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ABSTRACT

Theexponentialadvancementinartificialintelligence(AI),machinelearning,robotics,andautomation
arerapidlytransformingindustriesandsocietiesacrosstheworld.Thewaywework,thewaywe
live,andthewayweinteractwithothersareexpectedtobetransformedataspeedandscalebeyond
anythingwehaveobserved inhumanhistory.Thisnewindustrial revolution isexpected,onone
hand,toenhanceandimproveourlivesandsocieties.Ontheotherhand,ithasthepotentialtocause
majorupheavalsinourwayoflifeandoursocietalnorms.Thewindowofopportunitytounderstand
theimpactofthesetechnologiesandtopreempttheirnegativeeffectsisclosingrapidly.Humanity
needstobeproactive,ratherthanreactive,inmanagingthisnewindustrialrevolution.Thisarticle
looksatthepromises,challenges,andfutureresearchdirectionsofthesetransformativetechnologies.
Notonlyarethetechnologicalaspectsinvestigated,butbehavioral,societal,policy,andgovernance
issuesarereviewedaswell.Thisresearchcontributestotheongoingdiscussionsanddebatesabout
AI,automation,machinelearning,androbotics.Itishopedthatthisarticlewillheightenawareness
oftheimportanceofunderstandingthesedisruptivetechnologiesasabasisforformulatingpolicies
andregulationsthatcanmaximizethebenefitsoftheseadvancementsforhumanityand,atthesame
time,curtailpotentialdangersandnegativeimpacts.
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INTRoDUCTIoN

With the rapid advancement in artificial intelligence (AI), machine learning, automation, and
robotics,manyjobsareatriskofbeingreplacedbyAIandAI-basedautomationtechnology.Job
replacement,however,isnotanewphenomenon.Thelossofjobscausedbytechnologicalchangeis
termed“technologicalunemployment”(Peter,2017).Somejobs,thathavedisappearedastechnology
hasadvanced,includeswitchboardoperators,elevatoroperators,andtypists.Thedisappearanceof
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obsoletejobsthathavebeenreplacedbytechnologies,isreferredtoas“technologicaljobobliteration,”
eachtimeanindustrialrevolutionhasoccurred,peoplehavebeenconcernedabouttechnological
unemploymentandtechnologicaljobobliteration.

The steam engines in the first industrial revolution resulted in the transition from manual
productiontoamachineindustry.Manymanualagriculturaljobswerereplacedbymachines.The
secondindustrialrevolutionenabledmassproductionbyemployingelectricpowerandimproving
jobautomation,whilethethirdindustrialrevolutionfurtherimprovedautomatedproductionbyusing
electronicsandinformationtechnology.WiththedevelopmentofAIandmachinelearning,aswellas
afusionoftechnologies(suchastheInternetofthings,bigdata,robotics,virtualreality,3-Dprinting,
andquantumcomputing),thefourthindustrialrevolutionhasarrived(Bloemetal.,2014).These
technologiesareblurring the linesbetweenphysical,biological,anddigitalspheres.Further, the
speedoftechnologicalbreakthroughshasnohistoricalprecedent.Whatarethedifferencesbetween
thistimeandthepastindustrialrevolutions?Whataboutthefutureofworkandhumanity?Inthepast
technologicalrevolutions,thephysicalstrengthandspeedofhumanswereovertakenbymachines.In
thefourthindustrialrevolution,notonlyareahuman’sphysicalstrengthandspeedinferiortomachines
incertainjobs,butahuman’scognitiveabilitiesinsomefieldsarealsosurpassedbymachines.The
lattermakesthefourthindustrialrevolutionparticularlydisturbingandunsettling.

AccordingtoaPewResearchCentersurvey,63%ofparticipantswerehopefulthattheexpanding
roleofAIwouldleaveusbetteroff,buttheyworriedthatAIwouldnegativelytransformandaffect
societyatthesametime(Mack,2018).ThefocusofthisresearchistoanalyzetheimpactofAI,
machinelearning,automation,androbotics,andtheireffectonthefutureofworkandhumanity.
Thisarticleisstructuredasfollows:thenextsectionprovidesintroductionstoAI,machinelearning,
automation,androbotics.Then,weanalyzethepromisesandbenefitsprovidedbythesetechnologies.
Challengesposesbythesetechnologiesarealsodiscussed.Finally,aresearchagendaisproposed
thatemphasizestheneedforacademia,industry,andgovernmenttopayattentiontoandpreparefor
theserapidlyadvancingtechnologies.

Artificial Intelligence (AI)
AIisanumbrellaconceptthatinfluencesandisinfluencedbymanydisciplines,suchascomputer
science,engineering,biology,psychology,mathematics,statistics,logic,philosophy,business,and
linguistics(Buchanan,2005;Kumaretal.,2016).AIcanencompassanythingfromAppleSirito
AmazonGo,andfromself-drivingcarstoautonomousweapons.Generally,AIcanbeclassified
intoweakAIandstrongAI.WeakAI,alsoknownasnarrowAI,excels in specific tasks.Most
advancementsinAI,thathavebeenachievedtodate,canbeclassifiedasweakAI,suchasGoogle
AssistanceandAlphaGo.Researchersfromdifferentdomainsare,however,competingtocreatea
strongAI(alsocalledhuman-levelartificialgeneralintelligenceorartificialsuperintelligence),which
willprocessmultipletasksproficiently.AstrongAIisthecontroversialandcontentiousconcept.Many
transhumanistsbelievethatastrongAIcanhaveself-awarenessandbecometheequivalentofhuman
intelligence.OnceastrongAIbecomesareality,anintelligenceexplosionwillbeprecipitatedand
technologicalsingularitymaybeunavoidable.Superintelligencemayemergealmostimmediatelyafter
that(Müller&Bostrom,2016).Superintelligencecanbelooselydefinedas“anyintellectthatgreatly
exceedsthecognitiveperformanceofhumansinvirtuallyalldomainsofinterest”(Bostrom,2014,p.
22).Inotherwords,astrongAIwouldbeabletooutperformhumansinnearlyeverycognitivetask.

Automation
AccordingtotheGoogledictionary,automationistheuseofautomaticequipmentinamanufacturing
systemorotherproductionprocess.InWikipedia,automationisdefinedas“thetechnologybywhich
aprocessorprocedureisperformedwithouthumanassistance.”Basically,automationisasystem
or technology thatautomatessomework thatwaspreviouslydonebyhumans.Parasuramanand
Riley(1997,p.2)definedautomationas“theexecutionbyamachineagent(usuallyacomputer)of
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