leads to adequate functions and interaction flows emphasizing the good design idea, which consist 
in jointly understanding the whole set of senses involved in the users’ perception about the interaction 
with some product and/or service (Harston & Pyla, 2012; Marsh, 2016).

Users’ perception is usually influenced by previous and current experiences generating new experi-
ences and modifying expectative. Therefore, the internal state of people impacts directly to their user 
experience (Norman, 2013).
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Needfindings

Needfindings is a process that makes easier the design-context understanding for a particular technology. 
This process starts with “Audience Definition” phase which basically consist in analyzing tasks; activi-
ties; and needs of users. This feedback allows designer perceive the design problem from the vantage 
point of users expanding the solution-space and represents a reliable starting point for innovation since 
designers could generate insights that could be difficult to realize in other way (Dow et al., 2013).

Needfindings process lean upon specific techniques to properly define audience and contextualize 
the design idea all based on particular users´ needs, goals, activities, and values.

Needfindings is a flexible technique since it allows varying the process’ tasks, e.g. the following tasks/
stages are usually considered but not limited: Recruiting participants; Observation; Interview; Focus 
Group; Prototyping. Particularly, said stages were implemented in this research.

MAIN FOCUS OF THE CHAPTER

Issues, Controversies, Problems

It is crucial for working groups to encourage and maintain a good communication process among their 
members since the achievement of their particular group-goals depend on communication. This is not 
an easy enterprise, group-communications are complex and several variables interfere into the process 
having direct consequences in the working group ecology (Hall et al., 2015; Macias, 2003). This sce-
nario is frequently seen into educational support groups, which are external working groups that help 
integration of children with special needs in primary schools.

Several technologies –such as email; social networks; meeting applications; wikis; among others– had 
been used for educational working groups trying to makes easier the distance-communication process 
and collaboration. Nevertheless, these alternatives working apart (Gräther, et al., 2014). One of the most 
known approaches in providing a compound of said tools is called groupware. This concept emerged 
in the 80’s and emphasize the communication; collaboration; and cooperation among group members 
through an application that supports distance-interactions between group members (Sagar, 2012). Even 
if does not exist a standard definition for groupware applications several authors agree that a groupware 
system could be perceived as a set of specific technologies which allows groups to perform common 
task over a shared environment (Jeners & Prinz, 2014).

Groupware solved the separate-technologies issue; however, most of the times this is not enough since 
the original group communication complexity remains (Morabito, 2014). There are many pieces in the 
puzzle that should be harmonically integrated considering at least the following inspired by (Fechner, 
et al., 2015; Hall et al., 2015; Prates et al., 2015; Knowles et al., 2015):

1.  Users should not perceive interactions on groupware just like simple user-system interactions. In 
other words, groupware interfaces should provide transparency allowing user-to-user interactions.

2.  Environments of groupware should accord to activities, tasks, usage, and behavior from a particular 
working group.
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Above second item could awake certain controversies; it is well known that each working group has 
their own features and manners, but also it is true that common group-communication issues had been 
identified (Wilson, 2007). In this vein, said discrepancy should be clarified.

SOLUTIONS AND RECOMMENDATIONS

As mentioned above, we implemented a Needfindings process considering the following stages: Re-
cruiting participants; Observation; Interview; Focus Group; Prototyping. In this section we describe the 
implementation of every stage directly on a study case, which is used as an illustrative example and a 
proof of concept.

To investigate the contextual issues was conducted a case study and selected as study scenario the 
“Unit of Support Services for Regular Education “(USAER, for its Spanish acronym), which is focused 
in promoting integration of children with special educational needs to school in early education schools 
and regular basic education (SEP, 2006); Three support groups participated in different stages of the 
process, USAER Maria Montessori (#94), USAER Diego Tenamaxtli (#60), and USAER Gabriela Mistral 
(# 75), the first located in Tlachichila, and the last two in Nochistlán de Mejía, in the southeastern of 
Zacatecas state, Mexico. A total of 20 professional «real users» of the areas of Communication, Psychol-
ogy, Regular Education, Special Education, Social Work and Specialist of the three USAER participated 
in the case study, also participated six experts in disciplines of Design, Usability, Human-Computer 
Interaction (HCI) and User-Centered Design (UCD). In the first four stages of the process participated 
11 members of USAER#94 and in the final stage Conceptual Evaluation attended the USAER#60 and 
USAER#75 with 9 members.

Stage 1. User Requirements: It refers to the user needs and it is the most important part of the design 
process, i.e., in this stage are established the foundation for the rest process and the working group 
needs are documented. Without an adequate requirements definition, it is impossible to continue 
on the right way in the definition and documentation of user requirements. The collection process 
requirements demand take the abstract requirements into useful needs.

The questions associated with the stage were: How perform the work individually and collectively 
the group members?, What technologies are currently used to meet your needs? and What are the pros 
and cons of used technological services?. To collect user requirements were performed unstructured 
interviews (individual needs) and focus groups (group needs) through the technique of brainstorming. 
Additionally, using the technic «experience sampling» the group of technical experts monitored the 
process of defining user requirements. Table 1 shows the User Requirements UR(1-21) and Members 
M(1-11) of USAER#94 who requested the requirements.

As shown in Table 1, in this stage 11 members of the USAER#94 participated, which determined 21 
user requirements for the design of a groupware application that will help them to communicate, col-
laborate and develop activities-task individual and collective, and at the same time allowed to achieve 
the group’s goals.

Stage 2. Functional Requirements: It means to the applications needs, i.e., technical specifications 
of the application. This stage is performed by the «technical experts» group. It is worth mention-
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ing at this point that a user requirement can lead to several functional requirements. The question 
associated with this stage was: How could meet user needs to achieve the group’s goals through a 
groupware application?

In this stage the functional requirements are classified according to the characteristics of the Specific 
Functions of Groupware (GSF). Table 2 shows the list of functional requirements classified and the user 
requirement which satisfy.

Stage 3. Process Flows and Users Scenarios: It allows take into account the necessary steps for that 
a user or user-group complete a task. In this stage the design of the flows allowed to visualize the 
interactions between members of the working group and define the flow of communication, coor-
dination and collaboration necessaries to perform an activity or task and meet the group objectives. 
In this stage were identified three principal actors and their information flows.

Table 1. User requirements «USAER#93»

UR Requirement M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11

UR1 The application must include a space that 
keeps informed to the members group.

✓ ✓ ✓ ✓

UR2 Space to store different types of 
documents.

✓ ✓ ✓ ✓ ✓ ✓

UR3 Notifications about the application 
activity.

✓

UR4 Section that allows direct communication 
through chat.

✓ ✓ ✓

UR5 Access to shared information. ✓ ✓ ✓ ✓ ✓

UR6 Videoconferencing. ✓ ✓ ✓ ✓

UR7 Notification of read message. ✓

UR8 User profile. ✓ ✓ ✓

UR9 Organization of shared information. ✓ ✓ ✓

UR10 Register of access to page. ✓

UR11 Notification of change in shared 
documents.

✓ ✓

UR12 Delivery Notification of documents 
according to established schedule.

✓ ✓

UR13 Forum. ✓ ✓

UR14 Search bottom. ✓ ✓

UR15 Collaborative document. ✓ ✓ ✓

UR16 Multiple edition. ✓ ✓ ✓

UR17 Notes section. ✓

UR18 Schedule. ✓ ✓

UR19 Application access ✓ ✓

UR20 Color notifications ✓

UR21 User registration ✓
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Table 2. Functional requirements classified according to Specific Functions of Groupware

Specific 
Function of 
Groupware

Functional Requirements Accomplish 
with the User 
Requirement

Communication The application displays information or relevant events to the working group. UR1

It allows group members receive notifications about important events, such as publications in the 
news section, among others.

UR3 
UR11

It allows 1:1 communication between two group members through text messages. UR4

It allows 1:N communication between group members through text messages. UR4

It displays users who are online, away, busy or disconnected in the chat. UR4

It allows display if a message sent through the chat was read by receiver through a symbol or 
color.

UR 
UR7

It allows 1:1 communication between group members through video or audio conference. UR6

It allows 1:N communication between group members through video or audio conference. UR6

It allows send text messages, voice or video to members not connected in the application. UR7

Sign up in the application through the request of demographic data. UR8 
UR21

It displays user registration information (user profile). UR8

It allows identify the user name that stored documents in the repository. UR9

It allows identify in a notification the user who perform an action on the platform (e.g., share a 
file) and it is sent automatically to other group members.

UR12

It allows searching shared documents. UR14

It allows access to the platform through a username and password. UR19

Coordination It displays the date and time of access to application UR4 
UR10

Sets different types of users, e.g. moderator, member group, guess, among others. UR8

It allows organizing the repository documents (e.g., areas, tasks, activities, among others). UR9

Keeps users informed about document delivery according to schedule established by the working 
group or the group moderator.

UR12

It allows multiple editing in a collaborative document. UR16

Sets a specific identifier for each group member (e.g., color), in order to differentiate 
modifications/edits in a collaborative document.

UR16

It allows taking text or audio notes during a conversation 1: 1, 1: N through voice or video 
conferencing.

UR17

It allows scheduling meetings and important events for the workgroup. UR18

It allows classifying the importance level in sending notifications (e.g. normal, important, urgent) UR20

Collaboration It allows create and edit important events for group members. UR1

It allows access, store, view, and download documents from repository of shared objects. UR2 
UR5

It allows establishing security filters on shared documents, limiting aspects such as access, 
viewing, editing, among others.

UR5

It allows storing data (e.g., text, video and voice) in the 1:1, 1:N communications. UR6

It allows group members write questions, suggestions and/or recommendations. UR13

It allows create collaborative documents (collaboration between members in a shared space). UR15
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• Actor 1. Classroom Teacher (Teacher of a Regular School).
 ◦ The information flow between the classroom teacher and the member’s family.

 ▪ The main activity of the classroom teacher is to identify the students with educational 
special needs, and then communicate this to his parents.

 ▪ Provide information about the educational student progress and collaborate with the 
special activities and tasks planned for the special educational student.

 ◦ The information flow between the classroom teacher and the support group.
 ▪ Conduct the identified student to the support group.
 ▪ Collaborate in the special activities and tasks planned to the special educational student

• Actor 2. Family (Father/Mother (Student With Special Educational Needs)).
 ◦ The information flow between the member’s family and the support group.

 ▪ Authorize the attention of the support group to the student with educational special 
needs.

 ▪ Collaborate in the special activities and tasks planned to the special educational student
• Actor 3. Support Group (USAER).

 ◦ The information flow between the support group and the classroom teacher.
 ▪ Organize, plan and coordinate the educational activities and tasks for the student with 

special educational needs.
 ◦ The information flow between the support group and the family.

Provide information about initial evaluation considering the point of view of the specialist in 
Communication, Psychologist and Social Work.

Provide continuous information about the educational student progress.
Stage 4. Prototyping: Through design prototypes it is possible answer the question, How can users know 

what is trying to design if they cannot see?. With the participation of the members (USAER#94) 
were designed “paper prototypes” which allow transfer the functional requirements into something 
tangible, this allowed participants to initially display the graphical user interface of the application 
(see Figure 3a and 3c). Later, the group designed “low-fidelity” prototypes (Figure 3b and 3d). 
Figure 3 shows some user interface paper/low-fidelity prototypes

Stage 5. Conceptual Evaluation: In this stage were presented to the 9 members of the USAER#60 and 
USAER75 the low-fidelity prototypes made by participants of USAER#94 in the first four stages 
of the process, additionally, there were provided with a list of the next 24 design patterns to make 
the evaluation proposed by Luna et al., (2014.), see Table 3.

The process used to conduct the evaluation is described next:

1.  Description: The low-fidelity prototypes were evaluated from the perspective of «user experience» 
in order to identify problems in the user interfaces and get feedback from expert users, also ensure 
the relevance of simulated interactions through the low-fidelity prototypes for the development 
of individual and collective activities of group members, furthermore the usability degree of the 
application.

2.  Participants: In the evaluation participated six research professors with international recognition in 
usability, human-computer interaction and user-centered design, also the second group participated 
«9 professional expert users» of the USAER#60 and USAER#75 who did not participated in the 
first 4 stages.
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3.  Procedure: The process to conduct the evaluation consists of the next three phases:
a.  Phase 1. Training: In this phase the evaluators explained to the expert users the purpose of 

the study and were provided with the formats «general information, list of design patterns, 
scenarios-tasks-subtasks, severity rating and problem description»; it is important to note 
that these formats are based on proposals of evaluations by Klemmer (2014) and usability by 
Nielsen (1993:2013).

b.  Phase 2. Evaluation: Expert users individually evaluated the low-fidelity prototypes using 
the design patterns of Table 3.

The feedback helped to determinate the usefulness and usability of the digital mockup in the devel-
opment of working groups’ activities, this feedback was complemented by a session of final comments 
between the group of evaluators and research team.

The 11 tasks and 35 subtasks that experts’ users completed during the evaluation process are described 
below. The evaluators asked participants to simulate the tasks on the low-fidelity prototype, necessaries 
to perform the activities in a working group.

1.  Register in the application:
a.  Register to use the application.

2.  Application access:
a.  Access to the application.

Figure 3. Low-fidelity prototypes construction by participants
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3.  User profile:
a.  Locate the option to edit the user profile.

4.  Communicate through text messaging:
a.  Send a text message to all group members through chat application.
b.  Send a text message to only one group member.
c.  Send a text message to a group member with status “not connected”.
d.  Click on forum menu.
e.  Create a comment in the forum.
f.  Read a comment in the forum.

5.  Identify elements in the interface (interpreting chat interface):
a.  Identify elements in the chat window to provide some kind of feedback that lets users know 

who is writing (this allows you to switch the turn to write-reply to a text message during a 
conversation).

Table 3. Conceptual evaluation based on groupware

Specific Function of Groupware Design Pattern

Communication Participation request

Participation offer

Participation absence

Participation silent

Environment conditioning

Encouraging conditioning

Encouraging feedback

Communication status notification

Coordination System access

Member profile

Member role

List of members

Task management

Activity request

Activity selection

Direct assignment of activity

Activity delegation

Mediate the participation

Information exchange

Recording information

Notification of activity status

Notification of participation status

Collaboration Complementary collaboration tools

Notification of collaboration status

Source: Luna et al., 2014
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b.  Identify the elements that create and save a personal text note or audio.
6.  Communicate using videoconferencing:

a.  Activate camera (moderator role)
b.  Access to a videoconferencing (member role).
c.  Send request (moderator role) to other group members and add them to a videoconference.
d.  Maximize the view of the group members connected in videoconferencing.
e.  Click on the button «participation request».

7.  Identify elements in the interface (interpret videoconferencing interface):
a.  Identify the user who requested to speech (raise the hand gesture).
b.  Identify the interface item that displays the participation status of each group member.
c.  Identify the item in the interface that allows moderator disable all the microphones group 

members (action silent).
d.  Identify the interface item that displays the remaining time about the participation of a par-

ticular group member.
e.  Identify the interface element that displays the group member whose turn in speaking.
f.  Click on the button «record» videoconference.

8.  Share information:
a.  Click on the «repository» menu.
b.  Identify the button «add» document.
c.  Identify and access to the personal storage area in repository.
d.  Access to «restricted» folder in the personal area.

9.  Shared document (interpret shared interface):
a.  Click on the «collaborating» menu.
b.  Activate the option «shared document» in the drop-down menu.
c.  Identify interface elements that let you show the collaboration between group members.
d.  Maximize the shared «blackboard».

10.  Project Management:
a.  Click on the «coordinate» menu.
b.  Create a new project and assign members.
c.  Create an activity and assign responsible.
d.  Access to the project status.

11.  Application Exit:
a.  Exit the application.

The evaluation identifies several simple interface usability problems. However, there are problems 
that require urgent attention, from the perception of the user experience the results were as follows:

• Member role, clarify the function or role of each member in a meeting according to the USAER 
role.

• Activity delegation, provide additional mechanisms to delegate an activity according to the role 
of each member.

• Information exchange, improve the repository interface to avoid problems of interpretation in its 
items.
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• Notification of Collaboration status, improve the interactive feedback provided and apply it in all 
the interfaces.

• Activity request, improve the «interaction cost» during the request process activity.

After implementation tasks and subtasks, it should be noted that the 9 evaluators completed in its 
whole the tasks and subtasks scheduled.

FUTURE RESEARCH DIRECTIONS

Improve the prototype based on obtained feedback after the study; conduct a longitudinal usability study 
with other working groups in order to compare results; develop a software application based on the 
digital mockup and finally construct a strategy that allows the design of web and mobile applications to 
support the working group activities.

CONCLUSION

In this chapter were identified several contextual issues which should be considered in order to achieve 
a basic but well-designed user interfaces for groupware applications. Said aspects were addressed from 
two perspectives: the users’ interactive requirements; and the functional requirements to support users’ 
interactions.

The feedback and insights provided by participants (20 active members of a Mexican federal educa-
tional-support group called USAER) allow to match design-interaction to their daily activities related 
to communication with others and resources access.

Our findings suggested that even if the study was performed in an educational scenario, several ac-
tivities and interactions could be considered as general since group communication principles matched 
with participants’ perception. In this vein, results could help designers to achieve adequate interfaces 
for groupware in many scenarios providing a good starting-point for that reason.
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KEY TERMS AND DEFINITIONS

Good Design: Good design in products, services, or events allow people to achieve those things that 
are important for them, achieve their goals and values, and eventually get happiness.

Group Communication: It refers to the interaction between group members and it is the most important 
function of a group, since it is the process in which messages are exchanged and information is shared.

Groupware: A set of technologies integrated into a system that allows work groups to perform a 
common task using a shared environment.

Low-Fidelity Prototype: A prototype that is sketchy and incomplete, that has some characteristics 
of the target product but is otherwise simple, usually in order to quickly produce the prototype and test 
broad concepts.

Usability Testing: Usability testing refers to evaluating a product or service by testing it with rep-
resentative users. Typically, during a test, participants will try to complete typical tasks while observ-
ers watch, listen and takes notes. The goal is to identify any usability problems, collect qualitative and 
quantitative data and determine the participant’s satisfaction with the product (usability.gov).

USAER: Unit of Support Services for Regular Education, USAER» the purpose of this support 
group is to promote the integration of children with special educational needs to school in early educa-
tion schools and regular basic education.

User Centered Design: Is an interactive methodology of software development, whose character-
istic is ensure the usability of the software to be developed, placing the user at the center of the design 
process, and software development, from the initial concept to the final design.
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ABSTRACT

In this chapter, an exploratory research on people’s interaction with a virtual environment as tool in 
a way in which listening comprehension occurs while improving English as a second language is ad-
dressed. Unlike technologies such as virtual environments, where users have to use hardware in order 
to get immersed inside of a fictional world, it is through holographic technologies that it is possible to 
extract virtuality and insert it into reality, and thus, have an approach to the real nature of the virtual 
world without using electronic devices. Why is it important to focus on the ability of listening to under-
stand when people want to acquire English as a second language? What are the strategies that must be 
employed to improve this ability? What kind of advantages may users achieve through their interaction 
with holography? These are some of the questions that will to be answered in this chapter.
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INTRODUCTION

Be proficient in English language provides access to a great library of ideas, scientific and technical 
resources in that language. Likewise, Richards (2008) mentions that English is the language of human 
communication that it is holding a growing demand in the incorporation of effective mechanisms to 
assist in its learning. According to experts, for non-native English speakers, mastering this language 
brings access to quality studies, especially abroad. English language proficiency offers more and bet-
ter opportunities, not only in education but also in the workplace (Heredia & Chacón, 2015). English 
fluency empowers people, allowing them to make demands, to publicize achievements not only in their 
context but also in a globally, among others. In Latin American countries, overcome difficulties of 
learning English, it is a task with great personal, educational and social consequences. For example, in 
the case of Mexico, despite being the neighbor of the United States, Mexican people have low English 
level (Calderón, 2015). According to data produced by the results of the human capital in Mexico survey 
in 2008, the Center for Development Research (CIDAC, in Spanish) reported that 35% of respondents 
say they only have minimum English knowledge, while only 2% say master the language at a high level 
(Heredia, & Rubio, 2015).

In the struggle for trying to improve English skills as a second language, in recent decades, several 
researchers have tried to use different techniques and technological tools to support different educational 
practices. Examples ranging from “simple” technology as audiotapes, to more flamboyant technologies 
such as 3D virtual environments. However, the mere fact of integrating a technological tool to enhance 
different or several English skills, is nor efficient neither effective by itself. On the one hand, the selected 
technological tool needs to be accompanied by an instructional design, which in turn contains the neces-
sary teaching strategies according to student needs in a certain context; and on the other hand, it should 
not represent a shock or a sudden change for the learner at the time to interact with it.

Therefore, as an exploratory study, in this book chapter we present the holographic technology as a 
mean of interaction to improve the listening ability named “listening to understand” on the acquisition of 
English as a second language. The chapter begins with a background, where results of different instru-
ments applied in order to know English level reached by Mexicans are presented; as well as research 
projects that propose the use of several technological tools used as an educational support in order to 
improve English skills of different users or learners in particular contexts. After the above, there is a 
subsection that explains what does interaction mean, and then emphasize its importance as a means of 
communication between the learner and the technology used as educational tool support. Following 
the background, a section which defines listening, and listening to understand in a second language is 
presented. In this same section we argue about choosing the right strategies for effective improvement 
in the listening ability of the learner. After that, a set of references is shown in order to demonstrate that 
technologies by themselves do not represent an improvement, and that there are certain parameters that 
must be defined to choose the right technology for solving the problem that it is faced. Likewise, we 
introduce the context as one of the main variables to take into account in order to get good interactions; 
we explain the need of knowing the environment in which the learner is involve, as well as her experi-
ences and knowledge of the world. On the next subsection, we argue about the opportunity to improve 
listening to understand ability by certain types of technologies and effective strategies, given way to the 
solution and recommendations section where holographic technology is proposed as a mean of interac-
tion in order to improve the ability mention before. Finally, we present conclusions and future work.
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BACKGROUND

English as a Second Language in Mexico

According to Heredia & Rubio (2015), for Mexicans, to count with English skills is imperative. Nowa-
days, Mexico is paying high costs for the lack of a national policy on teaching and learning English as a 
second language, because, in terms of public offering, for most of the students is very difficult to have 
access to an education where learning English through a quality program is included. In this sense, one 
of the main problems of the Mexican education system is that it does not have instruments or measures 
on the knowledge and use of English as a second language, and for that reason, it is impossible to have 
a reliable assessment.

Based on an official document of the Mexican Secretariat of Public Education (2008; 2015) concern-
ing the teaching English language practices at basic level, both primary and secondary education, they 
can be identified: reading aloud, translation, vocabulary lists, and choral repetition, among other activi-
ties. Wrongly and with no success, Mexican education system expects that with these kind of exercises, 
Mexican students can achieve mastery of a foreign language.

Furthermore, in 2013 a survey applied by Consulta Mitofsky, a company that conducts periodic 
surveys of public opinion, reported that only 12% of Mexicans say speak English. The survey highlights 
that only 14.5% of the urban population declares speak English, while in rural communities this occurs 
in 2.4% of people. In northern Mexico, the survey shows that only one of each five says that speak and 
understand English very well, while to the south of the country the result was one out of twenty five.

Likewise, Mexicanos Primero (2014), a citizens’ initiative, reports through the EF English Profi-
ciency Index that Mexico is at “low level”, standing at 39th position of the 63 countries evaluated for 
the 2014 edition.

Meanwhile, according to the results regarding performance after applying the TOEFL iBT in order to 
measure the ability to use and understand English as a second language at the university level, Mexico 
nationwide averaged 86 on a scale of 0 to 120 points between January and December 2014. This inter-
national assessment instrument evaluates how well people combines listening, reading, speaking, and 
writing skills in order to performance academic tasks, and each skill has a score range. The average per 
skill are: 23 points for listening skills, 22 points for oral skills, 21 points for reading skills, and 21 points 
for writing skills (ETS, 2015). However, while this average is acceptable to accomplish requirements for 
entry to secondary schools, language schools, programs four-year degree, and graduate programs; for 
immigration purposes or for employment schools where the language predominant is English, require-
ments are higher. According to the Central Intelligence Agency (CIA), it is estimated that only 0.8% of 
the total population fulfill all requirements to qualify with a score equal to or greater than 80 points in 
the TOEFL iBT.

In short, there are two types of operating problems in Mexico affect and hinder the acquisition of 
English as a second language. The first belongs to the public education system, which does not have a 
standardized instrument to assess which is the state in English as a second language of students attend-
ing any level of public and private education. Consequently, it is not possible to undertake efficiently 
and effectively, specific strategies in order to improve student skills regard to the acquisition of such 
language, without frustrating or hinder such process.
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The Use of Technologies to Support English Learning

Nowadays, within educational practices that addresses the teaching and learning of English as a second 
language, it is common to incorporate different technology as a support tools. These technologies range 
from audio recordings, to the use of virtual environments.

Among the most popular examples it can be mentioned video games for educational purposes. At 
present, the use of video games for learning English language is common (Sørensen & Meyer, 2007; 
Anderson, Reynolds, Yeh, & Huang, 2008; Rankin, McNeal, Shute, & Gooch, 2008; Kuwada, 2010). 
For example Anderson et al. (2008) state that video games are one of the favorite support tools used 
by teachers. Meanwhile, Marsh (2011) explains that the use of these technologies is motivational and 
attractive to students.

On the other hand, there are also a lot of researches about the use of virtual environments to improve 
different skills when acquiring English as a second language (Lin, Shih, & Yang, 2005; Mayrath, Trap-
hagan, Heikes, & Trivedi, 2007; Jiang, Liu, & Chen, 2010; Rashed, Lyons, & Bae, 2010; Popovici, 2011; 
Chung, 2012). De Freitas (2008) defines a virtual environment as an online, persistent, and interactive 
environment accessible by many users simultaneously. According to Ellis (1991), a virtual environment 
is defined as an interactive screen display in which images are enriched by special processing, which 
also involved non-visual elements such as audio and haptic, mixed to convince the user that she is im-
mersed in a synthetic space. Some examples are the research project of Alcaraz-Valencia (2008) which 
used Second Life and Dive with students from high schools in order to improve their listening skills. 
Another example is the work of Pinto-Llorente, Sanchez-Gomez, & Garcia-Peñalvo (2015) who, through 
the creation of a virtual learning environment, improved English pronunciation of users.

Another popular tool is the multimedia software with educational purposes. In this sense, there is 
also a large repertoire of research and projects aiming to improve the acquisition of English as a second 
language through this kind of tool (Wickremaratne, Wimalaratne, & Goonetilleke, 2008; Tick, 2009; 
Alabbad, 2011; Reis, & Escudeiro, 2011; Chen, Chen, Chen, & Ku, 2015). One example of the use of 
multimedia software is the work of Khan (2014), who uses a software called Mongol Dip that helps 
people with visual impairments to operate windows operating system for computational tasks, and that 
provides an usable interface for impaired people in order to read out the contents of the document not only 
in the Bengali language but also in English, helping them to translate and learn vocabulary or sentences.

Digital stories are also a very popular tool used by teachers. For example, Verdugo, & Belmonte 
(2007) explain that, through and Internet/based technology, they created digital stories for Spaniards 
first graders, improving their English listening comprehension skills.

Interaction and Forms of Interaction

Although the word interaction is widely used, one of the major difficulties is that not all authors have an 
agreement about its definition; even though, there are important works that share similar definition of 
interaction. Simpson & Galbo (1986) explain that interactions are all kind of behavior in which people 
act upon each other. Wagner (1994) defines interaction as a reciprocal event that requires at least two 
objects and actions; this author adds that interaction occurs when these objects and events reciprocally 
influence each other. More recently, according to Dubberly, Haque, & Pangaro (2009) interaction is a 
way of framing the relationship between people and objects that were designed for them. All objects 
that were made for people and by people offer the possibility for interaction, and all design activities 
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can be viewed as design for interaction. This remark, as it works for objects, it is also works for systems, 
message, among others. Meanwhile, Edmonds (2007) explains that interaction is not material, but ex-
perienced, perceived, understood, that nobody can touch, and for those reasons, to accomplish a “good” 
interaction it is really difficult.

In a LinkedIn forum, Rick Blunt affirms that to focus on the type of interactions that it needs to de-
sign, it needs to understand what it is trying to accomplish. In order to do that, he argues that Bloom’s 
taxonomy should been taking into account. Bloom’s taxonomy is hierarchical (from bottom to top), 
ordered in terms of increasing complexity of learning, and consists of the categories: creating, evaluat-
ing, analyzing, applying, understanding, and remembering (Blunt, 2014).

In the case of educational purposes there are instructional interactions and performance interactions. 
According to Wagner (1994) an instructional interaction is an event that occurs between a learner and a 
learner’s environment. The purpose of an instructional interaction is that learners change their behavior 
toward an educational goal through some environment; this implies that instructional interaction is ef-
fective only when the learner modifies her behavior. Blunt (2014) adds that instructional are not just 
about to know, but to get ready in order to do something. Meanwhile this same author states that, un-
like instructional interactions, performance interactions focus on doing, this means that, a performance 
interaction is effective only when the learner improve or modify some skill or ability.

TOWARDS IMPROVING LISTENING TO UNDERSTAND IN THE 
ADQUISITION OF ENGLISH AS A SECOND LANGUAGE

In order to improve listening comprehension as a part of English language acquisition by Mexican students 
there are a set of elements that must been taking into account: the state of the student, the context, the 
strategies, and the technology. In this section, we argue about the use of wrong and effective strategies 
in order to improve listening ability; we also explain the implications of not choosing the right technol-
ogy as an educational support tool; and finally, we discuss about the need of knowing the context and 
experiences of the learner.

Listening Ability and the Use of Strategies

Although all the problems, that must be solved, regarding the acquisition of English as a second language 
in Mexico, Saricoban (1999) believes that listening is the ability that needs more attention and care, 
because it is from such skill that it makes possible the development of reading, speaking and writing. 
In this sense, Morley (1991) mentions that although the listening ability is seen as a critical element in 
the communication process and acquisition of a new language, its status still remains as one of the most 
difficult skill to acquire when people learn any language.

Rivers (1981) explains that listening is the skill that is most used. For example, it is used about twice 
or more than speaking, and from four to five times more that reading and writing. Therefore listening 
becomes an important element of learning a foreign language, as it helps the student to exhibit or not, the 
domain of the acquired language. Nevertheless, Burley-Allen (1989) mentions that the emphasis in the 
classroom about how the language is used, depends on the time of implementation. On average, students 
develop writing for twelve years, six to eight years for reading skills, one to two years for speaking, and 
for listening skills from zero to a midyear.
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After a systematic review of definitions of listening in the process of English learning, that can be 
seen in detail in Table 1, (Pearson, 1983; Lund, 1990; Rubin, 1995; Goh, 1997; Rost, 2002; Goh, 2002; 
Vandergrift, 1999; Richards, & Schmidt, 2002), it concludes that listening is a process of interpreta-
tion, where the listener becomes an active entity that incorporates strategies to pay attention, facilitates, 
and evaluates not only what it receives through sound, but also relies on its ability to abstract in order 
to derive meaningful information from the preliminary messages available, and which in turns, it lies 
implicit in the environment and context in which the interlocutor interact.

Furthermore, listening involves implementing a set of sub mental processes that, according to 
O’Malley et al. (1989), and O’Malley & Chamot (1990), requires of a strategic recursive processing 
divided into three stages: (1) perception, (2) syntactic analysis, and (3) the implementation or use of the 
information received.

Rost (2005) mentions that the first stage of listening, consists in perceive, in a selective way, audi-
tory information received to be stored in short-term memory. This memory has low capacity for hold-
ing information, therefore is filled constantly given the frequency which new information comes to be 
abide to analysis. At this stage, it is common that problems arise for those learning English as a second 
language, due to the segmentation of words and the recognizing of them, because of: speed, accents and 
increased other detractors as background noise, which dissipates the attention of the listener. A strategy 
to distinguish a good or bad performance at this stage is to check if they do not discriminate linguistic 
characteristics perceived in the audio input.

Table 1. Definitions of listening in learning English as a second language

Author Definition Gagne Taxonomy

(Pearson, 1983:5) “Listening involves the simultaneous organization and combination of skills 
in Phonology, Syntax, Semantics, and knowledge of the text structure, all of 
which seem to be controlled by the cognitive process. Thus it can be said that 
though not fully realized, listening skill is essential in acquiring language 
proficiency”

(✓) Verbal information 
() Concept 
(✓) Rules 
() Problem solving 
() Cognitive strategy

Lund (1990) Listening is to select a strategy to understand an audio text by: doing, 
choosing, transferring, responding, considering, extending, duplicating and 
chatting.

() Verbal information 
(✓) Concept 
() Rules 
() Problem solving 
() Cognitive strategy

(Rubin, 1995:7) “Listening is conceived of as an active process in which listeners select and 
interpret information which comes from auditory and visual clues in order to 
define what is going on and what the speakers are trying to express”

() Verbal information 
(✓) Concept 
() Rules 
() Solución de problemas 
() Cognitive strategy

(Rost, 2002:24) “Listening is the mental process of constructing meaning from spoken input” () Verbal information 
() Concept 
() Rules 
(✓) Problem solving 
() Cognitive strategy

(Richards and Schmidt, 
2002: 52)

“Listening comprehension (is) the process of understanding speech in a 
first or second language. The study of listening comprehension in second 
language learning focuses on the role of individual linguistic units (e.g., 
phonemes, words, grammatical structures) as well as the role of the listener’s 
expectations, the situation and context, background knowledge and topic”

() Verbal information 
() Concept 
(✓) Rules 
() Problem solving 
() Cognitive strategy
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Vandergrift (2007) mentions that the second stage to listening is to perform parsing, where informa-
tion newcomer to the short-term memory is linked with information that was already processed and it 
is stored in long-term memory. The idea of this process is to create significant mental representations 
of gained information. At this stage, the listener does differentiate between an effective or non-effective 
syntactic processing, based on the amount of contextual information that can be analyzed such as words, 
messages, and phonology linguistic knowledge, syntax, and semantics.

Likewise, Rost (1990; 2005) mentions that the last step taken to listen, is to give usefulness to the 
newly processed information. An effective listener, structure the information holding in the long-term 
memory based on her prior knowledge, experiences, and knowledge about how the world works. The 
above through the mental representation of textual information perceived. In this last stage, the listener 
difference between a good or bad performance in accordance with the ability to outline the general 
knowledge of the subject matter, and then link it with the new acquired knowledge. The main idea of 
this final stage is to generate representations of the received information to transform it into meaningful 
knowledge, and not to knowledge susceptible to forget.

Likewise, both Serri, Boroujeni, & Hesabi (2012) and Rahimi (2012) identify three types of strategies 
used during the stages of listening to understand (perception, analysis and implementation): (1) socio 
affective strategies, which demand to clarify to the interlocutor when something was not understood and 
to read the emotions that appear in the conversation; (2) metacognitive strategies, which are the ones that 
organize and plan in order to assess the comprehension of the received text; and (3) cognitive strategies, 
which are based on an understanding of perspective approach, and refers to the way the information 
is understood, this can happen: as bottom-up way (joining words to find meaning), as top-down way 
(starting from a pre conceived idea to understand what is listening), or as interactive way (a mixture of 
the previous two approaches).

During the implementation of cognitive strategies (behaviors, techniques or actions), Lin (2000) 
mentions that the listener uses her personal knowledge and previous experiences about how the world 
works for: (1) to infer the speaker intention, (2) to generate assumptions about what will happen next, 
and (3) to verify these assumptions based on inference of relevant clues on the pronunciation of the 
speaker, and at the same time, non-verbal cues in the context of the conversation.

Table 2. Positive and negative strategies in order to process perceived audio input

Stages of Processing Auditory 
Input

Effective Strategy Non-Effective Strategy

Perception Keep focus on the information selection 
process

Process all the words, one by one, and to lose 
concentration because an unknown word or a less 

understandable word

Analysis Analyze information from a bottom-up 
approach, top-down or a mixture of both

Analyze words or complete ideas continuously

Implementation Using global knowledge about how 
the world works, experience and self-

questioning

Not structure schematically information 
and generate ambiguity in the interpretation 

of the heard text, from an wrong internal 
contextualization

Source: Based on Hsueh-Jui Liu (2008)
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According to Abdelhamid (2007), cognitive strategies focus on four tasks: (a) understand the text 
untranslated, (b) focus on key words to understand new words, (c) support the main idea to understand 
all text and (d) rely on contextual or linguistic clues to predict or infer more information.

In other words, who tries to listen to understand when it is learning English as a second language, 
needs to master the execution of two types of processes that sometimes overlap, and which are unknown 

Table 3. Listening to understand problems when undertake cognitive strategies

Hierarchy Strategies

Bottom-Up Top-Down

1 Recognize words limits Use keywords to construct ideas from prior 
knowledge of the subject

2 Recognize vowels and consonants to identify words Understand the roles of participants in a situation

3 Distinguish main words Infer issues, resolutions, causes, effects and events 
sequences conversation

4 Recognize transitions between one idea and another Distinguish between facts and opinions

5 Note patterns in word sequences Insulate unimportant details for those that are 
important

6 Interpret stress and intonation of words Understand the intention and tone of the 
conversation

7 Hold the audio input received Construct ideas from knowledge

8 Acting at the time to receive orders, requests or 
instructions

Outlining and / or rank information

Source: Based on Serri, Boroujeni, & Hesabi (2012) and Rahimi (2012).

Figure 1. Stages and listening strategies
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to those who translate what they listen to understand the information that is transmitted. The first pro-
cess refers to the stages where the audio input information is processed, and the second concerns to the 
comprehension strategies undertaken during the process divided into stages.

Choosing the Right Technology for Listening Comprehension

The inability of listening comprehension texts in English as a second language, for those who translate 
the audio input is from the type of interaction established with the elements present in the environment 
where the conversation takes place; situation that result in the wrong implementation of strategies based 
on the complexity of the text heard, disable the processing stages of perceived audio input, disabling the 
processing stages of perceived audio input.

Ybarra and Green (2003) and Sharma (2009) mention that the acquisition of English as a second 
language needs support platforms both hardware and software that support in the development of ex-
periences. The aim of this is streamline more significant learning outcomes compared to traditional 
mechanisms, such as: use computers, listen to radio, watch TV, watch videos online, use electronic audio 
players, implement sound recorders, to search for information online, implement voice or text mode 
dictionaries, real-time videoconference, writing emails, chat, among others.

Regarding to platforms employed as a listening comprehension support tool when acquiring English 
as a second language, the commonly such materials are mostly audio recordings. These elements do 
not always allow students a usable interaction in order to achieve specific goals of understanding based 
on the contextualization of the text they listen, with the baggage of past experiences; thus interfering 
with the immersion process, the quality of the generated inferences, and assumptions about the topic 
of conversation. At the end of the listening process, students have to answer comprehension questions. 
The first problem with this approach is that, in real life, almost always people know the reason why 
they listen something. In the same way, when a student is a beginner and interacts with a recording in 
order to understand, it probably do not know why is it doing. Then, immersed in a process of evalua-
tion, when the student finish answering questions about what he knows, student will find that he was 
wrong because: (1) he did not understand, (2) he understood but forgot, (3) he was focus on something 
unnecessary that led him to make mistakes, or (4) any other problems occurred that led him to choose 
a less accurate answer.

Where there is a specific purpose, listening to understand involves generating small tasks which 
support the learner interaction through visual and auditory elements, relate these tasks with the learner 
experience, and therefore, at least achieve understanding of general or specific information received 
through texts. The point of this approach is to avoid the translation of each linguistic perceived element, 
and then, incorporate it into the speech, which it is impossible to store and use it permanently.

Therefore, does the interaction with the media content is necessary to understand what a person listen 
to? Richards (1990) is positive about that. The author explains five situations related to this premise: 
(1) lack of relevant content to put in context the listener, resulting in the inability to generate an idea 
about the subject matter; (2) Whoever wants to listen to understand, requires real-time responses (visual 
or auditory) which interact with, and not at the end of the information blocks; (3) the information that 
is obtained from an image is greater than the amount of data that provides an audio recording; (4) The 
greater capacity to bring visual feedback to who tries to listen to understand, the lower issues caused 
by: the background sound, facial expressions or gestures, postures, eye direction and tone of the caller’s 
voice, among others, appears; and, (5) the greater ability to repeat the experience of listening to the audio 
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input, with the same visual support, the greater the chances of not being distracted from background 
noise, pronunciation, murmurs and blanks given between the arrival of an idea and another.

In this sense, Ur (2005) proposes that in order to develop listening skills, it should have a preconceived 
idea about what is going to receive through the ear. This means, to know in advance the context in which 
a conversation allows the listener create excitement about the purpose of the conversation, leading to the 
possibility of expect from the speech of the speaker, certain phrases or words.

In a case study concerning problems in listening comprehension in high school students, Butt Sharif, 
Naseer-ud-Din, Hussain, Khan, & Ayesha (2010) propose to implement as software as hardware technol-
ogy (visual and hearing support) so that students keep focus of study within the same auditory context, 
attention and immersed in the activity of both hardware technologies. The idea is to connect students with 
the topic of conversation through immersion with the surrounding environment, as it is in the physical 
context of student housing the elements during the analysis of the audio input, which will result in the 
level of understanding of the audio input received.

Similarly, both Oliver (2002) and Bannan-Ritland, Dabbagh,. & Murphy (2000) mention that the 
use of three-dimensional (3D) entities within virtual environments, supports contemporary theories of 
instructional design. Iuppa (2001) says that with the creation of 3D educational materials, it is possible 
to generate learning through the interaction between the student and the material; unlike the single 
implementation of sequences of images, sounds or readings, which only works as communication 
medium through information travels from one point to another. This is why, according to Winn (2002) 
technologies may “provide affordances that support instructional strategies that would not be possible 
without the technology”.

The main point is that 3D educational material contains auditory and visual elements in order to 
interact with it, so that learning does not happen as a result of the single transmission of such informa-
tion. In this order, learning is constructed by the user, as a result of the interaction with 3D educational 
material. In other words, the interaction with 3D objects, allows students to build their knowledge through 
three stages: (1) the reflection about what happens as a result of the interaction, (2) the link between the 
recent reflection with past interactions, and (3) predicting what will happen to future interactions. The 
latter based on a working model, where according to Reiser & Dempsey (2002), the instructor takes part 
only as an agent who is consulted and make it easier any task.

In addition to this, in practice, Alcaraz-Valencia (2008) mentions that learning in 3D virtual environ-
ments despite gather operational characteristics to provide context for those who need to enter situation, 
in order to obtain a visual and auditory support on which it is possible to understand the audio input 
received, 3D virtual environments are still far from being the solution to learning problems in the acqui-
sition of English as a second language. The last mentioned, due to five issues that need to be resolved 
in order to validate and assess results which are generated on these interactive virtual environments, 
regarding learning to be obtained. In this sense, the first focus is that not all students of these platforms 
are frequent users of virtual technologies with entertainment or learning purposes, however, even hav-
ing a close relationship with these technologies, a problem related to measuring usability that makes 
impossible to determine to what degree influences: (1) the efficiency and the effectiveness in the use of 
the virtual environment regarding to the potential of said interactive platform performance offered to the 
user. From the foregoing, are derived problems relating to select what kind of activities will take the user 
to construct their own knowledge. Activities such as: (2) monitoring the use of the virtual environment 
by the user; (3) monitoring the interaction between users participating in the activity; (4) monitoring 
each user interaction with the context itself (virtual environment) where the activity takes place, and 
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(5) monitoring the interaction established between who directs the activity (the assistant, the guide or 
teacher) and who are assisted (students).

In conclusion, a virtual collaborative environment does not offer support to identify what kind of 
interaction influence the performance of learners at the time to interact on the platform. This means that 
any improvement generated into the virtual environment could be due to an endless situations that not 
only is complex to qualify, but also is difficult to quantify, in order to determine what happened and in 
what degree influences the cognitive ability that the user modified .

The Importance of Context and Experience of the 
Learner: Avoiding Interaction Issues

Calderón (2015) mentions that education is not relevant when a learning model did not make sense to 
everyday life, or when both the context and the students point of view results impertinent for it. This 
implies that to not be aware of learner status, it will probably take him to get bad or insignificant results.

Context is essential to understanding and to make an interpretation of the text, as well as construct 
and communicate a message, since the personality of any person is linked to the environment in which 
it develops (Zilber, Tuval-Mashiach, & Lieblich, 2008). In fact Bruner (1990) emphasizes that learning 
about people, their lives and identities in the context in which they live is paramount in any investiga-
tion, because when human behavior is interpreted is necessary to consider physical, ethnic, historical, 
ideological, and gender. What is relevant to take into account the context is justified by the assumption 
that people do not construct their identity in a vacuum; rather they do so by social and cultural guides 
and norms (Tuval-Mashiach, 2014).

Figure 2. Virtual environments as a support tool when constructing learning based on learner interaction 
with other users. Visual and auditory elements, help in understanding what is listening when English 
as a second language is acquired
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In this way, the context and the background of learners are also important at the time of choosing the 
technology as a support tool. Technologies do not cause learning by themselves, technologies give op-
portunities that may lead to learning if they are used in an effective way (Dickey, 2005; Dalgarno, & Lee, 
2010; Dass, Dabbagh, & Clark, 2011).Difficulties on interaction between learners/users and technologies 
are very common, and they lead to bad results. For example, Dass et al. (2011) made a review of the use 
of virtual environments in order to improve different educational goals. They found that there are several 
studies (Mayrath, et al., 2007; Jarmon, Traphagan, Mayrath, & Trivedi, 2009; O’Connor, 2009; Wang, 
& Braman, 2009; Shen, & Eder, 2009; Wagner, & Ip, 2009) that evidence that demanding high levels 
of effort, to have technical navigation difficulties, to not explain to the students goals of the technologi-
cal tool and activities, among others, represent a misstep in the chase of accomplish educational goals.

Other examples of problems that can occur by not taking into account the context of the person, can 
be found in Basto-Diaz Basto-Díaz, Madera-Ramírez, & Uicab-Ballote (2012) who explained, during 
their presentation, the problems they faced due to not considering the context when they were develop-
ing a serious game for math skills; for the original game they created a 3D environment, but they had to 
switch to a 2D environment when they had execution problems given the infrastructure of the schools 
they were working. In this sense, Hahorcade (2012; 2015) states that an important part of the design 
and development of technologies, is to ensure that the final product will leave the laboratory in order to 
achieve a social contribution through interaction with it.

As can be seen, context is useful in order to determine conditions and circumstances that may be 
relevant to generate useful interaction (Saracevic, 2010).

An Opportunity to Improve Listening Comprehension in a Significant Way

There are different factors that affects listening comprehension when learning a second language. Several 
authors have divided into categories (River, 1981; Dirven, & Oakeshott-Taylor, 1984; Samuels, 1984). 
For example, Boyle (1984) points out that the main elements that keep listening to understand a conversa-
tion in English as a second language are: (1) the lack of practice as the most important detractor in this 
process, (2) the linguistic knowledge of the language in question, (3) the general or personal experiences 
about how the world works (the background) to infer, to assume, to confirm or to refute hypotheses 
about the subject, (4) the motivation, (5) the memory and (6) the attention and the concentration on 
listening. Also, Teng (1993) simplified into four categories the factors that Boyle (1984) noted as part 
of the elements that affect listening comprehension: (1) factors in who listens (the reciver), (2) factors 
in the speaker (the transmitter), (3) factors on the stimuli and (4) factors in the context.

In this sense, Bacon (1992), Henner-Stanchina (1987), Murphy (1985), and Vandergrift (1996) sug-
gest that on implementing consciously listening strategies, it will be possible to understand the texts 
that are heard, in order to avoid the fact of making a word by word translation of the perceived auditive 
text input. For this reason, Mendelsohn (1995) suggests that teachers not only need to provide students 
with auditory materials (based on varying degrees of difficulty) in which second language conversations 
happens, but also, it is necessary to give a greater weight on teaching strategies to control at will the 
analysis of the information received through the audio input.

Also, according to Vandergrift (2000), Teng (1998), O’Malley (1987) and Thompson, & Rubin (1996), 
about the listening comprehension of English as a second language, the usual focus is only situated on 
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two aspects of the problem: (1) the cognitive comprehension strategies and (2) the instruction of them. 
Chang (2007) points out that listening strategies are seen only as a data input, while language acquisition 
corresponds to the process of digesting information, where all that matters is the ability of the listener 
to process the entry. From this perspective, the one who tries to understand what it is been heard in a 
second language, it is relegated to an isolated figure in the process of understanding where cognition is an 
individual phenomenon occurring separately to the environment or the context in which learning occurs.

Hansen, & Stansfield (1981), Willing (1993), Reid (1998), Branton (1999), Wintergerst, DeCapua, 
& Verna (2003), Ehrman, Leaver, & Oxford (2003) and Macaro Graham, & Vanderplank (2007) recom-
mend to implement strategies to promote understanding of what is heard, via kinesthetic and context 
learning. This situation suggests the idea of implementing role activities where it is possible to work 
and interact with didactic elements present in the environment and put the user in context. This last in 
order to stimulate in a visual and auditory way during the immersion process with the activity that it is 
going to be performed.

From Genesee (1985) to Nieminen (2006), it is mentioned that one way to encourage the student 
during the acquisition of a new language, is to get in contact with real situations, where there is a need to 
speak in order to communicate. Roussou (2006), Bell (2008), Calongne (2008), Eschenbrenner, Nah, & 
Siau (2008), Girvan, & Savage (2010) and Kallonis & Sampson (2010) agree that adapting technologi-
cal tools such as virtual reality combined with collaborative learning strategies, provide an alternative 
pathway in the generation of knowledge. In this sense, Zhang (2010) suggests that the implementation of 
collaborative activities, connect the participants and the environment that it is around (and vice versa). 
The idea of virtualizing environments is to enhance the intrinsic characteristics that exist in the real 
spaces (images and audio), and playing with them in order to carry out activities with a greater impact 
compared to that obtained in a traditional situation. For this reason, the graphics and sound features in 
a virtual environment are useful. They help to motivate and engage participants in the interaction pro-
cess, through which immersion is generated and then, it is possible to obtain knowledge. According to 
Csiksgentmihalyi (1990), the idea is that the interaction inside of the virtual environment is directed in 
a way that boredom does not act against the activity that is going to be performed.

According Bizzocchi, & Paras (2005) virtual environments are effective when used for exploration. 
According to Norman (1993) the learning materials 3D presented in virtual environments are character-
ized by: (1) providing mechanisms to generate interaction and feedback, (2) presenting to the user an 
specific way to perform on tasks under defined procedures, (3) introducing elements that help the user to 
generate motivation, (4) providing activities that are not as difficult to perform and frustrate, or as simple 
to perform and get bored, (5) producing a sense of commitment to the activity being performed while 
experiencing the environment, (6) providing tools related to user capabilities, and activities to perform 
that help in order to not distract the attention on the user performance, and (7) generating an immersive 
experience without distractors agents. In this sense, Bizzocchi, & Paras (2005) mention that if accepted 
the requirements that Norman (1993) defined as necessary on a virtual learning environment, implicitly 
we are accepting that learning is linked to games. This last based on the idea that video games (virtual 
or not) are activities where it is possible to interact and to collaborate. Also, inside of them are hidden 
the necessary requirements to carry out any activity in a way that the results of the performance are less 
tedious versus doing the same activity in another way.
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SOLUTIONS AND RECOMMENDATIONS

Holography is a way to retrieve the likeness of a subject from a record of its unfocused diffraction pattern 
(Collier, Burckhardt, & Lin, 1971). For Workman (2013) holography is a photographic technique that 
records the light scattered from an object, and then presents it in a way that appears three-dimensional. 
The word “hologram” comes from the Greek language, where “holos” means “all” and “grapho” cor-
responds to “recording”. According to Jong (1999), a hologram is recording (or displaying) of two or 
three images that reflect different angles of an object. In this context, it is through the perspective that 
this phenomenon is conceived by the human brain as a single three-dimensional image, while it is ob-
served. Based on the above, it is possible to create optical illusions to represent virtual environments 
that, while also synchronized with auditory information, it is possible for a user to dive inside a fictional 
environment where interaction is not limited to an electronic display device. Over this matter, hologra-
phy requires mechanisms of communication so that the user can interact with holograms. On this last, 
the idea is to generate interaction by implementing computer vision algorithms that can connect the 
user actions over the hologram used, and later, link this to the communication system that controls the 
media content. All of this by not implementing an electronic device while the feedback occurs between 
the user’s performance and the virtual reality enhanced by the holograms.

The problem is not that there are not efficient and effective mechanism to assist the user on the 
immersion with virtual environment, and then produce a contextualization by means of which certain 
level of depth is reached. The problem is that virtual reality, from where it is presented to the user, tends 
to require electronic devices that invade the physical space. Situation that has not even certainty about 
physiological or health impact, given the user’s prolonged proximity to objects that emit thermal and 
electromagnetic radiation, such as virtual reality helmets and goggles. In addition, in situations where 
this kind of environments are meant to generate learning, virtual worlds do not provide support to de-
terminate what kind of interaction and how this activity, influences the cognitive changes of the users. 
In this sense, a virtual environment does not result that much practical in order to get an overview about 

Figure 3. Listening comprehension and audio input processing
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what is going on, between the guidance that the users get from the assistant while they are perform-
ing any activity inside of the virtual environment. This last results an important issue in order to get to 
know what is working for the users experience on the activity, and what it is not. This last based on the 
particular needs of different kind of users through different moments of the performed task.

Fortunately, the way we interact today with electronic devices is changing, and it has begun to dis-
pense artifacts that interfere with the usability of themselves, like touch screens on cell phones or digital 
tablets. According to Richter, Blaha, Wiethoff, Baur, & Butz (2011), the interaction performed by the 
use of fingers on touch screens is faster and easier to perform, even more than the type of communication 
that requires hardware like a mouses or a keyboards. This happens because the interaction with touch 
screens is intuitive and does not require long periods of training, in which the user not only has to get 
used to the electronic device but also, it is required to learn how to handle it.

As soon as the technological gap becomes smaller and the technology invades every aspect of our 
lives, paradigms of human computer communication will change enough to diversify and become a more 
integral element of the way we interact with real world. This last based on the usability of the technology 
implemented to manage the input data that result in the manipulation of objects inside of computational 
software. In this sense, the challenge is not only to make the interaction with persuasive technology, but it 
is also easy to perform. Even more than the one that it is implemented without intervention of technology.

Moscovich (2007) mentions that the touch interaction allows users to communicate with computers 
quickly and fluidly, rather than do the same with “clicks”. Still, for problems such as multi touch han-
dling through two or three dimensional objects on touch screens, it is required from the user a figurative 
mental resolution to establish points of reference. In this sense, it is needed the same kind of proceeding 
in order to trigger and solve a sequential (or parallel) reasoning about how to interact with these digital 
material, and then, manipulate it to reach a specific level of interaction. In this sense, issues like those 
showed in the next question must not be an issue to solve: should I click on or over the object?, Should 
I drag it from right to left or from left to right?, Should I expand it from corners?, Why it is possible 
to expand the object from the left corner and it does not happen the same when I expand it from the 
right?, If it is a three dimensional object, am I able to put it upside down?, in this last case, why it does 
not respond to the laws of physics?

In this sense, holograms represent a possibility that, from our perspective, they gather the necessary 
requirements to establish interaction and immersion in an efficient and effective way. This last given the 
challenges that even the properties of touch interaction represent in order to fuse them, with educational 
materials when they get integrated to collaborative activities, and where the professor implements an 
audio and visual support when it is necessary. Thus, the properties of the 3D hologram are divided into 
three characteristics that benefits our vision of implementation to solve listening problems while it is 
intended to understand the auditive texts in a second language: (1) the holograms does not require elec-
tronic devices to interact with the media system. This minimizes the learning curve that the user experi-
ments in order to interact with the technology. (2) The holograms can recreate virtual environments from 
which the user interacts and generates immersion with the context. And (3) holograms make possible 
to monitor the collaborative activity based on the attendance and the observation to determinate in real 
time, what works and what does not, according to how users respond over the work they are meant to 
accomplished about the activity performed. This leads to the possibility of merging a virtual environ-
ment with those activities meant to be performed within the traditional classroom, in order to give to 
the professor the responsibility to decide how to proceed when the virtualized educational material does 
not benefit the students needs.
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FUTURE RESEARCH DIRECTIONS

Based on a systematic review of literature, it will be designed a construct that serves as the basis of 
a framework which will be transformed into a holographic tool of interaction, so that undergraduate 
students get to understand what they are listening in English as a second language. This process begins 
with the selection of a tool to determinate what is it the status of two thousand participants about the 
level of difficulty when there is a need of understanding the auditory input data when English learning 
happens. Later, it will be performed a statistical analysis to determinate how do the items of instrument 
get interrelated. The idea is to find out how the qualitative and quantitative dependencies work inside of 
the construct to validate it, and then, incorporate the resolution to a framework, which will be embed-
ded into the technological and holographic tool of interaction. Finally, two groups of participants will 
be conformed. One of them will make use of the holographic tool, while the other group of participants 
will use the traditional educational support such as audio recordings on electronic devices. In this sense, 
it is intended to contrast the results of the type of interaction implemented when using holograms, and 
that one that it is implemented in the traditional classroom.

CONCLUSION

Start by giving importance to the context, the experiences and the background of the students mean that 
it has been made a diagnosis about the abilities status about what it is wanted to get better, and on what 
it is possible to achieve. This last based on the strategies implemented given the technological tools to 
establish interaction.

Interaction on virtual environments happens on different levels. This levels may change accord-
ing to the elements interrelated in this process. In order interaction happens, a group of data must be 
transformed into perceptible stimulus for the user. The idea is to provide a way in which the user can 
transform information into knowledge based on the interaction with audio, visual, haptic and odoriferous 
interfaces. On this matter, interaction corresponds to the process in which a transaction of information 
happens between a virtual environment, a purpose on the performance and resolution of an activity and 
the users. In this sense, this last three elements constitutes the context, which implies the analysis of 
information that could be transformed into an experience. Based on the later, the immersion is a quality 
of the context in order to recreate experiences, from the fidelity of communication interfaces used in 
the interaction process.

What this chapter aims to improve is that students get to understand the audio input when learning 
English as a second language. This last based on the idea that students are capable of interact in order 
to solve problems from immersive experiences, and through holographic technology, bridged with col-
laborative activities.

The intention is to emphasize that learning occurs as part of the interaction between the user and 
the external environment (the holographic educational materials, the participants of the activity and the 
activity guide). In this sense, the goal is to generate a reflection that can be internalized in order to be 
used independently by implementing virtual environments through immersion with holography, versus 
the traditional educational materials used in this process. In this order, the essence of holographic interac-
tion does not require prior knowledge about the use of this technology because the virtual environment is 
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not contained within an electronic device such as a video screen on a touch pad. Also it does not require 
haptics to be manipulated through interfaces such as mouse or keyboard.

The idea is that who directs the undertaken activities has the control over the virtual platform of in-
teraction through the type and amount of interactions that the participant can carry out given the context 
that surrounds the activity. The latter in order to determinate in real time what works for the participants 
to get knowledge, what does not serve in this purpose, and how this happen. The point is that the in-
structor could modulate in real time the direction of the activity by catching the student’s level of skill 
or difficulty achieved during their activity performance, when it is required to understand the listened 
audio input on English as a second language.
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KEY TERMS AND DEFINITIONS

Context: Underlying information to an object, person, or situation scenario, which allows serve 
as a starting point to generate inferences or assumptions about a subject, all of this based on our past 
experiences.

Hologram: An image that cheats the brain’s visual perception in order to recreate three dimensional 
objects in our own dimension.

Holography: A photographic technique that produces the recording of an object from three different 
planes in order to be interpreted by the human brain as one.

Instructional Interactions: Transaction process of information between a person, the context and 
purpose, in order to generate an experience that is susceptible to become knowledge.

Interaction: Transaction process of information between a person, the context and a purpose.
Listening Comprehension: To pay attention when listening to undertake strategies that lead a person 

to understand the perceived audio input.
Listening: The necessary activity of hearing sounds when it is intended or desired to understand 

audio verbal messages.
Strategies: Orderly interactions that lead to the fulfillment of goals or objectives.
Virtual Environment: Recreation of reality (or an alternative reality) encapsulated into a software 

program.
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ABSTRACT

This study explores the design considerations and usability factors of using large multi touch interfaces. 
In this study, an experimental approach incorporating a large multi touch interface environment was 
used. End user usability test sessions supported with glasses type eye tracker and interview sessions 
were conducted. The data were collected from one expert and three non-expert users by implementing 
a task on a military training application. Two analysis methods were used, analysis for eye movement 
data of users and analysis for interviews. This study revealed that users were generally focusing at the 
center of the screen while using the large multi touch display. The most common gestures were Tap and 
Drag which are single touch input gestures. It was easy to adapt to the system by recalling the previ-
ous experiences from mobile devices, to manage the area on the screen, and to interact with two hands 
thanks to display size.

INTRODUCTION

The increasing use of touch devices has bought significant changes on Human Computer Interaction 
(HCI). Users have started to use touch technology in their daily lives as an inevitable consequence of 
increasing usage of smart devices. Because of this trend, the needs of users have been changed in terms 

Use of Large Multi-
Touch Interfaces:
A Research on Usability 

and Design Aspects

Mehmet Donmez
Middle East Technical University, Turkey

Kursat Cagiltay
Middle East Technical University, Turkey

Serkan Alkan
Middle East Technical University, Turkey

Fuat Bolukbas
Middle East Technical University, Turkey

Goknur Kaplan Akilli
Middle East Technical University, Turkey



333

Use of Large Multi-Touch Interfaces
 

of the display size of devices. Users started to request for using larger display size with multi touch ca-
pability. According to Martin-Dorta, Saorin and Contero (2011), using touch screen interfaces increases 
the motivation and satisfaction of the students during the interactive courses.

The use of devices with touch ability like smart phones and smart boards is increasing day by day, 
because using devices by touching is easier and more collaborative than traditional usage of devices by 
using keys, keyboard and mouse. According to Wahab and Zaman (2013), multi touch interactive tables 
are started to be essential technology for collaborative works. As a consequence of this increase, the 
demand for larger multi touch devices emerged. It necessitates the studies on this issue.

There is a need to investigate the usability factors of large multi touch displays, because the gestures 
used on large multi touch displays should be different from the usual touch gestures which are used on 
smaller displays like smart phones or tablet PCs. Besides, user preferences on using large multi touch 
displays can be different from the user preferences on smaller multi touch displays. Most of the multi 
touch devices are designed for single person use. Although the small displays have primary role in dis-
seminating multi touch gestures, Very Large Displays (VLDs) need new definitions and suggestions to 
integrate these gestures in those sizes. Creating a usable interfaces for VLDs, a series of experiments 
should be conducted. In this study, basic usability methods are integrated with the eye tracking technology 
to record and analyze bases of user responses. The findings highlight the users’ attitudes and behaviors 
toward a newly produced VLDs. Besides, the findings are important to design of next generation large 
multi touch displays. In addition, there are not many studies about the design of VLDs in the HCI litera-
ture. One of the aims of the current study is to suggest answers about the design guidelines for VLDs.

LITERATURE REVIEW

This part includes five main sections, namely the history of touch displays, larger touch displays and us-
age, technology of touch displays, gesture standards for touch devices and Very Large Displays (VLDs), 
and the current VLDs.

History of Touch Displays

At the beginning of the post PC era, the idea of tablet PCs was created well-known patent disputes be-
tween two main players, namely Apple and Samsung in the market (Hey & Pápay, 2014). During these 
lawsuits, Samsung showed Stanley Kubricks’ 50 years old “A Space Odyssey” movie as a proof against 
Apple claims in which a tabletop screen is shown explicitly. Although the tablet PC seen in this scene 
is no more than an LCD display, it creates the sense of using screen as an input device. Afterwards any 
developments in interactive large displays were announced “dreams come true” by referencing the mov-
ies in which interactive tools depicted.

This shows that there is a breakdown between technological and conceptual development in the sub-
ject of multi touch screens. The developmental tracks of tablet computers and touch screen technologies 
followed different routes before incorporated into a device. For example, the first patent which can be 
linked to the use of screens as an input devices can be dated back 1915, a century ago (Goldberg, 1915). 
Pen is the first input tool used instead of keyboard among computers in earlier models at 50s (Dimond, 
1957). Although many different models or mediums produced as prototypes for modern touch screens, 
they won’t become a part of daily life until first introduction of iPhone by Apple in 2007 (Grissom, 2008).



334

Use of Large Multi-Touch Interfaces
 

After the introduction and the success of the finger controlled touch screens, many models followed 
iPhone. Today, there are many different types and sizes of touch screens available at the market. It took 
more than 40 years to develop devices which respond to user touch at table or board size.

According to developing technology and demands of people, touch displays are changing in terms 
of size, type, purpose of usage in addition to technology behind the screen. At the very beginning of 
the touch displays, there were capacitive displays (Jain, Bhargava, & Rajput, 2013). It was developed 
by E.A. Johnson at the Royal Radar Establishment, Malvern, U.K. After that, touch screen technology 
was improved day by day. In 1982, the first multi touch system was developed in University of Toronto 
(Buxton, 2009). Afterwards, the first multi touch display which is based on a transparent capacitive array 
of touch sensors placed on a Cathode Ray Tube (CRT) was developed by Bob Boie in 1984 (Buxton, 
2009). After the release of the Nintendo DS in 2004, the popularity of the touch screens started to increase 
(Jain et al., 2013). With the increase of the popularity of the touch screens, commercial usage of the multi 
touch screens started to become widespread. One of the leading company was Microsoft Corporation. 
Microsoft Corporation developed a commercial multi touch system, namely Microsoft Surface (Dietz & 
Eidelson, 2009). This system is a tabletop computing system and uses infrared (IR) light and series of 
cameras to detect the interaction of user with the multi touch system. After that, Microsoft PixelSense 
which has similar technology with Microsoft Surface was released. Microsoft PixelSense uses IR sen-
sors and computer vision to detect the touches. Besides, it has a much thinner tabletop system (Bordin, 
Zancanaro, & Angeli, 2013).

Larger Touch Displays and Usage

The early models of the smartphones with touch screens have about 3-4 inch displays. But shortly after, 
the size of the screens is getting larger as a result of user demand. Today many smartphones come to 
market with a display about 5 inch or more. Same trend can be tracked in tablet computers also. But, 
sizes in inches in the market are not satisfactory when multi person interactivity is required.

This trend is consistent with developing technology, people’ needs are changing day by day and be-
ing more sophisticated, so large wall displays started to enter people’ lives and they are taking the place 
of standard desktop monitors (Malik, Ranjan, & Balakrishnan, 2005). The cause of this change is that 
there is a need for using sophisticated single-user and multi-user applications on larger place than the 
standard desktop monitors. In addition, Thompson, Nordin, and Cairns (2012) stated that the more the 
screen size is larger, the more the involving experience is provided. Besides, large displays with high-
resolution help users to reach more information simultaneously and easily (Andrews, Endert, & North, 
2010). According to Czerwinski, Tan, and Robertson (2002), larger displays can be used to handle a 
greater field of view. Czerwinski et al. (2003) stated that working on complex, multiple window tasks 
with larger displays increases the productivity and satisfaction of users significantly. Also, they reported 
that users work significantly faster on larger displays while completing multiple step cognitively loaded 
tasks. Using a large display provides benefits for managing multiple windows by showing on display 
simultaneously (Bi, Bae, & Balakrishnan, 2014). Besides, working on large display enhances the con-
centration of the users on the task.

According to Bi et al. (2014), VLDs might be beneficial about ergonomic issues. For example, users 
are limited to move their heads or to change their sitting position in front of the single monitor usage. 
On the other hand, users are more relaxed about their body position in front of the large screens.
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The factors given above show that, demand for VLDs will continue to increase in following years. 
Although there are some commercial products with interactive VLDs available as tabletop or walltop 
in the market already, the empirical research about these products is not common in the literature to 
provide input to the designers or companies. This study aims to provide explicit cues for the usability 
and designing issues of very large displays at the end.

The devices with touch sense capability which are used in daily life are smart phones, tablet PCs, 
laptops and desktop PCs with touch sense displays. The screen sizes of these devices vary from 3 inches 
to 27 inches when the market comparison is done via the Internet. One of the most important questions 
for engineers and researchers who are capable of manufacturing these VLDs is who needs a display 
about 2 meters at diagonal or larger. The answer to this question does not come from the consumers 
directly. Consumers who want to have a VLD systems know that they need something like VLD, but the 
details and technical specifications of these systems are not clear to them. Smaller displays are easier to 
use, but it is hard to handle simultaneous tasks on these displays rather than one task at a time. When 
the displays are getting larger, many problems occur such as placement of the tasks, unused spaces, low 
effectiveness and productivity etc. However, these problems do not retain people having large screens.

Today, the use of VLDs is not very common. But probability of meeting with a VLD is getting 
higher everyday even in a rock bar or a fair. Although they are not frequent today, they will be a part of 
our daily life soon when the barriers in design, technology and cost are overcomed. The cost of a VLD 
system is fairly high today, but there are signs that they will be available with different prices and sizes 
in the market soon.

VLDs have a wide range of areas to be used, namely business, education and public places. Although 
idea of VLDs is seem to be attractable, the productivity and the effectiveness of these VLDs are not 
clear yet.

VLDs have many possible applications. Ni et al. (2006) listed eight class for the possible use of 
VLDs. This is neither final nor exclusive list, but it gives an idea about how wide the areas of VLD use. 
Despite, they made this classification for only for displays, interactivity in current study can be consid-
ered as an asset. The command and control tasks are the first situation that require very high resolution 
according to Ni et al. (2006). These control centers can be either military or research oriented. Second 
use of VLDs are design studios such as automobile design in which the product and environment should 
be seen in its actual size. Geospatial Imagery and Videos; Scientific Visualization; Collaboration and 
Tele-immersion; Education and Training; Immersive Applications; and Public Information Displays are 
the other possible applications of VLDs.

Technology of Touch Displays

Technology of touch displays has been changed up to nowadays. Jain et al. (2013) state that there are 
various technologies which are used in touch displays:

Capacitive Touch-Screen Technology: Capacitive touch-screen technology provides clear display 
(Kolokowsky & Davis, 2009). It has two types, namely surface capacitance technology and projected 
capacitance technology. Surface capacitance technology consists of four sensors at the corners of the 
screen. These sensors identify the touch by checking the changes on the capacitance. In order to use 
this technology, there is a need to touch the screen via conductive object like a finger. The other type 
of the capacitive touch-screen technology, projected capacitance technology, has more advantages than 
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the surface capacitance technology. It provides much more positional accuracy. Besides, it is capable to 
identify multiple touches simultaneously.

Resistive Touch-Screen Technology: Resistive touch-screens are the most common and the cheapest 
touch technology (Kolokowsky & Davis, 2009). This technology is based on pressure on the screen and 
it can react to touch by a finger or any other object which is a conductive or a non-conductive object.

Surface Acoustic Wave Technology: Surface acoustic wave technology is based on sound waves 
traveling along the screen (Hao & Kui, 2014). The corruption on the sound waves is used to determine 
the coordinates of touch point. This technology has shorter reaction time and long service life, but it has 
high cost and it is difficult to integrate this technology with small sized and medium sized terminals.

Infrared Touch-Screen Technology: Infrared (IR) touch technology is based on an IR frame which is 
an IR emitter at the four sides of the screen (Wei, Liu, He, & Wei, 2011). IR emitter provides horizontal 
and vertical IR matrix. In order to determine the coordinates (X, Y) of touch point, the controller can 
calculate the coordinates where the IR matrix is blocked by a finger or any other objects.

METHODOLOGY

Participants and Study Setting

The number of users who know how to use application was limited that there were four participants. The 
test engineer of the application was selected as expert user. Three of the developers of the application 
were selected as non-expert users.

For this study, a software related to military tactical operations was selected and installed on a VLD. 
The reason for selecting this software is that it includes different custom touch gestures to use during 
the study. Before the tests, three non-expert users were matched with the expert user in order like Test 
Group 1 (EU and NEU 1), Test Group 2 (EU and NEU 2) and Test Group 3 (EU and NEU 3). Therefore, 
the test was conducted 3 times. During the tests, participants were asked to sit as it is seen in the Figure 
1. Both of the participants were asked to wear glasses type eye tracking devices for recording the eye 
movement data of them. Also, the test environment was recorded with two video cameras (one from 
the side of the device and one from the backside of the participants) to identify the usage behaviors of 
participants. Subsequent to tests, a short interview around 20 minutes was conducted and recorded with 
each user about their experiences during the tests.

In this study, two Tobii Glasses 1 Eye Tracker device and a large multi touch display were used. Eye 
tracker device which uses reflector and infrared detector camera tracks right eye of the participant and 
collect data about where the participant is looking, how long and how many times s/he looks at which 
location.

Data Collection and Data Analysis

The task for this study consists of three steps. The first step is that two different smugglers, who are 
controlled by the user on the control computer, enter from the border line by cutting the wires. Each 
smuggler starts to move inside the border line through different directions. As the second step of the 
task, each of the two users, expert user and non-expert user, selects one of the guardhouses and starts to 
follow one of the smugglers. As the third and final step of the task, each user arrests and handcuffs one 
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of the smugglers. While users were doing the task, their eye movements were recorded for the analysis 
of the data in order to interpret their attitudes, behaviors, task completion times, and their successes.

For data collection, two different methods were applied. The first method was end user usability test-
ing. The participants were asked to complete the given task by using the software which was located on 
the large multi touch display. During the end user usability testing, one expert user (EU) and one non-
expert user (NEU) used the software simultaneously. The same test was repeated for three times. After 
end user usability testing, the interviews were done with expert user and non-expert users as a second 
method by taking their voice recordings. At the beginning of the interview session, the retrospective 
review with each user of Test 1 was done in order to strengthen the data. They were asked to watch his/
her own video recording which includes their eye movements, and to explain what and why they were 
doing. Subsequent to retrospective review, users were interviewed in order to collect information about 
their experiences with the VLD.

As the first step of data analysis, the eye movement data were analyzed for Test 1 and Test 2. During 
the analysis of these data, the video recordings from eye tracking device were reviewed on the software 
of such device and coded manually to identify the users’ line of vision. Manual coding provided counts 
and durations of users’ line of vision and gestures performed by users. After the manual coding, the data 
for each user were divided into 10 equal time intervals in order to examine the data more efficiently. In 
addition, these video recordings were divided into 4 equal Area of Interests (AOIs) in order to analyze 
the fixation counts and fixation durations of users for each AOI. As the second step of the data analysis, 

Figure 1. The test setting
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the interview data were analyzed for Test 1, Test 2 and Test 3. Firstly, interview records were transcribed 
into text. Then, retrospective review data were separated from the interview data and grouped according 
to time intervals. Retrospective review data were used to support the results coming from the first step 
of the data analysis. After separating retrospective review data, the coding was done by the researcher.

RESULTS

The results of Test 1 and Test 2 are examined under 10 time intervals. The AOI results of Test 1 and Test 
2 indicate that expert user was mostly working on upper side of the screen which includes objects and 
right side of the screen which includes right menu, while non-expert users were mostly working on left 
side of the screen which includes left menu and objects. There are three menu areas which are placed 
on the right side of the screen, left side of the screen and middle bottom side of the screen. The differ-
ences between menu inside durations and menu outside durations have similar pattern after the 60% of 
the task according to Time Intervals (TI) for both EU and NEU 1 for Test 1. Likewise, the differences 
between menu inside durations and menu outside durations have similar pattern after the 40% of the 
task according to Time Intervals (TI) for both EU and NEU 2 for Test 2. In addition, the results of Test 
1 and Test 2 show that EU, NEU 1 and NEU 2 were looking at the out of menu area more than menu 
area in durations among the total task for Test 1 and Test 2. Besides, EU was moving around the area 
more than NEU 1 and making selections a little bit more than NEU 1 in counts in Test 1. Counts data 
for Tap gesture on EU is a little bit higher than on NEU 1. Counts data for Zoom Out gesture and Rotate 
gesture for EU 1 are smaller than for NEU 1. However, counts data for Zoom In gesture, Select gesture 
and Drag gesture for EU are higher than for NEU 1. Likewise, EU was moving around the area more 
than NEU 2 and making selections more than NEU 2 in counts in Test 2. Counts data for Tap gesture 
on EU is a little bit higher than on NEU 2. Counts data for Zoom Out gesture and Drag gesture on EU 
is higher than on NEU 2. Counts data for Zoom In gesture for EU are higher than for NEU 2. Counts 
data for Select gesture on EU 1 is equal to the data on NEU 2. Counts data for Rotate gesture on EU 1 
do not exist, while such data on NEU 2 exist.

According to interview results, users tried to transfer previous habits from smart devices. Therefore, 
it was easy to adapt gestures for users. Also, it was easy to select objects, to see the area, to see the ob-
jects, and to move camera to see the area. In addition, some users were used to use touch devices with 
one hand, but it was easier for them to use large multi touch display with two hands. Besides, the device 
uses infrared (IR) frame to sense touch gestures. Because of the size of the screen, sometimes the other 
fingers can be sensed as touch gestures by the device. There can be made enhancement about gesture 
sensitivity of the device.

CONCLUSION

Discussion and Conclusion

The results of this study showed that users who used the large multi touch display system transferred 
their previous habits. These habits were based on their usage of mobile devices. Bellucci, Malizia, and 
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Aeto (2014) figured out that touch gestures for large touch surfaces can be generated from the gestures 
for small devices like mobile devices, because it provides user acceptance about such gestures.

According to the results of this study, it was easy to select objects, manage the area, see the objects 
on the screen, and interact with two hands. These results comply with the results of a study in literature 
which pointed out that the most cited reasons of users for liking the public large multi touch system, 
which was provided for the study, were its simplicity/ease of use (12.9%), interactivity (12.4%) and multi 
touch (10.1%) (Jacucci, Morrison, & Richard, 2010). In addition, Liu and Chapuis (2014) pointed out 
that wall size display system is significantly effective for managing the difficult tasks.

According to the results of this study, users were satisfied about using the large multi touch display 
system. This result complies with the result of a study which found out that user satisfaction was im-
proved notably and they felt more comfortable about using drag and drop operations on large multi touch 
system rather than using traditional drag and drop operations on a desktop PC via mouse operations 
(Doeweling, 2010). Besides, another study stated that all of the participants of the study were satisfied 
with their work on large multi touch display system, because they felt they worked effectively (Jakobsen 
& HornbÆk, 2014).

According to the data from tracked area and the data from the AOIs of users, eye movements of both 
users were around the center of the screen. It means that the focus of the users was in line with the eye 
level of users. This result complies with the result of a study in the literature which stated that 81% of 
the mouse events of the users were around the center of the screen, when they worked on large display 
(Bi & Balakrishnan, 2009). These results show that notifications or pop-up windows should be around 
the center of the screen.

The gesture counts for Test 1 and Test 2 show that the most common used gesture is tap gesture for 
all users. In addition, the usage counts of tap gesture and drag gesture which are single input gestures are 
higher than the other gestures. The study of Epps, Lichman, and Wu (2006) stated that the frequency of 
usage of tap gesture was 70.1% for all tasks. According to Chaboissier, Isenberg, and Vernier (2011), the 
usage of single touch input on a large multi touch screen occurred more than multi touch input. These 
results show that designers should take into account that the most common gestures for large multi touch 
display based systems are one handed single touch gestures.

During the analysis of the eye tracking data of users, it was observed that users preferred to use both 
of their hands for multi touch gestures like Zoom In gesture, Zoom Out gesture and Rotate gesture. It 
means that users used both of their hands to perform multi touch gestures instead of single hand. This 
is because the size of the display was larger and it took time to perform gestures like Zoom In, Zoom 
Out and Rotate by using single hand. These results show that developers should consider two handed 
usage of gestures, while defining multi touch gestures for applications developed for large multi touch 
display based systems.

Contribution of the Study

This study contributes to the Human Computer Interaction literature by stating the usability factors of 
large multi touch displays and the suggestions for the design of these displays. The findings of the study 
showed that it is easy to adapt to use large multi touch displays for users. Also, the management of the 
data in these displays is easy because it enables users to see more data simultaneously than smaller dis-
plays. In addition, expert users make more interaction than non-expert users in terms of usage of touch 
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gestures. Moreover, the design of the display can be changed in accordance of users’ needs because 
there are unused spaces on the display in this study. These results can be a guide for manufacturers and 
developers of the systems and for applications which are appropriate for these kind of devices.
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KEY TERMS AND DEFINITIONS

Human-Computer Interaction (HCI): HCI is the study of how people interact with computers, 
i.e., mobile phone, tablet Pcs, etc., and to what extent computers are or are not developed for successful 
interaction with human beings.

Interaction Design: Interaction design focuses on creating engaging interfaces with well thought 
out behaviors, for children, adults, animals, robots, etc.

Interface: Traditionally, the word interface is a shared boundary or connection between two dissimilar 
objects, devices or systems through which information is passed.

Touch Display: It is a computer display screen that is also an input device. The screens are sensitive 
to pressure, a user interacts with the computer by touching pictures or words on the screen, for instance, 
a iPhone.

Usability: Usability or Engineering of the Usability means making products and systems easier to 
use, and matching them more closely to user needs and requirement.

http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=5949041


343

Copyright © 2018, IGI Global. Copying or distributing in print or electronic forms without written permission of IGI Global is prohibited.

Chapter  15

DOI: 10.4018/978-1-5225-2616-2.ch015

ABSTRACT

The use of computer-supported collaborative learning (CSCL) environments in teaching and learning 
processes has increased during the last decade. These environments have various collaboration, com-
munication and coordination tools that students and teachers can use without depending on the time and 
place where they are. However, having software tools that support group learning does not guarantee 
successful collaboration because factors such as insufficient knowledge of study contents can impair 
learning. The analysis of group interactions should allow teachers to recognize obstacles in the learning 
process, but when there are a lot of interactions the manual analysis is unfeasible owing to time and effort 
required. This chapter presents a multi-agent model that personalizes the delivery of learning material 
when groups of collaborative students manifest lack of knowledge. In addition, this chapter describes 
results of experiments conducted to evaluate the feasibility of using Lucene for retrieving learning mate-
rial written in English and Spanish.
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INTRODUCTION

With the rapid development of knowledge-based society the importance that is given to collaborative 
knowledge creation has increased. In this context, CSCL has become a new form of education where 
students learn through interaction with people who may be located in different temporal and spatial 
contexts (Suh & Lee, 2006). However, availability of software tools that support group learning does 
not guarantee that students collaborate, since factors such as insufficient knowledge in the content area, 
lack of access to appropriate resources, lack of knowledge on how to use resources, skills deficit, and 
problems with course materials, may obstruct the learning process of students (Costaguta, García, & 
Amandi, 2011; Olivares, 2007; Onrubia & Engel, 2012; O’Rourke, 2003; Orvis & Lassiter, 2006; Varvel, 
2007). According to Varvel (2007) e-tutors (teachers) are responsible for identifying these obstacles in 
group learning so as to assist students at the right time and with the appropriate methods.

In CSCL environments a complete record of the activities and interactions of students is available. 
Further analysis of this set of activities and interactions should enable e-tutors recognize the presence of 
obstacles in the learning process mentioned above. But when there is a considerable amount of interac-
tions manual analysis is virtually impossible due to the time and effort required (Chen, 2006; Rosé et al., 
2008). Furthermore, coordination of discussions imposes to CSCL e-tutors a huge effort, both temporal 
and cognitive, especially when there are several groups working simultaneously (Schwarz & Asterhan, 
2011). If we also take into account that the e-tutors may not log in the course site for a long time due to 
health problems, travel, connection problems, among others, it is clear that the group learning process 
would be slowed down if students were not able to solve the obstacles that arise during an activity or 
course (Souali, Afia, Faizi, & Chiheb, 2011).

Based on what we mentioned in the last paragraph, a multi-agent model to deal specifically with the 
problem of insufficient knowledge in the content area is proposed. In the proposed model, an agent will 
analyze group interactions to identify themes or content areas where students have doubts or difficul-
ties. Once detected the failure of knowledge, another agent will suggest students study materials (power 
point presentations, books, monographs, web pages, videos, and so on) that can be consulted to resolve 
the problem or difficulty. In these cases the system will alert the teacher to assist students to achieve 
completeness of the task or activity.

With this multi-agent model it is intended to alleviate the workload of teachers, as well as to help 
students to be less dependent on the teacher. For students, having a system that recommends them to 
review the contents would help them better manage their own time, since often they are limited in this 
aspect and they do not have the possibility of reviewing all the study material. This situation is exacer-
bated when one considers that many college students combine their studies with part-time jobs.

Once gaps in knowledge have been recognized, the subsequent recommendation of learning materi-
als is not easy especially when working with materials written in more than one language. The search 
and retrieval of information from materials written in multiple languages is precisely the main focus of 
this work. This chapter assesses the feasibility of using Lucene as multilingual search engine within the 
multi-agent model for recommending study material.

The rest of the chapter begins with a theoretical background section as it introduces the notion of soft-
ware agent, describes the types of communication interfaces used in CSCL tools, refers to the techniques 
for analyzing interactions through communication interfaces based on natural language, explains the 
concept as well as a taxonomy of recommender systems, presents the methods commonly used to search 
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multilingual documents, and describes some previous research related to our proposal. Once introduced 
the preliminary notions, the multi-agent model to recommend study material is described in detail. Then 
we describe the experimentation process with different analyzers and filters of Lucene1. After that, the 
user interface suggested to implement the proposed multi-agent model is presented. Finally, we present 
our conclusions and further work.

BACKGROUND

The Notion of Software Agent

In spite of the fact that there is no universally accepted definition of the term agent, it is usually accepted 
that an agent is any entity that perceives its environment through sensors and acts upon that environment 
through actuators (Russell & Norvig, 2010). Agents can be biologic (people or animals, for example), 
robotic, or computational. A human agent has eyes, ears, and other organs for sensors and hands, legs, 
vocal tract, and so on for actuators. A robotic agent could have cameras and infrared range finders for 
sensors and motors for actuators.

Various attributes are associated with agents in different domain applications yet, according to Nwana 
(1996) there are three ideal and primary attributes that agents should exhibit: autonomy, cooperation, 
and learning. Autonomy refers to the principle that agents can operate on their own without the need 
for human guidance. A key element of their autonomy is their proactivity, i.e. their ability to ‘take the 
initiative’ instead of reacting in response to their environment (Nwana, 1996). Cooperation is social 
ability that agents possess, which means the ability to interact with other agents and possibly humans 
via some communication language. Agent learning refers to agents’ capability of improving their per-
formance over time as they react and/or interact with their external environment. In (Nwana, 1996) the 
author argues that a key attribute of any intelligent agent is its ability to learn.

This chapter is concerned with a particular type of agents, software agents. A software agent is a 
computer program designed to carry out some task on behalf of a user (Coppin, 2004). As the aim of our 
multi-agent model is personalizing the delivery of learning material for collaborative learning groups, 
we are working with a special kind of software agents known as pedagogical agents. Pedagogical agents 
could be defined as autonomous and/or interface agents that support human learning in the context of 
an interactive learning environment (Chen & Wasson, 2005). Essentially, interface agents act as an 
autonomous personal assistant that cooperates with the user in accomplishing some task in a software 
application such as a spreadsheet or an operating system (Nwana, 1996). In order to support and provide 
assistance to the user, interface agents observe and monitor the actions taken by the user in the interface, 
learn new ‘shortcuts’, and suggest better ways of doing the task (Nwana, 1996).

A common way of exploiting the potential power of agents is by combining many agents in one 
multi-agent system. A multi-agent system can be defined as a set of agents that work and communicate 
together to achieve individual and common goals (Soh, Khandaker, & Jiang, 2010). Each agent in a 
multi-agent system has incomplete information and is incapable of solving the entire problem on its 
own, but combined together, the agents form a system that has sufficient information and ability to solve 
the problem (Coppin, 2004). Communication and collaboration are desirable properties of multi-agent 
systems, since multi-agent systems do not have a centralized control mechanism for solving the problem.
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User Interfaces Employed in CSCL Environments

In CSCL environments, student-student and student-teacher interactions occur through semi-structured 
interfaces (such as dialogue acts, sentence opener, menu-based and diagrams) or free text interfaces.

Semi-structured interfaces are quite popular in distributed collaborative learning environments due 
to its ease of use and the fact that they reduce the amount of natural language processing necessary to 
understand the collaboration (Chen, 2006; Soller, Monés, Jermann, & Muehlenbrock, 2005; Tchounikine, 
Rummel, & McLaren, 2010). However, there is research showing that the semi structured interfaces 
undermine the collaborative process because they restrict the types of communicative acts, make the 
communication slow (Chen & Wasson, 2005; Constantino-González, Suthers, & Escamilla-De-Los-
Santos, 2003), and create relational stress (Olivares, 2007). Additionally restricting users to communicate 
using semi-structured interfaces can lead to misunderstanding the dialogue when students use interface 
options incorrectly (Chen & Wasson, 2005; Constantino-González et al., 2003; Tchounikine et al., 2010).

As shown in Figure 1, when sentence openers are used it is necessary for students to start their contri-
butions selecting a suggestive phrase (for example: “Do you think,” “I believe”, “Let’s try” and “Please 
show me “) and then enter the rest of the sentence in their own words (Goodman et al., 2005). This strategy 
identifies the intention of a contribution in a conversation without fully understanding the meaning of 
the underlying dialogue acts (Goodman et al., 2005; Soller, 2001). However, opening statements suffer 
from additional problems that occur in other semi structured interfaces, namely recognition of only the 
primary intention of each contribution, change in the nature of the interaction and steep learning curve.

• Recognition of only the primary intention of each contribution: because each sentence opener 
typically is associated with only one intention (e.g. suggest or justify), an interface based on sen-
tence openers can only represent the primary intention (Soller et al., 2005). This means that if for 
example a student begins a sentence with the sentence opener corresponding to the dialogue act 
“motivate” and then in the same sentence the student introduces a second dialogue act “reject”, 
the sentence opener approach would only recognize the dialogue act “motivate” since it cannot 
capture complex intentions (Goodman et al., 2005).

• Change in the nature of the interaction: requiring users to select sentence openers before writing 
the rest of their contribution can tempt them to change the meaning of their contribution to match 
the meaning of the opening sentence (Soller, 2001). It is therefore essential that the opening state-
ments allow a broader communication range in relation to the learning task.

• Steep learning curve: if students have no prior experience with the use of opening statements, they 
may invest considerable time during the first sessions by reading the list of sentences available to 
find the most appropriate for their contribution (Soller, 2004). To avoid that students have diffi-
culty in locating the phrases they need in the interface we should train them in the use of sentence 
openers in real situations (Israel & Aiken, 2007).

Free text-based interfaces have the advantage of not restricting the interaction nor requiring users to 
have to explicitly indicate the type of contribution they want to make. However, in a free text interface it 
is not possible to use the interface itself to make inferences about the interaction process, and therefore 
it is necessary to use natural language processing and text mining techniques.
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Analysis of Natural Language Interactions

Natural languages are the languages used by humans to, among other things, communicate. Unlike the 
formal languages (such as C ++, Java or Prolog) natural languages are characterized as ambiguous, 
i.e., a sentence in natural language can have more than one meaning and in some cases determining the 
correct meaning can be difficult (Coppin, 2004).

Natural language processing is an area of research and application that explores how computers can 
be used to understand and manipulate text or voice in natural language (Chowdhury, 2005). The foun-
dations of natural language processing consist of various disciplines, namely: information science and 
computer science, linguistics, mathematics, electrical and electronic engineering, artificial intelligence, 
robotics, and psychology (Chowdhury, 2005). Researchers in the field of natural language processing are 
interested in knowing how humans understand and use language because in this way they can develop 
appropriate techniques and ensure that computer systems understand and handle natural languages while 
performing their tasks (Chowdhury, 2005).

The area of natural language processing includes tasks such as token decomposition, Part-of-Speech 
Tagging (POST), suppression of stop words, stemming, identifying lemmas, entity recognition, clas-
sification of entities, determining the limits of the sentence, phrase recognition, correcting spelling 
mistakes, and text summary.

Alternatively to the use of natural language processing, the analysis of communications in CSCL 
environments based on free text interfaces could be addressed through text mining. As with data mining, 
text mining seeks to extract useful information from data sources through the exploration and identifica-

Figure 1. Sentences openers in the ICSS system
Source: (Israel & Aiken, 2007)
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tion of interesting patterns. However, text mining data sources are collections of documents and therefore 
it does not seek patterns in formalized data records as with data mining, but in the unstructured textual 
data in the documents in these collections (Feldman & Sanger, 2007). Then, text mining, also known as 
knowledge discovery from textual databases (KDT), refers to the process of extracting interesting and 
non-trivial patterns or knowledge from text documents (Césari, 2007; García-Adeva & Calvo, 2006; 
Hotho, Nürnberger, & Paaß, 2005; Tan, 1999). The goal of text mining is to discover such things as 
trends, deviations and associations between “large” amount of textual information (Césari, 2007). Text 
mining techniques try to reveal the hidden information by methods that are able to cope with the large 
number of words and structures, vagueness, uncertainty, and fuzziness that characterize the natural 
language (Hotho et al., 2005). According to Do-Prado and Ferneda (2008) text mining techniques can 
be organized into four categories:

• Classification techniques: they assign objects to predefined classes or categories.
• Association analysis techniques: they can help to identify words of concepts that occur together, 

and to understand the content of a document or a collection of documents.
• Information extraction: they can find relevant data or expressions inside documents.
• Clustering techniques: they can discover underlying structures in document collections.

The recognition of knowledge shortcomings could be addressed through classification techniques 
that process the communications in a group to establish in which messages students report that they have 
difficulties with a certain subject or content. Using classification techniques implies that we need to 
gather a collection of documents to train classifiers. In this collection of documents each message sent 
by the students will have to be manually associated to a category or type of knowledge shortcoming.

Given the issues raised by Aranha and Passos (2008) a text mining process consists of 4 macro steps 
shown in Figure 2: gathering, pre-processing, indexing, and mining.

Figure 2. Steps of a text mining process
Source: (Aranha & Passos, 2008)
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• Gathering: The aim is to identify and select the domain in which the text mining technique is 
applied, so that they can collect data that will compose the text database.

• Pre-Processing: It is responsible for obtaining a structured or semi-structured document repre-
sentation, usually in the form of an attribute-value table that can be sent to knowledge discovery 
algorithms. Although it can be quite costly, the pre-processing step is absolutely necessary for the 
success of the process of text mining.

• Indexing: It is characterized by using information retrieval methods that increase the performance 
of the process.

• Mining: It aims to find useful or previously unknown patterns or information in the documents. 
For the extraction of patterns similar techniques to the traditional data mining process, like clus-
tering and classification, are used.

Text mining and natural language processing are closely linked in the sense that many of the techniques 
of natural language processing (POST, suppression of stop words, stemming, lemmatization, etc.) are 
used for the pre-processing step of text mining.

One issue that should be considered is that while text mining methods and natural language processing 
allow to analyze free text-based interactions in a non-intrusive way for students and for teachers, these 
approaches are limited by their ability to understand natural human conversation (Soller et al., 2005). 
Besides the text mining techniques cannot be used generically as they have to adapt to each domain of 
learning and they often require considerable time and effort by humans (Barros & Verdejo, 2000; Soller 
et al., 2005).

The Notion of Recommender Systems

Recommender systems development initiated from a rather simple observation: to make daily and routine 
decisions people often rely on recommendations provided by others (Felfernig, Friedrich, & Schmidt-
Thieme, 2007). For example, it is common to rely on what one’s friends recommend when selecting a 
book to read; employers count on recommendation letters when making recruiting decisions; and when 
selecting a film to watch, individuals tend to read and rely on the movie reviews that appear on printed 
or digital newspapers (Rocco, Rokach, & Shapira, 2011). Recommender systems assist and augment this 
natural social process because they support users by identifying interesting products, information and 
services in situations where the number and complexity of offers surpass the user’s capability to survey 
them and reach a decision (Felfernig et al., 2007).

The term “Recommender Systems” includes all software tools and techniques that provide suggestions 
for items most likely to be interesting to users or relevant to their needs (Rocco et al., 2011; Konstan, 
2004). “Item” is the general term used to denote what the system recommends to users. A recommender 
system normally focuses on a specific type of item (e.g., CDs, books, movies, or news) and accordingly 
its design, its graphical user interface, and the core recommendation technique used to generate the 
recommendations are all customized to provide useful and effective suggestions for that specific type 
of item (Rocco et al., 2011). Interest in recommender systems has dramatically increased owing to the 
demand for personalization technologies from large and successful e-commerce applications such as 
amazon.com, netflix.com and tripadvisor.com (Felfernig et al., 2007). Nowadays recommender applica-
tions suggest everything from news, web sites, CDs, books, and movies to more complex items such as 
financial services, digital cameras, or e-government services.
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Despite having their roots in information retrieval, from the mid-1990s recommender systems have 
become an independent research area of their own (Gedikli, 2013). According to Konstan (2004) rec-
ommender systems were developed to address two challenges that could not be addressed by existing 
keyword-based information filtering systems. First, they deal with the problem of overwhelming numbers 
of on-topic documents (all of which would be selected by a keyword filter) by filtering based on human 
judgement about the quality of those documents. Second, they addressed the problem of filtering non-
text documents, such as music and images, based on human taste.

Having introduced the notion of recommender systems, it is convenient to define the recommendation 
problem more precisely. Supposing U = {u1, ..., un} is the set of users and I = {i1, ..., im} is the set of items 
that can be recommended to the users. Furthermore let r̂ : U × I → S be a utility function which measures 
the usefulness ˆ

,
r
u i

 of item i to user u and returns a ranking in a totally ordered set S consisting of real 
numbers or nonnegative integers. In the recommender system literature the utility of an item is usually 
represented by a rating value that represents the degree a particular user likes a given item. According 
to Gedikli (2013) the recommendation problem consists of selecting for each user u ∈ U a not-yet-rated 
item i´u ∈ I that maximizes the utility function r̂ :
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Since the utility function of equation (1) is used to predict the interest of a user in a particular item,
�̂r  could be considered as a prediction function. Therefore �̂

,
r
u i

 stands for the predicted rating value of 
user u for item i. In this context, the user u is called target user and the item i is called target item. The 
target user is also known as the active user.

Recommender systems process various kinds of data in order to build their recommendations. As a 
general classification these data refer to three kinds of objects: items, users, and transactions (relations 
between users and items) (Rocco et al., 2011).

• Items: They are the objects that are recommended. They may be characterized by their complex-
ity and their value or utility. For instance, in the case of a news item the complexity is determined 
by its structure, the textual representation, and its time-dependent importance. The value of an 
item may be positive if the item is useful for the user or negative if the item is not appropriate and 
the user made a wrong decision when selecting it.

• Users: Users of a recommender system usually have different goals and characteristics. 
Recommender systems exploit a range of information about the users in order to personalize the 
recommendations and the human-computer interaction. User data constitutes the user model or 
user profile that encodes her/his preferences and needs. The user model always plays a central 
role because no personalization is possible without a convenient user model (Rocco et al., 2011). 
Since a user model may include relations between users (such as the trust level of these relations), 
recommender systems might recommend items based not only on preferences and needs but also 
based on relations.
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• Transactions: They are data that store important information generated during the interaction be-
tween a user and the recommender system. These data are useful for the recommendation genera-
tion algorithm that the system is using. For instance, a transaction log may contain a reference to 
the item selected by the user and a description of the context for that particular recommendation. 
A transaction may also include an explicit or implicit feedback the user has provided. Ratings are 
the most popular form of feedback that a recommender system collects. In the explicit collection 
of ratings, the user is asked to provide her/his opinion about an item on a rating scale. In contrast, 
when dealing with implicit ratings the system aims to infer the opinion of the users based on the 
user’s actions.

Previously it was mentioned that in a recommendation system the core recommendation technique 
used to generate the recommendations is customized to provide useful and effective suggestions for a 
specific type of item. Depending on the way the core function is implemented, it is possible to distinguish 
between six classes of recommender systems (Rocco et al., 2011):

• Content-Based: The system recommends items that are similar to the ones that the user liked in 
the past (Rocco et al., 2011). The similarity of items is calculated based on the features associ-
ated with the compared items. A content-based recommender system suggests all items on the 
basis of purchasing or activities information available from the current user, yet it cannot provide 
serendipitous recommendations (Felfernig et al., 2007). Content-based recommendation has two 
advantages: it does not require large user groups to achieve reasonable recommendation accu-
racy, and new items can be recommended once item attributes are available (Jannach, Zanker, 
Felfernig, & Friedrich, 2011).

• Collaborative Filtering: This approach recommends to the active user the items that other users 
with similar tastes liked in the past (Rocco et al., 2011). These systems suppose that if users shared 
the same interests in the past (if they viewed or bought the same books, for example) they will also 
have similar tastes in the future (Jannach et al., 2011). Therefore, if user A and B have a purchase 
history that overlaps strongly and user A has recently bought a book that B has not yet seen, the 
basic rationale is to propose this book also to B. Collaborative filtering is considered to be the 
most popular and widely implemented technique in recommender systems (Rocco et al., 2011).

• Demographic: This type of system recommends items based on the demographic profile of the 
user (age, language, country and so on) since they assume that different recommendations should 
be generated for different demographic niches (Rocco et al., 2011).

• Knowledge-Based: Some application domains, such as consumer electronics and financial ser-
vices, involve large numbers of one-time buyers. This means that it is impossible to rely on the 
existence of a purchase history, a prerequisite for collaborative and content-based filtering ap-
proaches (Jannach et al., 2011). Nevertheless, more detailed and structured content (including 
technical and quality features) may be available to support the selection of appropriate items. 
Knowledge-based systems exploit that additional knowledge because they generate recommen-
dations based on specific domain knowledge about how certain item features satisfy needs and 
preferences of users and, ultimately, how the item is useful for the user (Rocco et al., 2011). In 
knowledge-based approaches the explicit representation of knowledge lets recommender systems 
calculate solutions that fulfill certain requirements of customers, as well as it lets explain solutions 
to customers and support customers when the system can’t find a solution (Felfernig et al., 2007).
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• Community-Based: Since evidence suggests that people tend to rely more on recommendations 
from their friends than on recommendations from similar but anonymous individuals, this type 
of system recommends items based on the preferences of the user’s friends (Rocco et al., 2011). 
Community-based recommender systems need to acquire and model information about the social 
relations of the users and the preferences of the user’s friends (Rocco et al., 2011).

• Hybrid Recommender Systems: These recommender systems combine two or more of the above 
mentioned techniques so as to use the advantages of one technique and fix the disadvantages of 
other ones (Rocco et al., 2011). For example, collaborative filtering methods suffer from new-item 
problems, i.e., they cannot recommend items that have no ratings (Rocco et al., 2011). However, 
this does not limit content-based approaches since the prediction for new items is based on their 
description that is typically easily available.

It is also worth noting that sometimes the user utility for an item depends on contextual variables 
(Rocco et al., 2011). For instance, the utility of an item for a user can be influenced by the domain 
knowledge of the user (e.g., expert vs. beginning users of a notebook), or can depend on the time when 
the recommendation is requested. Also, the user could be more interested in items (e.g., a restaurant, 
a supermarket or a museum) closer to his current location. When recommendations must be adapted 
to these specific additional details of contextual variables, it becomes harder and harder to correctly 
estimate what the right recommendations are (Rocco et al., 2011).

At first glance it might seem that the multi-agent model described in this chapter should be imple-
mented as a content-based recommender system because the aim is to suggest learning materials that 
help students to solve their lack of knowledge about certain topics. Nonetheless, there are factors such 
as nationality and learning style that influence the kind of study material that is most appropriate for a 
student or student group. On the one hand, in collaborative learning courses o activities with international 
students it is very common that all members of a group do not share a native language or that students 
do not have the same level of proficiency of the language in which the course is taught. On the other 
hand, it is known that the type of learning material most suitable for each person is strongly influenced 
by their learning style (Felder & Silverman, 1988). This means that a combination of knowledge-based, 
content-based and demographic recommendation techniques would be the most suitable approach to 
suggest learning materials that are relevant to interests and needs of students. Additionally it might be 
useful to include in the student model contextual issues such as device type (notebook, PC, smartphone, 
etc.), speed connection, knowledge level, and so on. Suppose for example a scenario where a student 
with visual learning style accesses to the CSCL environment through a mobile device with 2G connec-
tion. In spite of being a video a suitable kind of learning material for the visual learning style, the long 
download time of the video with a 2G connection could lead to replace the video with a web page full 
of text and drawings because this type of content would load faster.

Methods for Searching Multilingual Documents

Multilingual Information Retrieval (MIR) is a sub-domain of Information Retrieval that addresses the 
problem of making queries in a certain language and retrieving documents in several languages (Korra, 
Sujatha, Chetana, & Kumar, 2011). The most commonly used strategy for solving this problem is trans-
lation. Since the language of the query differs from the documents and it is necessary to compare the 
performance of the query representation with the documents representation to establish how similar they 
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are, we should decide between translating the query to the language of the documents or translating the 
documents to the query language (Korra et al., 2011). The translation of documents or the query can 
be done by using translation resources such as bilingual dictionaries, machine translation systems, and 
parallel corpora.

• Dictionary-Based Translation: Machine-readable bilingual dictionaries have become increas-
ingly available and are often used in the translation modules of MIR engines. A dictionary-based 
approach to translation is relatively simple (when compared to other alternatives) but suffers 
from two major weaknesses: ambiguity and lack of coverage (Zhou, Truran, Brailsford, Wade, 
& Ashman, 2012). Bilingual dictionaries usually contain multiple translations for any given term 
and selecting the “correct” translation from a list of competing candidate terms is a crucial but 
nontrivial task (Zhou et al., 2012). Solutions to this selection task have specialized toward two mu-
tually exclusive techniques: single selection translators and multiple selection translators. While 
single selection translators try to find the single best translation for each term, multiple selection 
translators are open to the possibility of more than one translation of each term and address the 
issue of ambiguity via the reweighting of terms (Zhou et al., 2012). Regarding vocabulary cover-
age, certain types of words (e.g., newly coined terms, technical terms, compound words, proper 
names, acronyms, and abbreviations) are under-represented in bilingual dictionaries. These out-
of-vocabulary (OOV) terms can severely degrade the retrieval effectiveness of a MIR engine 
(Zhou et al., 2012).

• Machine Translation (MT): It is the automatic translation of free-text from one natural language 
to another. MT systems have become extremely popular in MIR over the last years due to the wide 
availability of MT systems and the linguistic resources required to train them (Zhou et al., 2012). 
In spite of this recent popularity and excellent results obtained in experiments, MT systems are 
still some distance from solving the MIR problem. First of all, the effectiveness of statistical MT 
systems is heavily dependent on the languages involved. For resource-poor languages (e.g., Thai) 
or language pairs with little in common (e.g., English and Chinese), MIR effectiveness can be as 
low as 50 percent of the monolingual baseline (Zhou et al., 2012). Secondly, the output of a MT 
system is usually one word per term. This sort of literal mapping ignores the availability of mul-
tiple expressions in the target language, leaving some translations incomplete (Zhou et al., 2012). 
Finally, MT systems generally pay too much attention to syntactic structure, which is unimportant 
when translating queries (Zhou et al., 2012). Furthermore, OOV terms often have a significant 
impact on retrieval effectiveness, but are usually ignored by MT systems (Zhou et al., 2012).

• Corpus-Based Translation: A parallel text is a document written in one language and presented 
next to its translation in another. Large collections of parallel texts are referred to as parallel cor-
pora. When using parallel corpora for translation, the basic technique involves a side-by-side anal-
ysis of the corpus and the production of a set of translation probabilities for each term (Zhou et al., 
2012). One of the main disadvantages of the corpus-based approach to translation is the difficulty 
in obtaining suitable document collections. Parallel corpora can be extremely time-consuming to 
produce, even when restricted to specific information domains (Zhou et al., 2012).

Considering the shortcomings of translation methods that have been used in MIR and that it is in-
tended to recommend study materials written in more than one language, a strategy or mechanism to 
search for learning resources, without translating neither the query nor the study materials, is needed. It 
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is considered that a possible solution to this dilemma could be the inclusion of Lucene as a component 
of the “Study Materials Searching” agent in the multi-agent model shown in Figure 3. Lucene has word 
processing resources that are independent of language as well as language-specific resources. Therefore, 
it is necessary to establish which resource or combination of resources allows Lucene to search on an 
inverted index built from documents written in more than one language.

The fact of working with study materials written in more than one language is one of the most chal-
lenging aspects of the development process of the “Study Materials Searching” agent because it raises 
questions such as: Should we use analyzers for each language?, should we use a generic parser that is 
independent of the language?, should we build a single index for all languages or a separate index for 
each language?, should we allow to search by language?, among others.

Related Work

Considering that in the e-learning domain there are a number of context variables (such as user attri-
butes, domain characteristics, and what kind of learning is desired) that should be considered before 
a recommender system is deployed, simply transferring a recommender system from an existing (e.g. 
commercial) content to e-learning may not accurately meet the needs of the targeted users (Nikos Ma-
nouselis, Drachsler, Vuorikari, Hummel, & Koper, 2011). For this reason, in this subsection we focus our 
discussion on recommender systems that have been introduced in order to propose learning resources to 
students or teachers. Table 1 summarizes some work that are related to the multi-agent model presented 
in this chapter.

In spite of all research projects shown in Table 1 argue that they seek to recommend learning resources 
(clues, explanations, bibliographic material, activities, etc.), the proposal of Reuter and Durán (2014) 
cannot really be considered a recommender system but rather a framework in which the use of informa-
tion search and retrieval techniques prevails. Reuter and Durán (2014) assume that the active student 
will be able to erase all his/her doubts if he/she is shown similar questions made previously by other 
students, yet Reuter and Durán (2014) do not know if the answers to those questions allowed students 
erase their doubts in the past. This means that Reuter and Durán (2014) did not incorporate explicit or 
implicit feedback mechanisms in order to evaluate the usefulness of answers that peers of the active stu-
dent or even the teacher gave. Other limitation of this research is that the user profile was not considered, 
therefore no recommendation system is possible. In the rest of the projects summarized in Table 1 it can 
be seen that it is quite common the use of a hybrid approach to generate the recommendations, i.e., the 
combination of recommendation techniques. Regarding the use of the software agent technology, Souali 
et al. (2011) included two software agents: one for extracting terms and keywords from the learner’s 
request and the other for recommending the suitable resources (direct responses, lessons, explanations, 
or even clues) that would meet his/her needs. While Dascalu et al. (2015) incorporated a software agent 
that offers suggestions of educational bibliographic materials and tools in order to help the learner to 
better navigate through educational resources.

A general observation that can be noted from Table 1 is that Reuter and Durán (2014) and Abel et al. 
(2010) are the only ones that consider the communication between students in order to suggest learn-
ing resources. In the rest of the research works suggestions are made based on the analysis of students’ 
search string (Rodríguez et al., 2015; Souali et al., 2011), evaluation of users about the utility of learning 
resources (Ghauth & Abdullah, 2009; Manouselis et al., 2010), navigation history (Khribi et al., 2008), 
the activities of users in the e-learning platform (Dascalu et al., 2015; Klašnja-Milićević et al., 2011). 
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Considering only the use of tools for communication between students, the multi-agent model described 
in this chapter approaches the work of Reuter and Durán (2014) due to the interaction between students 
occurs through an interface based on free text and an analysis of the interaction process is performed 
with text mining. Nevertheless, unlike Reuter and Durán (2014) in the multi-agent model described in 
the following section the user is not required to explicitly indicate his or her information need because the 
Lack of Knowledge Detector agent (see Figure 3) should be able to identify shortcomings in knowledge 
based on analysis of group chats.

Table 1. Comparison of recommender systems for e-learning

Research Projects Description Techniques Communication Type of 
Support

Reuter & Duran 
(Reuter & Durán, 
2014)

A recommendation framework that aims to 
assist students in solving their doubts about 
topics of a university course, through a 
process that leverages questions and answers 
raised previously by other students taking the 
same course.

Text mining. 
Information search and retrieval.

Forum Student

Souali et al. (Souali 
et al., 2011)

A recommender system capable of analyzing 
the learners’ requests and providing 
them with the most appropriate learning 
resources (direct answers, courses, clues or 
explanations) that meets their needs.

Software agents. 
Content-based recommendation 
Information search and retrieval.

--- Student

Ghauth & Abdullah 
(Ghauth & Abdullah, 
2009)

A framework that works on the idea of 
recommending learning materials based 
on the similarity of content items and good 
learners’ average rating strategy.

Content-based recommendation 
Recommendation based on good 
learners’ average ratings.

--- Student

CELEBRATE 
(Manouselis, 
Vuorikari, & Van-
Assche, 2010)

A learning resources’ collaborative filtering 
service for an online community of teachers 
in Europe.

Collaborative filtering based on 
multi-attribute.

--- Teacher

Khribi et al. (Khribi, 
Jemni, & Nasraoui, 
2008)

It computes on-line automatic 
recommendations to an active learner based 
on his/her recent navigation history, as well 
as exploiting similarities and dissimilarities 
among user preferences and among the 
contents of the learning resources.

Web usage mining techniques 
(clustering and association rule 
mining) 
Information search and retrieval. 
Content-based and collaborative 
filtering.

--- Student

Comtella-D (Abel et 
al., 2010)

A generic personalization framework for the 
e-learning focused discussion forum.

Collaborative filtering. 
Ontologies. 
Rubed-based recommendation.

Forum Student

Protus (Klašnja-
Milićević, Vesin, 
Ivanović, & 
Budimac, 2011)

A recommender system that suggests online 
learning activities to learners based on their 
learning style, knowledge and preferences.

Clustering. 
Sequential pattern mining. 
Collaborative filtering.

--- Student

Rodríguez et al. 
(Rodríguez, Duque, 
& Ovalle, 2015)

A knowledge-based recommender systems 
that uses a clustering technique in order 
to suggest learning objects according to 
learning style, evaluation by other users and 
students prior knowledge.

Knowledge-based 
recommendation. 
Clustering.

--- Student

U-learn (Dascalu et 
al., 2015)

A recommender agent that suggests learning 
materials and learning tools according to 
students’ profile and learning styles.

Software agents. 
Collaborative-filtering.

--- Student
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Paying attention to the column titled “Type of support” in the Table 1 one can notice that the nine 
recommender systems were designed so as to help students or assist teachers. Therefore, the proposed 
multi-agent model differs from the systems of Table 1 when considering support to collaboration. Learn-
ing resources suggested by the Study Materials Recommender agent (see Figure 3) aim that students can 
overcome any doubts or difficulties with topics that are required to complete a task or learning activity, 
and that way they contribute to improve the process of group learning.

MODEL FOR RECOMMENDATION OF STUDY MATERIAL

As it was previously mentioned manual analysis of group’s interactions should allow teachers to identify 
difficulties during the learning process. Nevertheless, processing by hand information recorded by CSCL 
systems is extremely time intensive for two reasons. First, developing the coding schemes with categories 
(type of learning problems, skills, behavior, and so on) that can be assigned to actions, messages, inter-
actions, etc., of students is a lengthy process requiring several iterations of development, revision, and 
improvement until human analysts can apply them reliably (Dönmez et al., 2005). Second, the tedious 
part of manual analysis worsens as the number of students and exchanged messages grows and it is very 
difficult to follow the thread of discussion, the flow of ideas, and contributions of each student (Chen, 
2006; Dönmez et al., 2005; Rosé et al., 2008).

Considering what was stated in the previous paragraph, Figure 3 shows a schema of the multi-agent 
model proposed to automatically detect weaknesses in students’ knowledge and recommend study mate-
rial, which can help fill in those gaps in the knowledge of students.

Figure 3. Graphical representation of multi-agent model for study material recommendation
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In the model there is a Lack of Knowledge Detector agent that monitors group interactions in order 
to identify issues or contents that create difficulties or doubts in students and that are required to com-
plete an activity. To examine the interactions in search of knowledge gaps text mining techniques can be 
used, also a simpler approach based on keywords might be applied. With the second alternative phrases 
such as “I have doubts”, “It is not clear”, “I do not understand”, “This technique is very complicated”, 
etc., would be saying that students have difficulties with the topics covered by the underlying course or 
activity. When analyzing the group communications the Lack of Knowledge Detector agent also needs 
to consider the Required Knowledge and some Method for recognizing lack of knowledge in order to 
distinguish situations where the keywords (in case you use this technique) indicate and do not indicate 
missing knowledge. It could be the situation where a student does not know a topic but one of his col-
leagues has previous knowledge on it.

Once the lack in the knowledge of students is detected, the Lack of Knowledge Detector agent in-
forms the e-tutor and Study Materials Recommender agent the theme or content that students should 
learn. After being notified of a lack of student knowledge, the Study Materials Recommender agent will 
consult the Study Material Searching agent about study materials that contain information on the topic 
that students need to learn. Once the searching agent indicates the learning material that could be use-
ful to students, the Study Materials Recommender agent will select material considering the profile of 
the group (learning styles, native language, disabilities, etc.) and the history of recommendations. After 
making the selection, the Study Materials Recommender agent will contact the student group to suggest 
materials that could be consulted. In addition to intervening at the request of the Lack of Knowledge 
detector agent the Study Material Searching agent is activated when students wish to seek learning 
materials on a particular topic.

The Study Material Searching agent will be responsible for pre-processing queries of both students 
and the Study Materials recommender agent (identifying tokens, removing stop words, making conver-
sion to lowercase, etc.). To index the study materials and search the inverted index, the Study Materials 
Searching agent will use Lucene for the analysis and retrieval of information on study materials written 
in more than one language.

A remarkable feature of the proposed multi-agent model is that the recognition of knowledge gaps 
will be done non-intrusively, i.e. the group dynamics is not affected. Assessing the level of knowledge 
of students is usually done with techniques such as questionnaires (Shishehchi, Banihashem, & Zin, 
2011), but this method implies that students deviate from the activities being undertaken to focus on 
answering the questionnaire.

SEARCH IN MULTILINGUAL DOCUMENTS USING LUCENE

As mentioned in the introduction, this study is intended to assess the capabilities of Lucene to analyze 
and retrieve information about learning materials written in more than one language. While the idea 
is that the study materials can be written in several languages and be of multiple types (power point 
presentations, monographs, web pages, etc.), as an initial assessment of Lucene we chose to work only 
with information on books written in English and Spanish. Specifically, we considered about 200 books 
belonging to the library of the Department of Informatics, Faculty of Sciences and Technologies (FCEyT) 
at National University of Santiago del Estero, Argentina (UNSE). Of those 200 books, 76% are written 
in Spanish and the remaining 24% in English. In the subsections below we define the fields that are part 
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of the inverted index, the fields that can be searched are detailed, the notion of relevance is introduced 
together with the metrics used to evaluate the results of the searches, and the results of experimentation 
with various Lucene analyzers and filters are described.

Definition of Index Fields

In the library of the Department of Informatics, for each book a plain text file containing the following 
information is kept:

• Authors: Name of the authors separated by comma.
• Title: Title under which the book was published.
• Editorial: Name of the publisher.
• Year: The year in which the book was published.
• Originals Quantity: Number of copies of the book the library has.
• Original Code: Alphanumeric code that locates the book on the shelves of the library.
• ISBN: The ISBN number could be registered with digits separated by dashes or digits without 

dashes.
• Date Added to Library: Date when the book was acquired.
• Index: Table of contents of the book.

Based on the plain text files that contain information about the books we had to determine which 
fields were to be indexed and which were to be stored without indexing. In the process of defining the 
fields the first objective was to reduce the size of the index, so that the information sent by the Study 
Materials Searching agent is kept to a minimum, both in response to queries sent by the Study Materi-
als Recommender agent and those made by students. Once the information from plain text files was 
analyzed, we found that the inverted index had to contain the path and language fields. The path field 
specifies the location of the text file with information about the book. This field allows access to the 
ISBN number and the table of contents when the user wants to see more details of a particular book. The 
language field indicates the language in which the text file is written. Table 2 shows the characteristics 
of the fields with information about the books that are part of the inverted index.

Fields Employed to Search the Inverted Index

Only four out of eight inverted index fields described in Table 2 were employed to seek information 
about books. Detail of searches that can be performed by author name, book title, contents, and ISBN 
number are given below.

In queries by author name, we considered that the inverted index should contain occurrences not only 
equal to the text of the query but also similar to it. The search for similar names is possible thanks to a 
fuzzy search operator (~) that calculates the similarity of terms based on the algorithm of Levenshtein 
distance (Hatcher & Gospodnetic, 2005). With the addition of fuzzy search operator the syntax to search 
by author name is: “Authors: AuthorName OR Authors: AuthorName ~”.
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When searching for the title field the fuzzy operator search was also used, therefore, the expression 
for the title search would be: “Title: BookTitle OR Title: BookTitle ~”.

Through an expression of the type “ISBN: BookISBN OR ISBN: BookISBN~” exact and approxi-
mates matches are searched for the ISBN number field.

The most complex type of query performed is done by keywords, because it involves considering the 
fields Author, Title, ISBN and Index, and determining the presence of terms that are part of the query. 
This means that keyword actually does not refer to a field but rather includes a number of fields. With 
the addition of the fuzzy search operator, search by keywords has the following structure: “(Authors: 
keyword OR Authors: keyword ~) ^ 1.6 OR (Title: keyword OR Title: keyword ~) ^ 2 OR (Index: key-
word OR Index: keyword ~) ^ 1 OR (ISBN: keyword OR ISBN: keyword ~) ^ 1.3”.

The ^ operator (boosting operator) was included in the above expression to ensure a variation of the 
importance given to documents retrieved by the search depending on the field in which query terms ap-
pear. The use of boosting may require a study in a real use scenario to determine which field or aspect 
of the book information users give greater importance, or use more frequently to perform searches. 
Nevertheless, in this chapter, we consider that in the search results books that contain the query terms in 
the Title field should appear first, followed by books where the query terms appear in the Authors and 
ISBN number fields, and finally the books that have the query terms in the Index field.

Table 2. Description of the fields in the inverted index

Field Features

Authors Type of field: TextField 
Field.Store.YES: as search result, the authors of the books are shown to users. 
Field.Index.YES: searches based on the authors of the books are made.

Title Type of field: TextField 
Field.Store.YES: as search result, the title of the books is shown to users. 
Field.Index.YES: searches based on the title of the books are made.

ISBN Type of field: StringField 
Field.Store.NO: the ISBN of the books is not shown to users as search result 
Field.Index.YES: searches based on the ISBN of the books are made.

Year Type of field: StringField 
Field.Store.YES: as search result, the year of publication of the books is shown to users. 
Field.Index.NO: no searches are made with this field.

Index Type of field: TextField 
Field.Store.NO: the index of the books is not shown to users as search result. 
Field.Index.YES: searches based on the content index are made.

Editorial Type of field: StringField 
Field.Store.YES: as search results, the editorial is shown to users. 
Field.Index.NO: it is only necessary to recover the name of the publisher of each book and no searches are done with 
this field.

Path Type of field: StringField 
Field.Store.YES: the inverted index stores the path to access the text file that contains information of each book, but 
this is not shown to users. 
Field.Index.NO: no searches are made with this field.

Language Type of field: StringField 
Field.Store.NO: the language in which the book is written is not shown to users. 
Field.Index.YES: searches can be made using this field.
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Evaluation of Search Results Considering Relevance

Determining the relevance of query results is a subjective task that depends on factors such as: being of 
the correct topic, being appropriate in time, coming from a reliable source, and satisfying user goals. This 
indicates that a good assessment of the relevance of the results obtained by the Study Material Search-
ing agent should be performed with real users, i.e. students working in a CSCL environment. Since we 
did not have the possibility of an evaluation with real users, to compare the different resources provided 
by Lucene for information retrieval, we considered the following two notions of relevance that are less 
subjective than considering whether the results are useful for the intended use of the user:

• A document is relevant if the words in the query appear frequently in the document, in any order.
• If the words in the query do not appear frequently in the document, we consider that the document 

is relevant when there is not a difference higher than 30% among the characters in the query and 
the characters in the document words.

Table 3 illustrates the notion of relevance with a query using author name and its results. Bold char-
acters in the second column of Table 3 represent characters in the author name of retrieved documents 
that match the query string. In this example title field is not relevant to assess relevance due to search 
is made by author name.

Analyzer Selection Process

This subsection introduces, first, the metrics used to evaluate the results obtained from Lucene to dif-
ferent test queries. Next, the values of these metrics for different analyzers, filters, and combinations 
of filters and analyzers are presented. Analyzers are resources of Lucene whose work is to parse each 
field of data into indexable tokens or keywords. While filtering is a mechanism of narrowing the search 
space, allowing only a subset of the documents to be considered as possible query matches (Hatcher & 
Gospodnetic, 2005). They can be used to implement search-within-search features to successively search 
within a previous set of query match or to constrain the document search space for security or external 
data reasons (Hatcher & Gospodnetic, 2005). For instance, a security filter allows users to only see search 
results of documents they own even if their query technically matches other documents that are off limits.

Table 3. Examples of the notion of relevance

Query Search results % Matching Relevant?

James Baeza Author: Baeza James
Title: Administracion. 6ta Edicion

100% Yes

Author: Arnold Ken, Baeza Jane
Title: Object-Oriented Simulation: Reusability, Adaptability, 
Maintainability

80% Yes

Author: Senn James A.
Title: Análisis y Diseño de Sistemas de información

50% No

Author: Hammer Michael, Baez Marian
Title: Reingeniería

40% No
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Evaluation Metrics

To compare search results obtained by applying different analyzers and filters available in Lucene the 
precision and recall metrics (Konchady, 2008) were used. Precision refers to the fraction of retrieved 
documents that are relevant to the query, i.e. the portion of retrieved documents that comply with the 
notion of relevance introduced in section Evaluation of Search Results Considering Relevance. Mean-
while, the recall indicates the fraction of relevant documents retrieved among all relevant documents 
stored in the inverted index.

The values of precision and recall metrics were calculated from 86 test queries designed to assess the 
capabilities of Lucene. These test queries are distributed as follows: 15 to evaluate searches by Authors 
field, 15 to evaluate searches by Title field, 8 to evaluate searches by ISBN field and 48 to evaluate 
keyword based searches.

Experimenting With Lucene Analyzers and Filters

This subsection describes a few experiments that were conducted with different analyzers and filters of 
Lucene in order to establish which combination allows reaching the best values for the precision and 
recall metrics.

Experiments With the StandardAnalyzer

The StandardAnalyzer breaks the text into tokens (through StandardTokenizer), converts it to lowercase 
(using LowerCaseFilter) and removes stop words (with StopFilter). During removal of stop words we 
replaced the Lucene stop words list with the stop words included in text mining software tm2. Table 4 
contains the value of precision and recall metrics obtained for different search fields when using Stan-
dardAnalyzer, as well as the average values for all the search fields.

Experiments With the SimpleAnalyzer

SimpleAnalyzer combines LowerCaseFilter with LetterTokenizer to convert text to lowercase and sepa-
rate it into tokens. Table 5 shows the precision and recall for test queries when documents and queries 
are processed with SimpleAnalyzer.

Table 4. Precision and recall values for queries 
using Standard Analyzer

Search field Precision Recall

Authors 0,700925926 0,916667

Title 0,159775154 0,966667

ISBN 1 0,875

Keyword 0,445478933 0,764238

Average 0,576545003 0,880643

Table 5. Precision and recall values when using 
SimpleAnalyzer

Search field Precision Recall

Authors 0,700925926 0,916667

Title 0,070947866 0,966667

ISBN 1 0,875

Keyword 0,516419024 0,755558

Average 0,572073204 0,878473
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SimpleAnalyzer differs from StandardAnalyzer in that it does not include the operation of removing 
stop words. In order to determine whether the removal of stop words led to the same precision and recall 
values shown in Table 5, we combined StopFilter and SimpleAnalyzer. To achieve this combination 
we had to create an extension of the Analyzer class that includes the functionality of LowerCaseFil-
ter, StopFilter, and LetterTokenizer in one analyzer. Table 6 shows the precision and recall values for 
SimpleAnalyzer, when considering stop words removal in English, while Table 7 shows the results when 
Spanish and English stop words are deleted.

Experiments With the SnowballAnalyzer

Using SnowballAnalyzer the text of a document is converted to lowercase (LowerCaseFilter) and stop 
words are removed (StopFilter). SnowballAnalyzer not only recognizes the different types of tokens 
present in the documents (StandardTokenizer) but also replaces the tokens by its root or stem form. For 
example, the words “consist”, “consisted”, “consistency”, “consistent”, “consistently” and “consisting” 
are reduced to stem “consist”. Since SnowballAnalyzer provides stemming algorithms specific to each 
language, Spanish documents were processed with the stemming algorithm for Spanish, while English 
documents were processed with the stemmer for English. Table 8 shows the values of precision and 
recall for searches using SnowballAnalyzer.

Table 6. Precision and recall values when com-
bining SimpleAnalyzer with English stop words 
removal

Search field Precision Recall

Authors 0,788888889 0,916667

Title 0,159672472 0,933333

ISBN 1 0,875

Keyword 0,524958534 0,743405

Average 0,618379974 0,867101

Table 7. Precision and recall values when com-
bining SimpleAnalyzer with English and Spanish 
stop words removal

Search field Precision Recall

Authors 0,722222222 0,916667

Title 0,191201343 0,9

ISBN 1 0,875

Keyword 0,623178033 0,715014

Average 0,6341504 0,85167

Table 8. Precision and recall values when using SnowballAnalyzer

Search field Precision Recall

Author 0,744444444 0,916667

Title 0,121646835 1

ISBN 1 0,875

Keyword 0,445848036 0,823365

Average 0,577984829 0,903758
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Experiments With the SpanishAnalyzer

The fact that SpanishAnalyzer has algorithms for tokenizing and stemming that are specific to the Span-
ish language offers advantages when processing texts in Spanish. However, applying these algorithms 
to documents in English can lead to unpredictable results. For this reason, we decided to process docu-
ments in Spanish with SpanishAnalyzer and apply StandardAnalyzer to documents in English. During 
the stop words removal SpanishAnalyzer considered the list of stop words in Spanish included in the tm 
software while StandardAnalyzer was based on English stop words of tm. The values of the two relevant 
evaluation metrics applied to the results of the searches performed by combining SpanishAnalyzer with 
StandardAnalyzer are included in Table 9.

Experiments With the EnglishAnalyzer and SpanishAnalyzer

The last combination of analyzers we evaluated was EnglishAnalyzer and SpanishAnalyzer. Each of 
these analyzers has tokens decomposition and stemming algorithms specific for each language. For this 
reason, Spanish documents were analyzed with SpanishAnalyzer and English documents were processed 
with EnglishAnalyzer. The results for precision and recall are shown in Table 10.

Comparison of Results

Figures 4 and 5 show the average precision and recall values for experiments conducted with Standar-
dAnalyzer, SimpleAnalyzer, SnowballAnalyzer, SpanishAnalyzer, EnglishAnalyzer and SpanishAna-
lyzer of Lucene. Analyzing these two figures, we can say that there are no substantial differences in the 
relevance of search results when you use one or another analyzer. The recall is always higher than 0.85, 
therefore we can say that with any of the analyzers or combination of analyzers it is possible to recover 
almost all of the documents that are relevant to the query. The precision in most cases is lower than 0.6, 
and while this value is acceptable, it indicates that about 40% of the results displayed to users are not 
relevant to their query.

Considering only the precision values in Figure 4, SimpleAnalyzer outperforms other analyzers be-
cause about 0.63 of results are relevant. The values in Tables 5, 6, and 7 clearly indicate that the removal 
of stop words improves the precision of searches because, with the addition of stop words removal in 
Spanish and English, it increased from 0.57 (SimpleAnalyzer without stop words removal) to 0.63. In 
turn, this increase in precision does not decrease recall values (see Figure 5).

Table 9. Precision and recall values when using 
SpanishAnalyzer and StandardAnalyzer

Search field Precision Recall

Author 0,744444444 0,916667

Title 0,115749151 0,933333

ISBN 1 0,875

Keyword 0,486102754 0,79584

Average 0,586574087 0,88021

Table 10. Precision and recall values when using 
SpanishAnalyzer and EnglishAnalyzer

Search field Precision Recall

Author 0,744444444 0,916667

Title 0,128336196 1

ISBN 1 0,875

Keyword 0,461371392 0,802119

Average 0,583538008 0,898446
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A review of the values in Tables 4 to 10 shows that while the precision for queries using the Title 
field does not exceed 0.19, in searches with the rest of the fields precision is always greater than 0.44. 
This means that queries for the Title field are a kind of Achilles heel for any of the analyzers. In order to 
improve the precision of searches using Title we decided to apply the Porter stemming algorithm (Hatcher 
& Gospodnetic, 2005) instead of the stemming algorithms used by SnowballAnalyzer, EnglishAnalyzer 
and SpanishAnalyzer. The results of these new experiments are discussed in the next subsection.

Figure 4. Precision for searches with different analyzers

Figure 5. Recall for searches with different analyzers
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Improving Precision With PorterStemFilter

For improving the precision of searches based on the Title field when both documents and queries are 
subjected to the Porter stemming algorithm (PorterStemFilter), an extension of Lucene Analyzer class 
was created. Through this extension PorterStemFilter with LowerCaseTokenizer, StandardTokenizer, 
StopFilter, and LowerCaseFilter were combined. The metrics of precision and recall for results of searches 
that were made by coupling the four above-mentioned resources to PorterStemFilter are shown in Table 11.

The two cells with bold numbers in Table 11 show the highest precision and recall values that could 
be reached when using Title for searching. As it can be seen the most suitable strategy for improving 
the effectiveness of searches by title involves applying PorterStemFilter with StandardTokenizer and 
StopFilter (considering Spanish and English stop words). The precision value of 0.28 on the highlighted 
cell represents an increase of 47% taking into account that with the rest of the analyzers we obtained 
a maximum value of 0.19. Meanwhile, the recall is maintained within the values achieved with other 
analyzers.

Analyzing the fourth column of Table 11, we thought that PorterStemFilter with StandardTokenizer 
improved the relevance of search results, at least for the Title field, because this combination had been 
generated an inverted index that had higher amount of terms that the indices created by combining Por-
terStemFilter with other filters. However, in Figure 6 it is clearly shown that there is no direct relationship 
between the number of index terms and the relevance of search results. Precision can either improve or 
worsen with increasing the number of terms in the index.

Having it determined that the combination of PorterStemFilter with StandardTokenizer and StopFilter 
(with stop words removal in English and Spanish) improves the relevance of search results by title, we 
applied this combination of filters to search by author, ISBN and keyword in order to check whether 
the effect this combination had had in searches by title still remained. Table 12 reflects the values of 
precision and recall in searches by author, ISBN and keyword.

Table 11. Precision and recall values for searches by Title using PorterStemFilter

Combination of Filters Precision Recall Number of Terms 
in the Index

PorterStemFilter – LowerCaseTokenizer 0,060297548 0,9 11763

PorterStemFilter-LowerCaseTokenizer- StopFilter with English stop words 
removal

0,118608388 1 11573

PorterStemFilter-LowerCaseTokenizer- StopFilter with Spanish and English 
stop words removal

0,154940214 1 11385

PorterStemFilter- StandardTokenizer 0,145454926 0,966667 20345

PorterStemFilter-StandardTokenizer–LowerCaseFilter 0,068436596 1 15863

PorterStemFilter-StandardTokenizer- LowerCaseFilter-StopFilter with English 
stop words removal

0,120936808 0,933333 15641

PorterStemFilter- StandardTokenizer - LowerCaseFilter - StopFilter with 
Spanish and English stop words removal

0,155218863 1 15489

PorterStemFilter – StandardTokenizer- StopFilter with English stop words 
removal

0,2369131 0,966667 19953

PorterStemFilter - StandardTokenizer - StopFilter with Spanish and English 
stop words removal

0,279647474 0,966667 19653
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Comparing Table 12 with the values in Table 7, we can observe that: the relevance of search results 
for Author also improved; there are no changes in search by ISBN; and there is a decrease in the accuracy 
of the results when using keywords that somewhat compensates with a small increase in the recall. The 
average precision and recall values of Table 12 are 3% higher than those achieved by SimpleAnalyzer 
(Table 7). Thus, it could be concluded that for information processing of books written in English 
and Spanish we should use: StandardTokenizer, StopFilter with English and Spanish stop words, and 
PorterStemFilter. However, the problem with this combination of resources provided by Lucene is that 
searches are case sensitive.

When StandardTokenizer, StopFilter and PorterStemFilter are used the text is not converted to low-
ercase. This means that if a user searches for the word “Sommerville” and then performs another query 
by replacing the letter “S” for lowercase equivalent, i.e. “somerville”, he can get completely different 
results. In fact, they will be results for the query “Sommerville” if the word “Sommerville” was present 
in the document collection and hence in the inverted index. Similarly, for the query “sommerville” are 
displayed books that have the word “sommerville” but not books in which the word “Sommerville” ap-
pears. SimpleAnalyzer does not suffer from the drawback of case sensitive searches because it converts 
the text to lowercase using LowerCaseFilter.

Figure 6. Relationship between precision and number of index terms for searches using title

Table 12. Precision and recall values when PorterStemFilter is combined with StandardTokenizer and 
StopFilter

Search Field Precision Recall

Author 0,788888889 0,916667

Title 0,279647474 0,966667

ISBN 1 0,875

Keyword 0,541919152 0,731982

Average 0,652613879 0,872579
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Based on the discussion in the preceding paragraphs, it is possible to conclude that the most appropri-
ate strategy is to process both documents (information from books) and queries using SimpleAnalyzer 
complemented with the removal of stop words in English and Spanish (StopFilter).

DESCRIPTION OF USER INTERFACE FOR THE 
PROPOSED MULTI-AGENT MODEL

The user interface proposed for the multi-agent model to recommend study material could be similar to 
that shown in Figure 7. On the left, a chat tool that would show users a list of group posts during a con-
versation and would give them the possibility of sending new messages. The Lack of Knowledge Detector 
agent is responsible for monitoring these messages and looking for evidence of a lack in the knowledge 
required to complete a task or activity. Once notified about the topic that causes difficulties or doubts to 
students, the Study Materials Recommender agent would show on the right side of the interface materials 
that students should revise. The Study Materials Searching agent would also be accessible directly from 
the interface to give students the opportunity to search materials on their own.

Thus far, we have not implemented neither the three agents of the proposed model nor the chat user 
interface in Figure 7. Nevertheless, we have implemented an application that uses SimpleAnalyzer to 
search for books in Spanish and English. The user interface of this application is the same that will be 
used by the Study Material Searching agent and it is described below with an example.

To search for a book, the user has to enter the search string (left search button) and select the field 
by which he wants to search: author, title, ISBN or all fields (see Figure 8). This last option implies 
that searches are simultaneously made by Authors, Title, ISBN and index fields. Assuming that the text 
to search in books of the Department of Informatics was “java”, and we are looking for all fields, the 
recovered books would be those shown in Figure 9.

Figure 7. User interface of the proposed multi-agent model
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A click on any row of the table shown in Figure 9, shows details of the corresponding book. Assum-
ing you have clicked on the first row of the result table in Figure 9, you would have obtained additional 
information on the book “Data Structure and Algorithms in Java” as shown in Figure 10.

Figure 8. Study Material Searching agent user interface

Figure 9. Results of a search with the Study Material Searching agent
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CONCLUSION

This work not only allowed us to propose a multi-agent model that customizes the retrieval of study 
material for collaborative groups of students, taking into account the needs of them, but also allowed 
us to experiment with tools available in Lucene to analyze and retrieve documents written in English 
and Spanish.

One of the first issues we should keep working on is to improve the accuracy of search results using 
the Title. The precision is always kept low because of the way in which the query to search for the Title 
field was built. Searches by Title recover not only books whose title field exactly matches the search 
string, but also books that have in the Title field some of the words that are part of the query. This causes 
that for each of this type of query, users are provided with more results than those that are really neces-
sary to satisfy their information needs. For example, a search for the title field with the string “Operating 
System Administration” would result in the book whose title is “Operating System Administration” but 
also books with the words “Operating”, “Systems” and “Administration” as part of their title.

On the other hand, two possible modifications to the search process that may enhance the precision 
and recall are: automatic language detection and synonym expansion for queries. Currently if a user 
performs a title search for the string “Introduction to Programming”, the user will get as a result the 
book whose title contained the string “Introduction to Programming”. However, the collection of books 
we considered contains a book titled “Programming Fundamentals. Algorithms and Data Structures”, 
with almost the same issues that the book “Introduction to Programming”. Consequently, it might be 
useful to include in the list of results not only the book “Introduction to Programming” but also “Pro-
gramming Fundamentals. Algorithms and Data Structures”. In this situation the words “Introduction” 
and “Fundamentals” can be taken as synonymous since books that have these words in their title often 
refer to basic or essential issues of the area or discipline they belong to.

Figure 10. Details of the selected book
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Although in this chapter we emphasized on information retrieval capacities of Lucene, we should not 
forget that our proposal is about a multi-agent system for recommending learning resources in a person-
alized way. This means it is necessary to complement Lucene capacities with recommendation based 
on students or group profiles (that hold for example information about learning style, native language, 
domain of non-native language, knowledge level, and physical disabilities) so as to suggest to students 
learning material that satisfy their real needs and personal traits. Without techniques for personalizing 
the recommendations of the multi-agent model it could happen that the study resources suggested to 
students meet precision and recall metrics but are not useful. For instance, it may not be a good option 
to suggest to a student from Spain a video in English and without Spanish subtitles because that student 
could hardly understand the video if he/she does not know English. During the process of incorporating 
recommendation techniques to our multi-agent model it would be necessary to evaluate analysis and 
recovery capabilities of Lucene over learning resources different from books.

Beyond the improvements that could be implemented on the multi-agent model, with the develop-
ment of this study we could establish that to address the problem of analysis and retrieval of documents 
written in more than one language with Lucene, one should use the SimpleAnalyzer supplemented with 
suppression of stop words. The SimpleAnalyzer differs from SnowballAnalyzer, EnglishAnalyzer and 
SpanishAnalyzer not only in that it achieves better levels of relevance in search results but also because 
it does not use specific filters for each language.

Another aspect that distinguishes SimpleAnalyzer, and that somehow justifies its best performance, is 
that it does not apply stemming. Stemming harms the relevance of search results because it increases the 
similarity of terms that are not similar actually. Consider for example the Spanish word “programación” 
and the English word “programming” that can be reduced to stem “program”. If stemming is applied, a 
search with the word “programación” would result in all documents that have the word “programación” 
but also documents with the word “programming”. But the word “programming” only shares 60% of the 
characters with “programación”, and therefore does not comply with the notion of relevance introduced 
in section Evaluation of Search Results Considering Relevance.

Contrary to what happens with the operation of stemming, stop words removal does not increase 
the similarity between terms that are not really similar but it prevents these situations. Suppose that we 
have two books authored by “De la Mora” and “De la Mont”. A query with the string “De la Mora” 
over an inverted index built without applying suppression of stop words, would retrieve books written 
by “De la Mora” and “De la Mont”. The query string shares with “De la Mora” 100% of the characters 
while with “De la Mont” shares 75% of the characters, so both books meet the criteria of relevance. 
With the removal of stop words in Spanish, “De la Mora” becomes “Mora”. Due to this transformation 
only the term “Mora” would be relevant because the term “Mont” shares 50% of the characters with the 
query string. Finally, it should be noted that the multi-agent model proposed in this chapter will soon be 
implemented as part of a thesis at National University of Santiago del Estero.
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cal intervention in order to redirect the group work towards a productive direction or monitoring which 
members are not interacting.

Computer-Supported Collaborative Learning: Research field product of the union between class-
based collaborative learning and computer-mediated communication that explores the problems and 
factors that influence learning in computer-mediated collaborative configurations. It also studies the 
ways of designing technology to support collaborative learning processes between students.

Group Learning: Group of people that interact with the purpose of sharing knowledge and getting 
its members to learn from each other.

Information Retrieval: It is the discipline whose aim is developing systems that store huge numbers 
of documents so as to enable efficient retrieval of those documents that are relevant to the information 
needs of their users.

Interaction: Reciprocal action between two or more individuals or objects. In a collaborative situation 
the interaction requires people to actively respond to each other, explaining ideas and generating returns.

Natural Language Processing: Field of study that seeks to understand the way in which humans 
understand and use the language with the aim of developing techniques and tools to make computer 
systems understand and manipulate natural languages while performing tasks.

Personalization: It is the action of tailoring information or services provided by a system to the 
needs (or interests) of a particular user or a set or users.

Recommender System: Software application that provides suggestions for products (CDs, books, 
movies, etc.) or services (e-government, financial, healthcare and son on) most likely to be relevant to 
the needs or personal traits of the users.

Software Agent: A computer program designed to carry out some task on behalf of a user or other 
program. The basic attributes of a software agent are: autonomy (agents can operate without the need for 
human guidance), cooperation (ability to interact with other software agents and humans), and learning 
(capability of improving their performance over time).

Text Mining: A process that allow the extraction of useful and previously unknown patters from a 
collection of text documents.

ENDNOTES

1  https://lucene.apache.org/core/
2  http://tm.r-forge.r-project.org/
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ABSTRACT

In the current appendix present a first heuristic study about the scientific publications related to computer 
science and the human factors that make that some contents travel through highways and others in back 
roads of scientific information. We also present the first elements which generate that parallel informa-
tion of the scientific work for financial and/or commercial reasons. Finally, a set of rhetoric questions 
link two decades of experiences in the university educational context, research and development (R&D) 
and Transfer of Technology (TOT) in the Mediterranean South and make up a first evaluation guide.

INTRODUCTION

If we analyze some data bases where are indexed the scientific works in the computer science context, 
and all its derivations (multimedia, Web 2.0, computer graphics, scientific visualization, etc.), of the 
authors, we can see quickly that whether the authors have travelled through a highway of the scientific 
publications or not. We understand as highways of the scientific publications those that through associa-
tions such ACM (Association for Computing Machinery –www.acm.org) or IEEE (Institute of Electrical 
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and Electronics Engineers –www.ieee.org), to mention a couple of examples are automatically indexed 
in their data bases. In the current work we do not go into the details of how those works are indexed, in 
relation to the names and/or surnames of their authors, which in the Spanish case of the double surnames 
in many cases two different pages can be seen in the digital library. In one of them the surnames are 
separate and in others together, through the use of a hyphen. They even change the historic affiliation 
of the author or co-author of those works, as can be seen in the Figures 1 and 2.

Another of the problems is the reliability of the indexed information as they appear in the Figures 1 
and 2 in the total of works. In short, the indexation method does not offer a reliable information to the 
potential users who access that digital library.

Aside from these technical remarks, the works that accumulate in that page may have been published 
by that association, which makes them easy to distinguish, since they have the logo up front and those 
stemming from magazines, books chapters, etc. Which have been accepted in the current database. The 
acceptation of those works derives from the intensity of the influence that the scientific committee of 
the magazine, book, conference or workshop has towards that association in order to get its sponsoring. 
Through it those works will be automatically included in the database. In other cases, the included works 
stem from associations of peers, such as ACM, IEEE, etc. or from projects deriving from data bases such 
as the initials DBLP (Digital Bibliogrpahy & Library Project).

In the DBLP it is easy to observe the amount of works that an author has, classified in decreasing order 
from the temporal point of view and where that register originated, that is, if it belongs to a conference 
(letter c), a journal (letter j), etc. At the end, there is the alphabetic index of the authors with which he 
has collaborated. Here it can also be seen how sometimes that index doesn’t follow an alphabetic order. 
In the Figure 3, we see how the co-author “de-Castro-Lozano” occupies the last place in the table, when 
in fact he should be among the authors a and b. Once again, a reliability mistake can be seen at the mo-
ment of accessing the information stored in the hyperbase.

Figure 1. The author, whose surnames are linked by a hyphen, appears affiliate to the Barcelona University
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Figure 2. The same author appears affiliated historically to another two universities: Stanford (USA) y 
Pompeu Fabra (Spain)

Figure 3. Failing in the alphabetic order of the authors listing
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Now in our study we have sent a questionnaire with five questions to a group made up by 30 com-
puter science and electronics university professors of the south of Europe, asking them basically what 
are the databases which they consider as having a greater current scientific prestige, and 83.5% of those 
polled have answered the associations a and b. Only 16.5% have answered dblp. Although the three 
may be regarded in the current academic context as highways for scientific information, the third was 
regarded by some as a back road. Besides, in the open questions asked, it has been made apparent that 
many scientific works of tge mid past century haven’t been indexed. Consequently, many researches that 
have been carried out by inventors and discoverers of new fields for electronic and/or computer science 
investigation do not appear online. This is a data, it constitutes an important factor since it influences 
in those members of the current scientific committees, who only look up online the information of the 
works they are evaluating, without knowing that there are in paper support journals or books with in-
formation previous to that which they are looking up, in certain fields of scientific knowledge. In other 
cases, many works with a high level of originality, innovation, relevance, transcendence are failed because 
they include a bibliography that doesn’t have online access. Evidently, this is a very important human 
factor in the conformation of the evaluators committee of the scientific works. These mistakes may lead 
a young scientist to spend a large part of his life in back roads in the scientific context.

Other databases of great interest in the scientific sector are: EI COMPENDEX and Inspec. The for-
mer, EI COMPENDEX its initials mean Engineering Index and COMPuterized ENgineering inDEX.. 
Their origins go back to 1884, and it indexes scientific literature pertaining to engineering materials, 
compiled by hand under the original title of Engineering Index. As Compendex, it is now published by 
the publishing house Elsevier (www.elsevier.com). It is a database which surpasses 16 million registers 
and yearly incorporates a million of registers stemming from the main engineering branches, mainly, as 
well as other areas of knowledge belonging to the formal and factual sciences. The Inspec has its origin 
in 1967 as a major indexing database of scientific and technical literature, published by the Institution of 
Engineering and Technology (IET) and formerly by the Institution of Electrical Engineers (IEE). Inside 
that database is stored the information related to computer science, physics, engineering, etc. That is, 
works of research stemming from astronomy, electronics, communications, ergonomics, computers & 
computing, computer science, control engineering, electrical engineering, information technology, and 
physics. Currently, there are other databases stemming from the search engines. For instance: Google 
Scholar (scholar.google.com) It is a subproduct of Google specialized in searching and identifying pub-
lished bibliographical material of a scientific –academic character. Finally, there are those deriving from 
the editorial context or from the information in paper support such as Thomson Reuters, etc.

THE SCIENTIFIC PUBLICATIONS IN THE COMPUTER 
SCIENCE CONTEXT OF THE NEW MILLENNIUM: THE TRIAD 
OF THE HUMAN, SOCIAL AND FINANCIAL FACTORS

Before the end of the first decade of the new millennium, with the drop of financial resources in the 
public university area, especially that aimed at research, has prompted an increase of the scientific pub-
lications in journals or books. This phenomenon can be easily proved by looking up the dblp of those 
authors who have published their research works since the 90s, for instance. The reason is the costs. 
Besides, the presentations must be carried out in situ, since the virtual presentations, for instance, through 
videoconferences, in some scientific contexts are not possible.
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All of this has bolstered the phenomenon of the group publications, which do not necessarily relate 
to interdisciplinary works, but rather to human or social factors. This kind of publications which are 
indexed in the databases of the highways of scientific information lack any legal value at the moment of 
granting the enablement of university professors for the teaching of computer science, in some countries 
of the EU, as is the case of Spain from 2002 onwards and through the National Agency of Assessment 
Quality and Certification (ANECA –www.aneca.es). The place that the petitioner of the accreditation in 
that listing is essential. That is, the former are the valid ones and the rest practically lack any value. In 
the figure, abc, the first two people are regarded as main authors. The rest of the co-authors do not have 
a great legal value when it comes to issuing enablements for university teaching in Spain, since 2002.

Another of the factors of the triad that derives from the analysis of the dblp database is that many 
authors not only do not have a continuity line in their research in keeping with the lines of interest that 
is detected across time, but besides it makes a constant reusability of the same works to increase the 
number of registers inside the database. This is a typical phenomemnon of those research works related 
to the study of queries for the databases, for instance. The goal pursued by some of its co-authors is to 
increase quickly the number of registers in the database. Some examples in Figures 4, 5, 6 and 7. That 

Figure 4. It is a classic example from where the second author onwards the rest of co-authors have no 
university legal value in Spain

Figure 5. The author and/or co-authors resort to the reusability of scientific information

Figure 6. The logical programming and the queries for database allows a myriad options which enrich 
the possibilities of variants in the publication of computer science articles

Figure 7. One poster with 15 co-authors
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is why their works are not extensive in those cases, only posters or works in progress, whose extension 
in pages ranges between 1 and 5. Obviously, they are not papers of book chapters. Only yet another item 
inside a database, which may belong to the group of the highways of scientific information. Besides, 
many of those items do not constitute neither future lines of research or learned lessons from experiments 
that have been carried out, for instance.

As a rule, the more authors appear in the item, the less extended is the work. A classical example are 
the posters that are presented from the south of Europe in the Siggraph or other works of graphic com-
puting in magazines of the same publisher, that is, ACM. Many of those authors or co-authors are PhD 
students and theoretically with those publications they have started to circulate through the highways of 
scientific information, but in those groups also exists academic endogamy, parochialism, the dynamic 
persuader, etc. Next we mention some examples stemming from DBLP.

In Figure 8, can be seen how a graduate in physics turns into an expert in human-computer interac-
tion, exercising for decades all the negative techniques in human and social behaviour of the dynamic 
persuader inside the scientific context (stalking, bullying, etc.). As origin of that transformation he uses 
the disabled users, forcing them inside the Spanish and Latin American borders to follow his new lines 
of research. That is, a radial and vertical structure is generated in the contests of the research related 
to the human-computer interaction, within and without the borders where those leaders and pressure 
groups are to be found. The goal they pursue is the destruction of the democratization of the sciences, 
although apparently in the database are indexed many registers yearly as co-authors of the works. The 
items where he appears as a single author are very scarce, because his function is not technical but politi-
cal. That is, an authoritarian and destructive policy. The horizontality and democratization of knowledge 
does not exist in those groups. All the members of those radial and vertical structures have mostly their 
works indexed in the databases belonging to the highways of scientific information. Another example 
in Figure 11 from civil structure to podcasting and disbled, children, teenagers, etc. users. The readers 
interested in these structures and systems can find widely detailed examples in the following references 
(Cipolla-Ficarra, et al., 2013a; Cipolla-Ficarra, 2013b).

In the previous example we have observed the case of isolated authors who group with the passing 
of time. Simultaneously, we have other cases which respond to university endogamy such as can be the 
couples, fathers and sons, brothers, etc., and all the rest of family links which can exist in the academic 
context. This reality is usually very common as the genesis of the pressure groups known generically 
as parochialism (Cipolla-Ficarra, Ficarra, & Cipolla-Ficarra, 2012; Cipolla-Ficarra, & Ficarra, 2014). 
Although their members declare diverging interests among themselves, they all will converge on the 
same item or register of the database. Obviously, they do not relate to the notions of interdisciplinarity, 

Figure 8. Metamorphosis of a graduate in physics into an expert in human computer interaction through 
the Spanish and Latin American disabled people
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transdisciplinarity, etc., of the sciences, but rather to family relationships (Cipolla-Ficarra, & Ficarra, 
2012; & Cipolla-Ficarra, & Kratky, 2012). In the examples of Figures 9 and 10, the endogamy is pre-
sented with different degrees of intensity.

All these examples of a negative sign for the sciences make apparent the economic interests derived 
from the pressure groups which exert their influence on the rest of the scientific community. The finan-
cial resources are essential so that their works are indexed in databases pertaining to the highways of 
scientific information. Consequently, generating unidirectional and/or authoritarian structures is positive 
for those who make up the summit of power, since they can submit projects requesting regional, state 
European or other financial subsidies, knowing that they are the only ones who have the absolute control 
in a state or regional territory. If one observes their section of acknowledgements, all their works are 
subsidized by ministries, private businesses, European bodies, etc. All those who do not belong to those 
radial, vertical and authoritarian structures are automatically excluded and their research works, even 
if they are original, will have a lower category, because they travel in the back roads of the scientific 
publications and they will be prey to constant plagiarism.

An evolution online of a project of the 80s is DBLP (DataBase systems and Logical Programming). 
It is a computer science bibliography website hosted at Universität Trier (Germany). With the passing 
of time these initials have turned into a project called “Digital Bibliography & Library Project”, with 

Figure 9. Example of works indexed where exists a high endogamy or inmarriage. Besides, one inter-
national event with 4 works accepted –AVI 2012

Figure 10. Example of indexed works where a moderate endogamy or inmarriage exists. Besides, local 
event CHI Italy 2013 with 4 works accepted with the same author/s
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European subsidies, and currently the title “the DBLP Computer Science Bibliography” does not only 
denote the evolution of the project, but it also connotes how German publishers make use of it for their 
publications to be automatically indexed in the databases of the ACM and/or IEEE. Many authors sub-
mit their works in congresses backed by that German publisher because they have guaranteed that their 
works will also be indexed in the USA.

AN HEURISTIC GUIDE DERIVED FROM THE RHETORIC QUESTIONS

Although rhetoric has its origin in the social sciences, it can orient us to reach a greater transparency in 
the information stored in the current databases of the scientific works. In the figures of the presented 
examples it is possible to realize how the human and social factors, with a negative sense, are present in 
the field of the publications belonging to the highways of scientific information. Although part of the 
figures have darkened areas because of privacy reasons, they denote the veracity of the data that have 
allowed to carry out the research. Next are listed a first set of rhetorical questions, which der8ive from 
the education, research and development and technology transfer between university and/or industry and 
vice versa in the last two decades:

• How is it possible that a same author in the university educational context can carry out simulta-
neously so many scientific works along the year and that they do not keep among themselves any 
correlation, whether from the theoretical or the practical point of view?

• How is it possible that in certain themes of scientific knowledge, for instance, interactive design 
aimed at children, the same authors are always to be found and always the same work format, that 

Figure 11. Example of a big metamorphosis from civil engineering to archaeology, podscanting, etc. to 
disabled people and education for children, teenagers, adults, etc. for instance
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is, a long paper (no papers, short papers, demos, etc.) in publications belonging to the highways 
of scientific information?

• How is it possible that doctorates are granted without the PhD candidate having a minimum of 
autonomous publications or own works indexed in the databases of high scientific level?

• How is it possible that in the new millennium, algorithms, methods and computer science tech-
niques are not generated to wipe out the problem that around a 20–40 of the authors with Spanish 
names and/or surnames have badly indexed their works in the scientific databases?

• How can it be that the high level databases, sometimes index automatically and other times they 
do not, the proceedings, books, journals .etc. derived from certain international conferences not 
affiliated to the abc or cd association?

• How can it be that the retired and advanced in age university professors keep on appearing as co-
authors of scientific works where their theoretical or practical contribution is equal to zero?

• How can it be that the institutions of the local, provincial, regional, national continental or interna-
tional government finance projects to research centres where endogamy, plagiarism, etc are rife?

• How can it be that the European Union finances R&D projects in educational environments or 
of technology transfer, public and private, where there are conflicts with labour, civil and penal 
justice?

• How can it be that the members of a research group accept the indiscriminate incorporation of 
co-authors, who haven’t cooperated at all with the indexed work?

• How can it be that many research works of the last decades of the 20th century are not indexed in 
the commercial scientific databases?

• How can it be that scientific groups of evaluators are made up in the conferences with the sponsor-
ing of associations that index automatically, where they fail works because they have references 
prior to the current decade or which are not digitalized?

• How can it be that the evaluation committees are made up in high level impact conferences where 
their members lack the knowledge and/or experiences in the main and secondary topics of the 
conference?

These questions, following some techniques of descriptive statistics, will be broken down across time, 
until making up a first table of heuristic evaluation, of the indexation of the scientific works belonging to 
the high level or scientific excellence databases. These two latter notions have changed negatively from 
the point of view of the social factors in the computer science context of the European South during the 
transition from the 20th to the 21st century.

LESSONS LEARNED

Currently there is a tendency in the scientific sector of quantifying but not qualifying the research works, 
since the online databases appeared, where are indexed automatically the research works in book support, 
journals, proceedings, etc. Not everything that circulates in the highways of scientific information, inside 
the context of computer science and all its derivations belongs to scientific excellence, since even the 
authorship of those works may lack validity. The motley production by different sectors of the formal 
and factual sciences, the high number of indexed works, the presence of endogamy (family, friends, 
etc.), the duplication of information of authors with Spanish surnames and/or names but with different 
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contents of their publications, the appearance of publications made by college professors of a very high 
age or deceased, and so on denotes that there is no 100% control of the quality in the indexed informa-
tion. There is also an exaggerated tendency of the stardom factor of the dynamic persuader, through the 
inscription to a myriad new online websites, which offer for free the services of including the published 
works. The goal is to see increase not only the total number of publications, but also the number of the 
quotes of their own works. This is a line of research in the future, where the high level databases will 
be analyzed, those online like Google Scholar or other organizations devoted to indexing the scientific 
works in the American continent, for instance. At the same time a universe of study will be generated 
to investigate the Garduña factor, parochialism and the dynamic persuader.

CONCLUSION

The second decade of the new millennium makes apparent how the divide among scientific publica-
tions is increasing the division among the research groups, due to the financing of works. This divide 
does not only concern the current scientists, but also the new generations of scientists, who will only 
consider the quantitative aspect of their works online. The epistemological principles such as whether 
the scientific knowledge is clear and precise, or the veracity of the information among others are usu-
ally not present if the indexes that make up those databases are analyzed. The data stored indexed in a 
database are unreal where there is a reference to a person in Europe who works in a private enterprise, 
holding high responsibility managerial jobs and he also devotes himself to the management of R&D 
European projects, transfer of technology between the university and the entrepreneurial sector, university 
public teaching, direction of doctor theses, organization of international congresses, etc. And then he is 
besides co-author or author of over 20 yearly publications, as it appears in DBLP. In short, many of the 
epistemological principles of the formal and factual sciences are to be found in the scientific works that 
travel in the back roads, since their authors and/or co-authors lack the necessary funds to travel through 
the alleged highways of scientific information, where the authors are not the real authors of the works 
indexed in the databases.
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ABSTRACT

We present a study of the triad rendering computer made static and/or dynamic images, video games 
and adult users who interact with a personal computer. Besides, there is a diachronic study of the basic 
components to design the virtual 3D characters which are included in the video games. The link of the 
evolution of the interactive games is also analyzed and especially the interactive design characteristics 
related to the content, navigation, structure and layout. Finally, a table is presented with those compo-
nents stemming from the rendering of the scenes for the video games, which motivate their fruition by 
the adult users.

INTRODUCTION

The video game industry keeps on manufacturing versions of its larest novelties in DVD support, be-
cause there are adults users who prefer to interact with them through the computer (Edvardsen & Kulle, 
2010). Some of them, from the keyboard, that is, without using the joystick. Some of the psychological 
motivations from the point of view of the user are due to the fact that the videogames make them live 
again the fiction of past times, that is, childhood, adolescence or youth, where they interacted directly 
from the personal computer at school or in the home. Users who have interacted with videogames such 
as Myst, Tomb Raider, SimCity, The Sims, Resident Evil, Tetris, Pac Man, etc. (Edvardsen, & Kulle, 
2010). At the moment of the pauses while they learned the use of the applications aimed at office auto-
mation such as the words processors, spreadsheets, databases, etc., that is to say, WordStar, WordPerfect, 
Lotus 1-2-3, Dbase II or rather the programming in BASIC, Cobol, Fortran, Assembler, etc. In other 
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words, they were born in the era of audiovisual communication, like television and cinema, they were 
immersed in the process of metamorphosis from the analogical information to the digital one, where 
the pastime with the traditional games (chess, checkers, cards, minesweeper, etc.), and some of them 
were already included in the options of the operative systems such as the versions of Windows of the 
90s (Cipolla-Ficarra, 2010).

The current chapter starts with a state of the art and the evolution of rendering from the graphic soft-
ware and the hardware in the PCs, to know the essential components for the emulation and simulation of 
reality, through graphic computing. Later on we research the basic principles of the three-dimensional 
characters and their behaviour, investigating in the first studies carried out by the Thalmann couple and 
some of the basic principles for 3D modelling of the virtual characters. Then is examined the evolution 
of the PC interactive videogames considering them from the point of view of communicability and user 
experience design (UX). The categories of interactive design are also considered such as the content 
with the narrative; the structure and the transformations with the passing of time, among hypertext, 
multimedia, hypermedia, navigation and the immersion of the user in the different contexts or scenes, 
etc. All these elements have allowed to draw up a table with those elements of the rendering which the 
adults users regard as positive to motivate them in the fruition of the contents, irrespective of the way 
in which they have been structured. Finaly, there are the sections of learned lessons and conclusions.

RENDERING: STATIC AND DYNAMIC FRAME

Traditionally, rendering is regarded as the process of generating a static image (frame) or dynamic (a set 
of frames) in a video format through the calculation of the lightening of the components in a 3D and/
or 2D (Cipolla-Ficarra, 1996). In other words, generating an image from the mathematical description 
of the scene in the scene 3D and/or 2D, through algorithms which define the color in each pixel of the 
digital image. The description refers to a set of data related to the geometry 2D and/or 3D from the point 
of view of the observer, the optical characteristics of the surfaces, visible to the observer, illumination, 
etc. (Newman & Sproull, 1979: Soh & Tan, 2008; Furtado, Santos, & Ramalho, 2011). The term cal-
culation implies mathematic equations for the simulation and emulation of reality, in natural weather 
phenomena such as fog, snow, rain, and so on which are included in the static or dynamic image. The 
mathematics used for the rendering includes: the Montecarlo method, lineal algebra, calculation and 
numerical analysis, the digital analysis of signals, etc. The set of algorithms make up what is colloqui-
ally known in computer graphics as “the engine” of the rendering. Generally, in relation to the engine a 
commercial software is capable of making the calculation of the illumination, for instance, in more or 
less time. Aside from the hardware used, the final quality of the static and/or dynamic images depends 
on them, with a high final quality, which makes currently the users of interactive systems unable to tell 
apart quickly a digital photograph of reality or an image made through geometric objects in 2D or 3D in 
the computer. Now at the end of the 20th century, when in the stage previous to the definitive creation of 
the scenes were completed (representation, wireframe), the stage called rendering (Newman & Sproull, 
1979), that is, were included the texture bitmap, lights, bump mapping, and so on giving as a result a 
final image or frame. In the case of the computer animations, with cinematographic purposes or not, 
there was a high number of frames.

These images obtained from the rendering can be classified alphabetically and in relation to a set of 
visible phenomena in:
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Figure 1. Commercial software to carry out computer animations such as 3D studio, where the different 
options included within the rendering can be seen (3D model of wired trees)

Figure 2. Result of the rendering of a scene stored in a database
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• Ambient Occlusion,
• Anisotropy,
• Bump Mapping,
• Caustic,
• Depth of Field,
• Displacement Mapping,
• Distance Fog,
• Global Illumination,
• Motion Blur,
• Normal Mapping,
• Reflection,
• Refraction,
• Shading,
• Shadows,
• Soft Shadows,

Figure 3. Rendering result for Spanish magazine cover in 1997(author: Francisco V. C. Ficarra)
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• Subsurface Scattering,
• Texture Mapping. and
• Transparency.

Now if the algorithms are grouped in relation to the problem to be solved in graphic computing 
(Newman & Sproull, 1979), there are two large groups: the radiosity that is related to the mathematics 
of the finite elements and the ray tracing, which is related to pirobalistic maths. Both groups make up a 
reliable structure for the management of the equations related to the rendering in graphic computing. In 
the real time applications, carried out with personal computers, a complete elaboration of the scenes is 
not necessary. That is to say, getting very high quality images in the making process of the 3D animation 
project, for instance. In these cases it is possible to resort to the texture mapping (zero illumination), 
since the intrinsic color of an object has a greater influence on its aspect; and the direct illumination, 
that is, that only the light which goes from the source of the illumination to the surface is considered, 
without taking into account the reflections generated on the objects which may be present in the scene. 
Some of the algorithms used in these cases are: Painter’s Algorithm, Z- Buffering, Global Illumination, 
Volume Rendering, etc. In the case of carrying out a rendering of a high number of images for a 3D 

Figure 4. Rendering result for Spanish magazine cover in 1998 (author: Francisco V. C. Ficarra)
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animation film one resorts to the render farm, that is, a network of computers connected among each 
other. The software RenderMan, created by Pixar Animation Studios (www.pixar.com) is one of the most 
widespread for these tasks. Other commercial engines for the rendering are Mental Ray, Vray, Brazil, 
Final Render, POV-Ray and Maxwell Render.

STRATEGIES OF SOFTWARE, HARDWARE AND INTERACTIVE DESIGN 
FOR THE PRODUCTION OF THREE-DIMENSIONAL VIDEO GAMES

At the end of the 20th century, the results of the animation project could not be visualized in real time, 
especially when working in a graphic commercial hardware and software belonging to the middle range 
from the point of view of cost, but high in relation to the quality of the results, for instance, the 3D Studio 
(i.e., Figures 1, 2, 3 and 4). Nevertheless, in the new millennium the advance of the commercial soft-
ware of the middle range has started to modify that reality leaning on the current video plates equipped 
with processors which allow to visualize in real time the final rendering of a 3D scene. However, in 
that range of hardware, it can only be applied to simple scenes, not being applicable yet for scenes of 
greater complexity, since this requires a too high calculation power. This is the main reason why the 
three-dimensional designers choose to create the 3D environment with a simpler form of visualization 
and then generate the slow rendering process and thus achieve the intended final results. The rendering 
time depends to a great extent on the parameters established in the materials and lights, as well as on the 
configuration of the rendering engine and the hardware where the software works. In short, the render-
ing process in a personal computer requires the CPU in a high number of operations. Consequently, it is 
slow. However, this time can be reduced and assisted in real time, through the use of the 3D accelerators 
of the graphic cards for the three-dimensional games, for instance.

Usually each 3D application counts with its own rendering engine, but it is necessary to explain that 
there are plug-ins which devote themselves to make the calculation inside the program, using special 
formulas (a plug-in is a software components that adds a specific feature to an existing software appli-
cation). This is the case of the known engines Mental Ray, Vray, Brazil, Final Render, etc. Now in the 
case of the videogames, normally “pre-rendered” images are used to generate the textures and thus help 
the hardware, whether it is a console or a PC working in the virtual environment, with a much higher 
speed (even so the current games have a great demand in their processors, video plate and RAM memory.

The pre-rendering is based on the use of the image or texture in a game that was rendered through a 
graphic engine much more powerful than that used in the videogame, that is, a professional one. Con-
sequently, the graphic engine of the game only takes care of calculating the position of that texture and 
not of all its content. In other words, it is much easier for a computer to calculate pixels than a large set 
of polygons with textures and where lights, glints, shadows, transparencies, reflects and so on converge.

This resource was very much used mainly in games of the 20th century, which were a mixture of 
3D and 2D. At that time, the only thing that the graphic engine calculated in three dimensions were the 
dynamic objects (characters, objects which could be kept or used, etc.) while the backgrounds were an 
immobile texture. Collision boxes were used so that a character could simulate being hitting the objects 
of that immobile texture and thus not go through them. The main drawback of this method was tgat a 
free camera could not be used, but the field of vision of the player was based on a lot of predetermined 
positions of the camera bearing in mind the position of the character. This method was used a lot if the 
first games of series like Resident Evil, for instance.
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Currently the pre-rendering is only used to insert textures to 3D objects. For instance, making the 
pre-rendering to a wall on which there is a shadow, it is achieved that the graphic engine doesn’t have 
to calculate in each photogram the position and all the characteristics of the shadow, if not only the 
image previously allocated to the object. Also for other minimal details, although possibly in the future 
it will not be needed because it strips the graphics of dynamism. In the example of the shadow of the 
pre-rendering previously mentioned, that shadow couldn’t be modified, in other aspects like the light or 
the position of the object that is generating it, since the graphic engine is not calculating it any longer.

The procedure to make a 3D scene through the computer, in which a transformation takes place, 
such as can be the special effect of an explosion, is made up of three key elements: the object, in which 
the position must be considered, the orientation, the size, the shape, the color and the transparency. The 
camera, in which the position of the viewer must be considered, the point of interest and the point of view. 
For instance, in Resident Evil, it is a videogame in third person and the user of the computer watches 
the protagonist, which bestows a greater appeal to what happens in her environment. Lastly, there is the 
source of light, in which its intensity must be regarded as well as the position.

Now the studies carried out by Daniel Thalmann and Nadia Magnenat Thalmann in the 90s have 
allowed to generate graphic computing systems capable of generating computer animations (Magnenat-
Thalman & Thalmann, 1993) where there are human beings, whose behaviour take into account variables 
of the context where they are immersed. They are studies based on the excellence of interdisciplinarity, 
where aspects and methods of mechanics, robotics, physiology, psychology and artificial intelligence 
converge. The common denominator of their works consisted in drawing up systems where the virtual 
characters made with the computer had a natural behaviour, increasing the complexity and improving 
the realism of the context and very especially paid attention to the facial expressions, the deformation 
of the body and the hands, during the movement.

VIRTUAL CHARACTERS: OLD AND NEW EXCELLENT EXAMPLES

Following the experiments carried out by the Thalmann couple, such as can be the animation “Rendez-
vous a Montreal” (Magnenat-Thalman & Thalmann, 1993), where a virtual encounter takes place between 
Marylyn Monroe and Humphrey Bogart we can analyze the traditional composition of the 3D characters 
who have been incorporated into the videogames, for instance. Since the 20th century, one of the great 
goals of computer animation consists in generating human characters through the computer that have 
a high level of realism, to such a degree that the human eye can not tell whether it is real or not. In that 
sense, some examples of the second decade of the new millennium are to be found in the publicity sec-
tor, like the female character Antonella to promote the sale of the Ford Verbe car.

In the 90s the geometric and mathematic models used in graphic computing did not adapt very well 
to the shapes of the human body, nor did the movements of the joints, due to the role of the muscles. In 
this sense a commercial products which tried to solve the muscles issues in the computer animation of 
the low cost range were the 3D plug-ins of “Reyes infografica” in Madrid (Cipolla-Ficarra, 1999). A 
more costly method at the time was rotoscoping, also known as brute force method. It is a method that 
consists in the natural representation of the human movement, from which derives the motion capture 
technique, for instance. Without any doubt, these were techniques and methods very used in the cinema 
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Figure 5. A photogram of the animation “Rendez-vous a Montreal”, when Monroe and Bogart meet in 
Canada

Figure 6. Photograms/frames of the publicity of the car Ford Verbe, where a 3D character by the name 
of Antonella presents the main characteristics of the car in the city of Rome, Italy Source: www.nytimes.
com/slideshow/2009/07/19/automobiles/0719-fiesta_index.html
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and the videogames of the late 20th century. Now a human body in 3D with movement which emulates 
reality can be carried out with three “classical” models: stick figures, surface models and volume mod-
els. A brief description of each one of them to contrast the basic principles, which have influenced the 
design of characters in 3D, is the following:

Figure 7. Photograms/frames of the publicity of the car Ford Verbe, where a 3D character by the name 
of Antonella presents the main characteristics of the car in the city of Rome, Italy Source: www.nytimes.
com/slideshow/2009/07/19/automobiles/0719-fiesta_index.html

Figure 8. Photograms/frames of the publicity of the car Ford Verbe, where a 3D character by the name 
of Antonella presents the main characteristics of the car in the city of Rome, Italy.\ Source: www.nytimes.
com/slideshow/2009/07/19/automobiles/0719-fiesta_index.html
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• Stick Figure: It is a human skeleton built up with segments and joints. The final image that results 
is not realistic and there are human movements that can’t be represented since it lacks depth, such 
as torsion and contact. A model built with that technique was Hipi. Hipi is the protagonist of an 
animation film titled “Dream Flight”, made by Nadie and Daniel Thalmann in collaboration with 
Philippe Bergeron in 1982 (Magnenat-Thalmann & Thalmann, 1993).

• Surface Figures: The skeletons can be covered with an upper layer, with a flat or curve shape. 
In this way the movements that modify the surface are visible and the hidden lines of the seg-
ments and the joints can be eliminated. A classical example is Cyberman (1978) of the Chrysler 
Corporation firm. This example has been built by the motor industry to study the positions and 
movements of the drivers.

• Volume Figures: The body is depicted with simple rotation. In general cylinders can be used 
with the models designed by Evans (1976), Poter and Willmert (1975) ellipsoids with the models 
designed by Herbison-Evans (1978-1982) and spheres with the model designed by Badler (1979-

Figure 9. Hipi sitting in the woods

Figure 10. Hippi flying
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1980). With those models, and bearing in mind the cost factor for the modification in the case of 
failings, in the elaboration of the 3D characters were already used some design strategies, such as:
 ◦ Knowing the parts which will make up the limbs, hands and feet, that is, to build them as 

a single object or consider the fingers and toes in a separate way. If there are more compo-
nents and they are smaller and malleable, a greater realism can be obtained in the details, for 
instance:

 ◦ Using the symmetry, as in the case of the face, although in reality it is not perfectly sym-
metric, etc.

 ◦ Bearing in mind the following recommendations: the spine must be as straight as possible, 
the same as the legs and the arms. The arms must be as perpendicular as possible to the body. 
The fingers must be separated between themselves and the thumbs must form a 45 degrees 
angle with the side of the hand.

Each one of these software and hardware components turned the 2D, 3D computer-made characters 
into a kind of borderline in the context of graphic computing, where interdisciplinarity was the key for 
the advances of the behaviour computer animation, for instance. Those studies would be the key for the 
momentum of the videogames sector in the new millennium.

INTERACTIVE COMMUNICATION AND VIDEO GAMES

Although the interaction between user and computer is natural since its inception, with the advance of the 
hypertext the multimedia and hypermedia gained a greater relevance in the cultural environment with the 
appearance of the graphic interfaces and the implicit possibility, open in the 80s, of carrying out tasks of 
the graphic arts in paper support, which included the creative aspect, for instance (Van Lent, 2008; Levis, 
1997). Then, in the countries of the Mediterranean in Europe, multimedia became a topic of conversa-
tion, and later on the interactive systems to include virtual reality, which with the democratization of the 
internet of the 90s started to draw the attention of the potential users of commercial products, especially 
for the generation of 3D characters who could move in computer-generated environments. The purpose 
of those characters was to show the functionality or eventual options in architectonical environments, 
the use of mechanic devices, etc. That’s to say, environments in where from the arts they switched to 
architecture or industrial engineering. That kind of knowledge entailed, as in the behaviour computer 
animation, the interchange of knowledge and/or experiences between technicians and artists. However, 
in the south of Europe, the real specialists were sidelined so that the products and/or services deriving 
from those computer-made creations, animated or not, as are the experts in social communication.

When in 1993 the electronic game of the greatest cultural impact, appeared, Myst, the interactive 
systems aimed at the online and offline hypermedia entertainment started to develop in a frenzy until at 
the beginning of the new millennium the virtual enterprises that arose with the democratization of the 
internet, and the so-called new economy springing up around the new technologies fell apart with the 
same speed with which it had developed, thus ending with almost all the cultural interactive initiatives, 
excepting the videogames (Levis, 1997). Which was the only sector of the multimedia that still grew in 
Europe. Aside from the social and/or social factors from the software and the hardware it could be seen 
how the offline multimedia interactive systems (DVD, Playstation, etc.) they kept on democratizing the 
circulation of the videogames among the potential users in the whole planet (Levis, 1997). Besides, the 
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telecommunications allowed a faster online transmission, through the use of the ADSL and also the 
commercial applications to program multimedia systems, they democratized the dynamism in the pre-
sentations, for instance, for instance, with Flash or MMDirector. But this ease in the context of the user 
experience desgn or programming had not tu2rned into a larger production of original contents, nor in 
a deepening of the interactive language. For instance, in the late 80s the investigations of the hypertext 
focused on the usability of the system and not from the clearly literary perspective. This is perhaps be-
cause the interactive means rather than literary is audiovisual. To such an extent that the references for 
a possible interactive fiction must be found above all in the electronic games.

However, the professionals and the industry of these games have been very far from artistic/fun creation 
(Van Lent, 2008). This is the divide between technicians and artists, and also the lack of incorporation 
of communication experts, what has scattered the research of the narrative possibilities of the interactive 
means for decades. Little by little, the academic environment of the audiovisual of the Mediterranean 
European countries started to regard the games as culture. A statement which is true to some extent, 
since the interactive game, where communicability is present, may interrelate in a bidirectional way 
leisure and culture.

Historically, after the momentum of the 90s, its progress has been very limited, especially in the 
south of Europe because of factors which are exogenous to technique. Wild mercantilism made the term 
multimedia be synonymous with getting profits in the short term, generating low quality multimedia 
interactive systems, and turning the general public away from their consumption, due to the costs-quality 
equation. Aside from this negative European reality, Brenda Laurel (Laurel, 2004; Laurel, 2013), and 
Janet Murray (Murray, 2011) among others claim that in the cultural environment the most significant 
thing about the computer science revolution but that the realization of its potentialities is still to arrive.

One of the models of the interactive narrative with an excellent level of communicability, for instance, 
and coming from the world of games is SimCity (Cipolla-Ficarra, 2014). In this game there is no previ-
ous story, but it is built as interacts in such a way that every player experiences a different narrative or 
experience. This formula, originally applied to the evolution of a city, has also been applied with great 
success to other scenarios, such as are The Sims. It is the simulation of family life. It is an interactive 
experience which is closer to fiction in the traditional sense. Besides, it means the application to narra-
tive of a digital quality: the generation of original contents, since there would be no two equal cities or 
families among different users. Another playing model to be taken into account are the MUDs (Multi User 
Dungeons) where the experiences evolve in keeping with the interactions such as SimCity, but besides, 
they are developed inside a community of players, in such a way that one doesn’t only play against the 
computer, but against other players, turning entertainment into a socialization space.

In these interactive systems the compatibility between narrative and playability entails a constant 
evaluation of the components where the stage of inception and design of the system. There are important 
differences at a theoretical level. For instance, the differences in the treatment of time: in narrative one 
relates, usually in a past tense, whereas the game develops in the present tense. Narrative jumps in time, 
and besides, it usually compresses it. In contrast, in a game the experience follows a strictly real time. 
There are also differences in the way of treating the space that surrounds the action: the special environ-
ment is an essential part of a game; in contrast, in a narration it may become irrelevant.

Now a videogame consists in a formal structure which may be totally devoid of narrative content 
and yet keep on working (Pac Man, Tetris, etc.). In contrast, a fiction handles plenty of elements which 
do not look easy at all to formalize, for instance, the coding of the behaviour of a character. Simultane-
ously, one of the foundations of narrative is the separation between the world told by the authors and 
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the existential world of the reader; the success of the narrative depends on the more or less effective 
achievement of this separation and the suspension of the disbelief in face of what is told, to which tends, 
naturally, any reader. Now in an interactive the reader makes progress the story through interactions, 
which entails a connection between both worlds, and it is the degree of sensation of immersion of the 
users what makes the interaction time with the game increase or decrease as time passes in front of the 
PC, for instance. The deeper is the immersion of the player, the greater is the feeling he/she has of being 
inside the game, and the greater is, therefore, its credibility. The immersive sensation has a very important 
implication to draw the attention in the interaction and motivate the fruition. the identification of the 
player. However, the greater the identification is, the less interesting become the other players, the less 
empathy they must generate, and the lesser is, in short, the power of the story and its narrativity. In such 
a way that the immersion, one of the elements of interactive communications in the PC videogames, is 
not akin to narrative, but rather goes against it. Therefore, one of the ways to limit the identification of 
the use with the content of the videogame and thus bolster the attractive of the rest of the charactes in 
a fiction consists in changing the point of view. In the games in the first person (Myst) the user is the 
main character of the story, and therefore, the identification is maximal. In contrast, in the games in 
third person, the user controls the main character (Tomb Raider) or watches the protagonist (Resident 
Evil), which bestows more attractive to what happens in her environment. In few words, perhaps, the 
interactive fiction, which is not synomymous of literary fiction (although it has many of its components) 
tends to replace the pleasure of telling by the pleasure of interaction.

The table represents the results obtained through a heuristic evaluation, with adult users, when they 
interacted with a PC through the keyboard in a communicability lab in the city of Barcelona, Spain. 
The total of videogames analyzed for PC was 80. The listing of the commercial products evaluated are 
into the Appendix. The heuristic techniques of the evaluation are formularies for direct observation, 
questionnaires and interviews (Nielsen & Mack, 1994). The results obtained, in our universe of study, 
make apparent the importance that has in the first place the central element (virtual character or object), 
shape or color, with which the user identifies and the degree of emulation/simulation of the movements. 
In the anthropomorphism or personification of the characters, the behaviour computer animation of those 

Table 1. Results of the Heuristic Evaluation

Components: %

1) Central Element (character or object) 85

- Sharp 60

- Color 55

- Behaviour computer animation 70

2) Realism (emulation or simulation) 75

- Illumination 65

- Effects 55

- Textures 40

3) Special effect (fx) 70

- Chemistry and/or physics 65

- Nature phenomena 55
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characters can surpass the empathy achieved through the shapes. The second position is the realism of 
the graphic context where the action develops, regarding the illumination and all its associated effects, 
such as the texture of the materials that make up the surfaces of the objects. Third, the special effects, 
taking the first place those derived from chemistry and/or physics such as explosions, fires, collisions, 
and so on which precede nature phenomena such as mist, rain, snow, etc.

LESSONS LEARNED

In the triad rendering, videogames and adult users we can seen how the principles enunciated about 
behaviour animation, the basic design for the 3D characters and the interactive contents aimed at leisure, 
literature has taken a second place with relation to the audiovisual and interactive communication.

This is due to the fact that the human being prefers the audiovisual contents among the “new technolo-
gies” of the ICT (information and communication technology) sector. Through the television and the 
cinema, for instance, in the 20th century, a generation of users has been generated with a wide culture 
for the constant consumption of static and/or dynamic information in an analogical or digital support. 
Although they are adult users and who in keeping with the current classifications of those born or not in 
the digital era, z generation, and other nominations to exclude them because they prefer the PC to an iPod 
or a Tablet PC, they still belong to a generation of explorers and enjoyers of multimedia and augmented 
reality contents, for example, with a high percentage of quality. This qualitative factor is due to the fact 
that many of them are not only users of the commercial software, but have also been programmers of 
their personal computers. That is, they fell when in an interactive system there is presence or absence of 
quality. This intuition is verified after interacting during a few minutes with it. They are those who keep 
on looking in the software, for instance, those attributes of the interactive system such as the prediction 
of the behaviour of the dynamic means at the moment of the navigation, the inference of the contents and 
the drawing of isotopies among the different sections that make up the structure of the interactive system. 
Therefore, in the new millennium, they still remain faithful consumers of all those videogames which 
contain the four mainstays of computer animation, that is, originality, universality, simplicity and humor.

CONCLUSION

The algorithms and the programming languages which make up the engines of rendering have made up 
the advance of graphic computing in the daily life of millions of users of the interactive services, in the 
era of the expansion of communicability. One of the most dynamic sectors in the communicability has 
been the videogames sector, where software and hardware have been constantly in evolution, almost free 
of those exogenous and/or endogenous factors stemming from the financial and/or economic, local and 
global and which have slowed down the democratization of virtual reality, for example. An evolution 
of the hardware that always precedes the software, but which in our case of study it has been seen how 
users of computers of the 80s, 90s and early 2000s are still used at the moment of interacting with the 
video games. In this sense, they have also been the first in interacting with videogames such as: Myst, 
SimCity, Tetris, Tomb Raider, etc. Those are videogames that have set a tendency across time in each one 
of the categories of interactive design. However, it is in the category of the layout where the rendering is 
present. The rendering engines have increased the level of demand of the users towards the producers, in 
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the final quality that the video games must have. A quality which increases communicability, regardless 
of the hardware platform that is used, that is, personal computers, tablet PCs, video consoles, iPhone, 
etc. The results of the emulation or simulation processes of reality in graphic computing applied to the 
videogames context, denotes the existence of users who even today prefer the PCs rather than the video 
consoles or multimedia mobile phones, for instance.
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KEY TERMS AND DEFINITIONS

Communicability: A qualitative communication between the user and the interactive system, such 
as mobile phones, augmented reality, immersion multimedia, hypermedia, among others. The extent to 
which an interactive system successfully conveys its functionality to the user.

Computer Graphics: Or graphic computing are graphics created using software and hardware. The 
use of a computer to produce and manipulate pictorial imagen on a video screen, for example.

Computer Animation: It is the creation of moving images or dynamics images (animation) using 
a computer.

Interactive System: It is a computer device made up by a CPU and peripherals, whose functioning 
requires a constant interaction with the user. Currently these systems tend to their miniaturization and/
or invisibility, the mobility and wireless connectability among them.

Motivation: Is the set of the dynamics means and of the structure resources that strengthen navigation 
in the interactive system. Motivation seeks to concentrate the attention of the user on the need to pursue 
her/his enjoyment of the system. Attention on the fram must be maintained, that is, the user must retain 
lasting expectations regarding the inferface.

Rendering: The process of adding realism to a computer graphics (static and/or dynamics images) 
by adding three-dimensional qualities such as texture, shadows, illumination, etc., and variations in color 
and shade, for example.

Video Game: Is an electronic game that involves human interaction with one or more user/s interface/s 
to generate audio-visual feedback, for example, on a video device.
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Thetemporaldimensionisaveryinterestingcomponenttoevaluateallthosediscoveriesandinventions
whichhaveallowedgreatbreakthroughsorsetbacksinthehistoryofhumankind.Inourdaysthedilemma
canfocusonthedistributionofthosebenefitsamongthepopulationpyramidofalocalcommunityor
intheglobalvillage.Forinstance,ifweexamineitfromthehuman-computerinteraction(whichisnot
synonymouswiththeexperienceoftheuserorusabilityengineering),theuseofmultimediamobile
phonesinthecitieswithmillionsofinhabitants,wecansetcommondenominatorsamongthedifferent
kindsofusersinrelationtoage,educationallevel,financialresources,etc.Wewillalsoseehowinter-
nationalmarketingfostersconstantlythepurchaseofthelatestmodels,eventhoughmillionsofusers
onlyknowapproximately1or5%ofthepotentialfunctionsofthosedevices.

However,iflateronweexaminesegmentsoftheadultorelderlypopulation,hitornotbythebig
internationalfinancialcrisissincetheendofthelastdecade,themobilephoneswithreducedmultimedia
componentsturnouttobesaferatthemomentofthecyberattacksinternationalordomestic.Thatis,
thereisacomebacktotheprimitivefunctionofthosedevicessuchastalkingonthephoneand/orsend
shorttextmessages.Nowhowisthisregressionpossibleintheseconddecadeofthenewmillennium?
Themotivationsaretobefoundinthegoodorbaduseofthetechnologicalbreakthroughsandthosewho
manageorcontrolsuchuses,orratherabuse.Theswitchfromfreedomtodebaucheryinthecyberspace,
perhaps,willendangerthefreedomofnavigatingintheinternetformillionsofcybernautsinthemidterm.

Somethingidenticalhappenswithcreativityinsidethehuman-computerinteraction(HCI).Inmany
occasionsitiseasytodetecttheempireofmediocrityuntilplagiarism,sincethesportofsomeofits
memberscomesdowntotwoverbs:“copyandpaste”.Howisitpossiblethattheoriginalityandcreativ-
ityisnotthecommondenominatorinthecurrentHCIseentheboundlessinclusionofprofessionals,
variegatedandexotic,belongingtotheformalsciences?Thereasonisverysimple,theyarenotinterested
inthatscientificsectorandmuchlessinwhathappenstotheirpopulationbasis.HCIisyetanotherag-
gregatetotheirlistingsofacademicinteresttogiveahumanisticshadetothecurriculumvitae.Their
sightsareaimedatthepeakofthepopulation,orrather,theelitegroups,withgreatpowerindecision
making,inparticulartogetfinancialresources.

Resourcesthatonlyservetofosterthephenomenonofthedigitaldivide,andanewgenerationfrus-
tratedwithseveralacademicdegreesofthenativedigitals.Thesearesomeoftheconsequencesofthe
laxboundariesthatmathematics,physicsandcertainengineeringdegreeshaveinthe21stcentury.It
isthislaxnessthatisseriouslyaffectingnotonlythisdomainofscientificknowledgesuchashuman-
computerinteraction,butalsothewholecoherentandlucidfutureoftheNICT(NewInformationand
Communications Technology). So nobody should be surprised if in a myriad geographical spaces
(academic-scientific)ontherimoftheEuropeanMediterraneanthetrainingofprofessionalsandthe
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correctuseofallthetechnologicalbreakthroughsintheframeworkoftheICT(InformationandCom-
municationsTechnology)havelosttheirbearings,specificallyinthelasttwodecadesandinfieldssuch
as:theHCI,thedesignanddevelopmentoftheinterfaces,computergraphics,thegenerationoforiginal
multimedia contents, multimedia engineering, computer and/or systems engineering, mathematics,
physics,thefinearts,industrialdesign,telecommunications,videogames,primary,secondaryandcol-
legeeducation,healthcareandalongetc.InthatgeographicalspacetheGarduñafactorhasgenerated
aghettoofcaliphs,pervertingtheepistemologicalprinciplesofthesciences.Theyhaveimposedtheir
antiscientificlawsandtheywilllastfordecades.

Theirmainpremiseis“noonecandousanything”.Thatis,totalimmunityinthefaceoftheirwild,
inhumananddestructivebehaviour, sinceall that shines autonomouslyby itsoriginality, creativity,
modestyandhonestymustbeeliminated.Inotherwords,itisthesupremacyofmediocrityinthemain
disciplinesthatmakeupthehuman-computerinteractionandtheICTs,whichrangefromeducationto
researchanddevelopment(R&D),includingthetransferofknowledgebetweenuniversityandindustry/
businessandviceversa.Thisisanotheroftheelementstobetakenintoaccountwhenoneinvestigates
thepotentialityorthesuccesspercentageofthenewstart-ups&spin-offsamongthoselocatedinthe
westcoastoftheUSAandthosethatarebornintheOldWorld.Thegreatestsuccesswillconcentrate
onthePacificcoastcomparedwiththecoastsoftheEuropeancontinent,asithappenedbeforewiththe
virtualfirms.Itisn’tonlyamatterofbiggerfinancialresourcesbutratherthelackoftheGarduñafactor.

Asidefromthisconjuncture,mostlyinvariablewiththepassingoftheyears,decadesandcenturies,
nowsuchexpressionsas“educationalexcellence”,“highlyqualifiedpersonnel”,“fastworkplaceout-
let,sureandstable”,amongsomanyotherslogans,losetheirgriporcredibilityinthefaceofareality
notliquidasitwaswelldefinedbyZygmuntBauman(2000),butratherinagaseousandsometimes
nauseatingstate.Thesedeedstendingtoestablishsubsetsorendlessdivisions,fortunately,eveninour
days,findaboomerangeffectineachofthecontinentsoftheplanet.Thatis,researchers,professors,
students,etc.,whoareawareoftheseopaquerealitiesasithasbeenpossibletoseeineachoneofthe
worksselectedtomakeupthecurrenthandbook.Eachoneofthekeywordsofthoseworksconstitutes
apointofreferenceforthecurrentandfuturegenerationsofprofessionalsinterestedintheconstant
growthofthesciencestotheserviceofthecommongood,whetheritislocalorglobal.Therefore,their
learnedlessons,conclusionsandfuturelinesofresearcharecardinalpointsintheoceanoftheformal
andfactualsciences.

Theprofessionalsoftheformalandfactualsciences,linkedtothetechnologicalbreakthroughs,will
havetobeessentialinthereductionofthedigitaldivide,thesocialexclusionoftheprofessionalswho
haveashort,middleorlongtrajectoryoftrainingandworkingexperience,andthereductionoflocal
andglobalproperty.Students,professors,researchers,mathematicians,physicists,chemists,mechanics,
engineers,graduates,etc.,havetobeoriginalandavant-gardeprotagonistsinthegenesisoftheinno-
vationanddevelopmentskillsofthenewtechnologies.Theymustinaconstantandpositivewaylead
thewayintryingtoelaboratenewprocesses,productsandservicestofillupthoserealandnon-virtual
spacesthatthelocalandglobalpopulationisdailyrequestingfromthem.Althoughitistruethatseveral
agentsparticipateintheinnovatingandcreativeactivities,sometimeswithcompetinginterests, it is
essentialtoincludethebusinessman(i.e.,industrialist,commercial,etc.)inabidirectionalrelationship
amongpeerswiththeeducational-scientificfield.Whereeachoneoftheseagentstakesanegalitarian
positionsothatthiscommunicationprocessbetweenproductionofgoodsand/orservices,technology
andsciences,hasaconstructiveandlastingfeedback.Itisalsonecessarythatthistriadguaranteesand
carriesoutthegreatestpossibleaccesstothepopulationpyramidsinthematterofthelatestscientific
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andtechnologicalbreakthroughsaimedathealthcare(preventionandcureofdiseases)andeducation
(knowinghowtofindintimewheretherealsourcesofcreative,theoreticalandpracticalknowledgeare).

Newandinterestinghorizonsareopeningupfromthepointofviewofthescienceswherethedig-
nity,freedom,equalityandmutualrespectamongthehumanbeingsmustremainatthesummitofthe
motivations.Althoughinamyriadoccasions,thehumancosttobepaidisveryhighforbelievingand
workingforcertainsocialandtechnologicalutopias,wethinkandmaintainthatsaidstimulimustn’t
decayintheviewofcertaingaseousrealities.Inthesynergyandpositiveenergyamongthousandsof
peoplewillbefacilitatedthepassagethroughtheinformationhighwayssothattheykeeponresearching,
discoveringandinventingsolutionsinadisinterestedway,withthepurposeofimprovingthequality
oflifeofthepopulation.Inthatframework,communicability,human-computerinteraction,theNICTs,
electronics,mechanics,computerscience,robotics,andtherestofdisciplinesthatmakeuptheformal
andfactualscienceswillkeeponplayingatranscendentalrole.Lastly,aselectionofsentencesoffamous
personalitiesofthehistoryofmankindthatallowustoreflectinfrontofallthosewhoentertainthem-
selvesprovokingorputtingaspikeinthewheelsofthescientific,technologicalandeducationalcart:
“Youcanhaveanythingyouwant–ifyouwantitbadlyenough.Youcanbeanythingyouwanttobe,
doanythingyousetouttoaccomplishifyouholdtothatdesirewithsinglenessofpurpose”(Abraham
Lincoln);“Thedifferencebetweenwhatwedoandwhatwearecapableofdoingwouldsufficetosolve
mostoftheworld’sproblems”(MahatmaGandhi);“Humansubtletywillneverdeviseaninventionmore
beautiful,moresimpleormoredirectthandoesnaturebecauseinherinventionsnothingislacking,and
nothingissuperfluous”(LeonardodaVinci);“Themostexcitingphrasetohearinscience,theonethat
heraldsnewdiscoveries,isnot‘Eureka!’but‘That’sfunny’...”(IsaacAsimov);“WhenIwasachild,my
mothersaidtome,‘Ifyoubecomeasoldier,you’llbeageneral.Ifyoubecomeamonk,you’llendup
asthePope.’Instead,IbecameapainterandwoundupasPicasso”(PabloPicasso).
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