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Aboutthe AUand AUDA-NEPAD

THE AFRICAN UNION (AU)

TheAfrican Union (AU) is a continentabody consistingof all 55 countrieson the African continent .t wasestablishean 26th
May 2001 in Addis Ababa, Ethiopia, and launchedon 9th July 2002 in South Africa' with the aim of replacing the
Organisatiorof African Unity (OAU). Themostimportantdecisionsof the AU aremadeby the Assemblyof the African Union,
a semiannualmeetingof the Headsof Stateand Governmenbf its memberstates.The A U Osscretariatthe African Union
Commissionis basedn Addis Ababa,Ethiopia.

The AU wasestablishedollowing the 9th of Septembef 999 SirteDeclarationof the Headsof Stateand Governmentf the
Organisatiorof the African Unity (OAU). The AU is basedonacommonvision of aunitedandstrongAfrica andontheneedto
build a partnershipbetweengovernmentandall segment®f civil society,in particular,women,youth andthe privatesector,
in orderto strengthersolidarity and cohesionamongstthe peoplesof Africa. As a continentalorganisationjt focuseson the
promotion of peace security,andstability. The developmentvork of the AU is guidedby the AU Agenda2063,which is a
50-yearplanto harnes®\ f r i congparativeadvantageo deliveronthevisionof i T lAfsicaWeWa nt 0 .

THE AFRICAN UNION DEVELOPMENT AGENCY (AUDA -NEPAD)

Createdby the African Union Developmen®Agency (AUDA-NEPAD) is a strategicframeworkfor panAfrican socioeconomic
developmentAUDA-NEPAD is spearheadely African leadersto addres<ritical challengedacing the continent,including
poverty,developmentand A f r i ictean@tmnalmarginalsation. AUDA-NEPAD providesuniqueopportunitiesfor African

countriesto take full control of their developmentigendasto work more closely togetherandto cooperatanore effectively
with internationapartners.

AUDA-NEPAD is coordinatecandfacilitatedby the NEPAD PlanningandCoordinatingAgency(AUDA -NEPAD) which was
establishedn February2010asan outcomeof theintegration ofNEPAD into theA U &ssucturesandprocesses. ThAUDA -
NEPAD manages numberof programmesndprojectsin four investmeniportfolios, namelyNatural Resource$sovernance,
Youth and Skills DevelopmentRegionalintegration,Infrastructureand Trade,and Industrialisation Science ,Technology and
Innovation.

* About the African Union https://au.int/en/overvie\
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This TechnologyReportis the productof the African Union High Level Panelon EmergingTechnologiegAPET). It is partof alarger
effort by the African Union DevelopmentAgency (AUDA-NEPAD) to promoteknowledgeand learning,shareideas,provide open
accesdo its researchand contributeto developmenpolicy. The articlesfeaturedin the APET technologyreportis consideredo
have a bearingon the missionof AUDA-NEPAD, and its strategicobjectives,as alignedto the AU Agenda2063,which is a Pan
African vision of an integrated,prosperousand peacefulAfrica, driven by its own citizens, representinga dynamicforce in the
internationakrena.
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Tributes

Prof Calestous Juma

i F awholegenerationandmaybefor future generation®f leadershewasan exceptionateacheandthinkeraswell asone
oftheshininglightsof Africaintheintellectuak p h edDrelbrabim Mayaki, AUDA -NEPAD

A T h evBodadthepleasureof meetinghimd or communicatingvith him onlineandoffd will testify to his warmth,his love
of learningandhisgreaty e n e r ek E. Whyru Eenyatta, President of the Republic of Kenya

i Cal evmsatbrelesschampiorfor economicandsocialdevelopmenin Africa. His legacywill live onthroughthefruits
of his manyyearsof work asanimpassionedcholar fearlessadvocateand mentorto studentsaandpolicymakersaroundthe
wo r [i Billagd Melinda Gates Foundation

fi Whavelostabrilliant mindwho wasdedicatedo innovation,educatiorandAf r i ca 6 s
p r o s p <€Ei Pay Kagame, President of the Republic of Rwanda

i Gi fwithemimensawit, charm,couragehumourandmodesty ararecombinationProfessodumawasatrustedadvisor

to Headsof StateandGovernmenthroughoutheworld on critical issuesaffectinghumankind oday . 0
- The Common Market for Eastern and Southern Africa (COMESA)

Prof Diran Makinde

Many peoplein Africa andaroundthe world will long remembeiProf. OladiranMartin Makindeasa championfor harnessing
Science,Technologyand Innovationfor betterlivelihoodsof the peoplesof Africa; a firm believerthat Science,Technology
andInnovation carco-evolvewith regulationsBut thoseof uswho lived andworkedwith him nearlyeveryday andwill long
achewith his passingknow Prof. Diran (aswe popularly called him) by manyothertitles he held: Husband Father.Brother.
GrandfatherDirector,mentor,advisorandmanymore.

He wasthe sunny,joyful personwho lit everymomentwith his infectioussmile whetheryou meethim in the corridors,staff
kitchen, boardroomfor meetings,but everywhereand always. He had an incredible ability to accommodatend work with

peopleirrespectiveof their differentviewpoints.He cherishedife andlife cherishechim andeveryonenvho methim, everyone
whoknewhim will remembehis invincible smileandcontagioudaugh.

A true gentlemanwith a greatsenseof life who lived up to the positive energyhe choseto bring to thosehe interactedand
interfacedwith everysingleday. His wisdomandguidancewereinstrumentalin the establishmenof ABNE andthe success
that it continuego achieveto datearethe outcomef thefirm building blockshe andothershelpedto puttogetherlOyears

We havenotyet cometo termswith the passingawayof Prof. Diran. We cannotknow for certainasto why heleft usthis soon.
But we remaincomfortedby the assurancéhatwe will meetagainoneday.We prayfor comfort, fortitude,andpeaceto all his
lovedones
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Prof Oyewusi Ibidapo-Oye

In DecembeR016,the late ProfessoOyewusilbidapoObewasappointeda memberof the African Union High level Panelon
EmergingTechnologiegAPET) by thethenChairpersorof the African Union CommissionAUC), H.E. Dr Nkosazan@®lamini
Zuma.This begarnourjourneywith this eminentexpertwhowe fondly calledProf Oye.

His wit, ambienceandwelcomingspirit is a featurehe broughtto APET thatwould not be soonforgotten.

Prof Oy edharacteristiof sacrificing his time and energyfor the continentwasquite authentici hedid thatwith charmand
joy andalwayshadsomethingto contributeto discussionsHe was everreadyto offer to the panelsuggestion®f continental
expertghatcancontributeknowledgeto A f r i devaldpment.

Welook backathisloving tributeto thelate ProfessoCalestougumaandthejoy with whichhespokeof continuinghislegacy
T which he adequatelyfulfilled. Today, we remembersomeonewhoselegacyhasinfluencedmany far and wide; the youth
especiallywerehis heartbeat.

Prof Oye was passionat@boutsustainingA f r i ind@eheusknowledgeandwe at AUDA-NEPAD pledgeto carry on
with hisideason effectivelyharnessingurindigenouknowledgan addressingontinental challenges.

Prof Oye! Your life wasa blessingyour memoryatreasureyou arelovedbeyondwordsandmissedbeyondmeasureThe day
we heardf your death;it waslike a dream.Deathis appointeduntousall, butwe justc o u | adcepithtatit wasyourtime. In
thefew daysto yourdeath youwereactivelywith us,soit wassohardto takethatyou would bewith usno more
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Acronyms

AUDA-NEPAD African Union Development Agency - New Partnership for Africa’s Development

AUC African Union Commission

Al Artificial Intelligence

AIST Artificial Intelligence Science and Technology

AT Artificial Intelligence Technology

AMA Artificial Moral Agent

AU African Union

CAADP Comprehensive Africa Agriculture Development Programme
CJED Calestous Juma Executive Dialogue on Innovation and Emerging Technologies
CcOovID-19 Corona Virus Disease 2019

ETAC Emerging Technology Analysis Canvas

GDP Gross Domestic Product

GPS Global Positioning System

loT Internet of Things

KR Knowledge Representation and Reasoning

LAWS Lethal Autonomous Weapon Systems

MOOCs Massive Open Online Courses
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OAU Organisation of African Unity

PIDA Programme on Infrastructure Development for Africa
PUST Pan-African Union for Science and Technology

S&T Science and Technology

SDGs Sustainable Development Goals

STEM Science, Technology, Engineering and Mathematics
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Executive Summary

Thereis a sharedmotivationamongAfrican andglobal policymakerso improvethelivelihoodsof the African peoplethrough
sociceconomicdevelopmentspirationsknown as theAfrican U n i o(AW) Agenda2063andthe SustainabléDevelopment
Goals(SDGs).Thesesociceconomicdevelopmentspirationsare representativef the sharedenergyand excitementaround
the growth potential of African Member States. Recentprojectionshave predictedthat Artificial Intelligence (Al)-based
technologiewill potentiallydoublethe GrossDomesticProduct(GDP)growthrateof African countriesby 2035,regardingthe
long-term sociceconomicimpact of Al aroundthe world. Therefore,this meansthat harnessingevena fraction of the Al
technologieswould significantly contributeto the sociceconomicdevelopmenbf the African continentand alleviatepoverty
throughsomeeconomicsectors.The key economicsectorsof interestinclude agriculture,healthcarepublic servicesmining,
industry,andfinancial serviceswhich Al-basediechnologiessupportedoy appropriatepolicies, ethicalandlegal frameworks
cansignificantlyupsurgegrowthanddevelopment.

Accordingto STISA-2024, A f r i Agemd@&863andSDGs Africa aspireso mobiliseandpromotethegrowthof aresponsive
Al-technologybasedeconomic systemfor Africa continent. Hence, forwardthinking policymaking, innovative Al-based
businesstartups,global Al technologypartnersgivil societygroups,andinternationalglobalstakeholderareneededo attain
theseaspirations.However, there are structuraland systematicpolicy developmentghat Africa needsto adoptin orderto
advancea healthyAl-basedeconomicsystentor the African continent.This meanghatthe educationabystenmustbe adapted
muchfastertowardsan Al -focusededucationsystemwith theview of creatingemploymenbpportunitiesfor youth, especially
amongwomenandgirls. Gendemunsteadineswithin STEMfields hasbeenreportedo showthatlessthan30%of womenarein
the global scientific researclcommunity. Furthermorewomenare lessthan 22%in Al -relatedfields, more especiallyamong
researcherdrom Frenchspeakingcountriesthan Englishspeakingcountries. Thus, African countriesneedto bridge these
STEMgendelissuesThisimbalancewill drawdrasticconsequencesnthejob marketif this gapremainsunaddressed.

b
¥

?
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Artificial Intelligence  Cybernetics  Problem Solving Deep Learning  Machine learning Robotics Neural networks

The adaptatiorof Al technologyinto the African economycomeswith inherentdevelopmentathallengesNotably, there have
beenmisperceptionspreadagainstAl technologiesAl hasbeenprojectedto be posinga graveand imminentdangerto the
futureof humankind Forexamplejt hasbeenpredictedhatunemploymenandinequalitymayincreaseéecausef theadoption
andimplementatiorof Al globally; thus,contributingto massiveunemploymentndfurther contributeto levelsof inequality.
This is basedon the fact that Al tools and Al-basedartefactsmay completelyreplacehumanactivitiesin somesectorsof the
economyor developinto superioranduncontrollablébeings.However this line of thinking fails to appreciatehe potentialand
massivebenefitsfrom Al technologiesimplementationin the African systems.In contrast,it will take sometime before
generalised\l (strongAl) machinesknown assupersmartmachinescapableof functioninglike humansarefully developed
andexploited.
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Furthermore Al -basedtechnologiesare already enhancingthe education,commerce banking, healthcare agriculture,and
mining sectors.Therefore,African governmentsieedto embracethesechallengesand opportunitiesby creatingappropriate
guidelinesand policies such as legal, ethical, regulatory, safety and privacy frameworks.Consequentlydifferent African
MemberStateshavebeenpresenting numerousl strategiesandinvestingin harnessinghe rollout of Al technologyfor the
sociceconomiaevelopmenbf their countrieshowevermoreinvestmenin Al technologyis neededSomeareasareindicated
below.

Policy andRegulationsAfrican countriesmustdevelopAl-specific policiesandstrategieover the next five years.Presently,
it is only Kenya thahasestablishedn Al taskforce focusedon a nationalstrategy,amongstll the AU MemberStates. Thus,
African countriesmustform policy capacity,andfurtherblueprintnational,regional,andcontinentalAl regulatoryframeworks
that suit the African context. Furthermore thereis a needto gutter investmentstoward prioritised solutionsfor Al-based
developmentTheA U dAgenda2063andConventionon CyberSecurityandPersonabDataProtectioncouldoffer sucha shared
vision for African countrieslt could helpthe countriesforge collaborativeplatformsandnetworksin orderto inform andgrow
Al-specific policies to at least30 African countriesover the next five years.Thereis also critical recognitionto formulate
policies and regulatoryframeworksthat bestsuit the African context,insteadof the copy-andpasteof the madein-the-North
Al policy frameworksthatdo notaddresspecificA f r i oesdssidbpportunitiesTheseprioritiesanddirectionsof Al must
be determinedat national,regional,and continentallevelsto clearthe way for innovation,restrainharmfrom the adoptionof
Al technologiesindsupporthumanrights, safety,andprivacy.

Skills and Infrastructure:Thereis a needto createa conduitof tertiary level educationprogrammesspecialisingin Al, data
science,and otherinterdisciplinaryfields. Building skills and capacityfor Africans can enhancean inclusive Al future and
strengththroughthe communityaswell asformalising Al training andrecruitmentof Al talentin Africa. For example there
could be the creationof 400 African PhDsin Al, datascienceandotherinterdisciplinaryfields overthe nextfive years.This

will enableandfacilitate the formationof anappropriateAl infrastructureand capacity.In addition,this could furtherenhance
the strengthand agility of educationalsystemsin orderto seizethe new digital opportunitiesand underpininvestmentsn

learningoutcomesn machinelearning,artificial intelligence,and datasciencesn Africa. Moreover,thereis a needto focus
beyondPhDs,wherebyAfrican countriesalsotargetand investin the youth at primary and secondaryschoollevels through
mentorshipprogrammedor emergingleaders.Theseinvestmentshouldbe inclusive of womenandgirls soto capacitatehe

nextgeneratiorof Al practitionersinclusionwithin MemberStatesmustguidethe designof responsiveandequitableAl skills

and capacitybuilding roadmapin Africa. Furthermorethereis a call to establishAl Centresof Excellencein eachAfrican

countryby 2030thatcanassistin incubatingideasandfosteringAl communitief practicein aninterdisciplinaryandinclusive
manner.

ApplicationsandInvestmentsThereshouldbe a collectiveinvestmenty African MemberStatesinto collaborativeinnovation
andresearclprioritising solutionareador sustainablelevelopmenin Africa. Thus,theimplementatiorof Al applicationamust
be addressingp e o p deedsos the groundand the potentialbenefitsof Al translatedinto real impactfor African citizens.
Thereshouldbe a groundup approaclof collaborativeideasand practicaltilisation of Al thatenhancesccesgo healthcare,
agriculture,public services panking,and education.This is particularlyimperativefor the mostvulnerablepopulacein rural
areasand help improve the movementof people,goods,and ideaswithin and betweenhastily developingmegacitiesacross
Africa. This canalsobe enhancedy mobilising collaborationamongsta networkof African companiesuniversitiesresearch
centres,and public institutionsin order to advancethe Al researchfor developmentagendaand collective investmentin
collaborativeinnovationandresearchhatis prioritising solutionareador sustainablelevelopmenin Africa. Thesepartnerships
could meanwhen Africansdesignand deployAl applicationssocietalgoalsand humarnights commitmentéike decentwork
conditionsandgenderequalityareintegratednto projectsfrom thebeginning.
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Introduction

The Globalleadershipracein Al hascommencedn earnestVariousnationshavebeenreleasingAl strategiesor declarations
and making investmentsfo harnesghe powerof Al for their sociceconomicdevelopmentCurrently, theseare dominantly
nationsof North America, Europe,Nordic-Baltic, South Pacific (Australia, New Zealand),Arabian (UAE), Latin American
(Mexico) and Russia,as well assomeAsian nationsincluding China, India, Singapore SouthKorea, Taiwan,and Malaysia.
Also included are two African countries,one sub-Saharan(Kenya), and one North African (Tunisia). An analysisof these
strategiedy Tim Dutton (2018)showedsomeelementof uniquenessyith no two strategiedbeingalike, andeachfocusingon

differentaspectof Al policy issuesForinstanceC a n a dlatéategyis distinctfrom otherstrategiedbecauset is primarily

aresearctandtalentdevelopmenstrategy. WhileAfrica cantakea cuefrom theseAl strategyformulationinitiatives, thereis

theimperativeto approactthe questto harnessAl for its developmentyith the mind of providing African solutionsto African

problems.

1.1 Aland the African Union

In aspeechpy thethenPresidenKwameNkrumah,at the foundationsummitof the Organizationof African Unity (OAU), in

Addis Ababa, Ethiopia, on the 24th of May 1963, he is quotedto havesaid: i Wehall accumulatenachineryand establish
steelworksjron foundriesandfactories;we shalllink thevariousstatesof our continentwith communicationsye shallastound
the world with our hydroelectricpower;we shalldrain marshesandswampsglearinfestedareasfeedthe undernourishedand
rid our peopleof parasitesanddiseasesilt is within the possibility of scienceandtechnologyto makeeventhe Saharebloom
into avastfield with verdantvegetatiorfor agriculturalandindustriald e ve |l opment s . 0

Decadesincethatspeechin 1960,the African Union (thenOAU) haspursuedscienceandtechnologyasadevelopmenpriority.
In 1980, the LagosPlan of Action was formulatedwheretherewas a formal expressiorof the awarenes®f the key role of
Science,Technology,and Innovation(STI) in A f r i dewel@mment. The plan of actionrecommendedhe allocationof 1%
GDPbyAf r i c a 6 StatésdowardST| budget.At thefirst congres®of scientistsn Africa on the 30thof June 1987, the
PanAfrican Union for Scienceand Technology(PUST)wassetup with its headquartersn Brazzaville,Congoandthe 30th of
Junewasdeclaredeachyearasthe STI Renaissancdayin Africa. Subsequentlythe AU Science,Technologyandinnovation
Strategyfor Africa 2024 (STISA-2024)wasdevelopedn a joint collaborationbetweernthe African Union Commission(AUC)
andthethenNew Partnershigor A f r i Dewelopnen{NEPAD), asan Expressiorof Agenda2063anda new determination
of the African Union in 2014.This is indicatedin Figurel below. The strategypositionedsciencetechnology andinnovation
at theepicentreof A f r i socd-Gsonomicdevelopmentandgrowth. Its missionwastofi Ac ¢ e A & r attarsifosito an
innovationtled,knowledgebasedec o n o my . 0

In the explorationof technologiesvorth harnessingn Africa, digital technologiesare beingtoutedas a potentialsolution, in
particularAl, which is the bedrockof the 4th Industrial Revolution(4IR). Evidenceaboundson the specificrealisationof Al

application potentialfor socialtransformationrand economicdevelopmentn the advancedeconomiesandthe Al role in the
emergingtransformativedigital revolutionin Africa. Therole of Al in achievingthe SDGsis well articulatedin the literature
(Vinuesaet al, 2020; Goralski& Tan, 2020).In this regard,the casefor Al asan essentiapartof A f r i develépsents
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notfarto seek Thisis betterarticulatedby linking in specificterms,Al potentialsandrelevantUseCasewith thedevelopmental
aspirationsof the African Union, asespousedh the A U 6Agenda2063,themedas thefi A f rwiec av aAlJt2063),andthe
STISA-2024priority areasA furtherreflectionon Al andA f r i framaedvarksarediscussedh Chapterl.

VISION of African Union

"An infegrated, prosperous and peaceful Afica driven and managed by its own ciizens and representing
a dynamic force in the intemational arena’

Figurel: TheRoleof STlin Achievingthe Visionof the African Union
1.2 Current Challenges on the Continent

1.2.1 Health

Numeroushealthcaresystemsn Africa arecharacterisethy manualsystemswith no follow up of ancestralineagesn mostof
the public healthfacilities. Thisis attributedto the low adoptionof digital healthdespitethe presencef e-governencypolices.
Most of the traditionalresearchools usedin Africa arefast becominginadequatdo assistdatascientistsand researcherin
keepingabreastvith any globalhealthchallengesFurthermorehealthsystemsn Africa faceseveralstructuralandoperational
challengesuchasshortage®f qualified healthcargprofessional@ndsupplies.This resultsin divergentoutcomedor patients.
In addition to accessibilitybarriersbetweenrural and urban areas,thus causinghealth facility accessibilitydisparities,the
lack of awarenes®n healthissuescanbe a barrierto seekingcare, receivingmore effective treatmentsand effecting better
publichealthpolicies.

1.2.2 Agriculture

Agricultureis very criticalto A f r i socéoécenomiagrowth sincetheagriculturalsectoremploysover65%ofthec ont i nent 6 s
labourforce. This sectoralsocountsfor 32%o0f the GDP.However thesectorfacesnumeroushallengesuchasthedegradation

of land, increaseddlependence omorganicfertilisers,weak supply chain,limited marketfor the produce emergingpestsand
diseasesandclimatechange However,despitethe potentialof Al improving agriculturein Africa, it is still unavailable
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outsidegovernmentabnd researchbodies. This is due to the high acquisitioncostsfor the equipmentsuch as dronesand
automating fieldtasks.Furthermoreagricultureis a $3 trillion industry thatemploysover 1.5 billion peopleglobally. Hence,
therearepredictionghatup to millions of field workersmaybecomeunemployedn thenextfew decades.

1.2.3 Education

Many of the educationsystemsn Africa do produce graduatesho arereadyfor the job market.However,thereareconcerns
thatyouthin Africa areunableto join theglobal IT industry. This is becauseheyouthlack accesgo the appropriateeducation,
theyneedto advanceheir careersThey canonly access thesd skills thatthey needonly whenthey travelto Europe,China,

Canadaandthe USA, beforereturningto Africa andattemptewbusinessem thelT field.

1.2.4 Energy

Af r i enaxgysystemdace enormouschallengesecausef limited capacityin electricity generatiorand experienceAfrica

offersthe mostacuteforms of energypovertyin theworld. It is estimatedhatover630million peopleacrossAfrica live without

reliableaccesso electricity andaffordablemoderncookingfuels. Consequentlysolarenergyhasgainedincreasedisageacross
African countriesHowever,mostof thesesystemsarenotfully exploitedto full life cycledueto theirpoormaintenance.
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TheAtrtificial Intelligence Technology

2.1 Definition of Artificial Intelligence

Art ificial Inte llige nce (Al) refersto thesimulationof humanintelligencein machineshatareprogrammedo think like humans

andmimic their actions.Thetermmay alsobe appliedto any machinethatexhibitstraits associatedvith a humanmind suchas
learningandproblemsolvingl.lt is alsoknownasafield of studywhich triesto makecomputerdi s m aThaseAlbcomputers

are meantto work on their own without being encodedwith commandsJohnMcCarthy cameup with thenamefiar t i f i ci a
i nt el linl956.AMherearetwo differenttypesof Al thatareknownto exist. Theseare specialisedartificial intelligence

(weak Al) and artificial generalintelligence(strongAl). SpecialisedAl focuseson performingoneor two functionsand get
betteratthemovertime. On the otherhand,artificial generalintelligence(AGI) is the hypotheticalintelligenceof a machine

that hasthe capacityto understanabr learnany intellectualtaskthata humanbeingcan. Thus,AGlI is aprimary goal of some

artificial intelligenceresearclandacommontopicin sciencdiction andfuturestudies.

Al is adiscipline thatis justover60 yearsold. It hasevolvedin the past 2§earsfrom being amaturefield of researchwith a
potentialfor realworld impactto onewhosetime hascome.Currently,the questionis not whetherAl technologiewill have
an impact, but ratherwhich subareasof Al will developthe nextimportantsetof Al technologiesandin which application
areaswill it havethemostsignificantimpact.The purposeof this sectionis to provideabrief overviewof Al asadisciplineand
to exploreits benefitsand potentialpitfalls. Perhapssurprisingly,thereis no universallyagreedupondefinition of whatAl is.
In part, this stemsfrom our perceptionof intelligencein artificial contextsbeingsituationallydependentaind changingasthe
technologyadvancesThus, Al is often a victim of its own successOnceAl technologygainstraction, it ceasedo be an
exemplarof Al. For example ,while a calculatorwas at somepoint viewed as an instanceof Al, this is no longerthe case.
BroadlyspeakingAl canbeviewedasa form of dataanalysisin which conclusionsarereachedn a sophisticatedvay andthen
actedupon.

One of the more useful definitions is the one that was providedby Nils Nilsson,which was:fi Aik that activity devotedto
making machinedntelligent, andintelligenceis that quality that enablesan entityto function appropriatelyand with foresight
initse nv i r o Mowever this@efinition leavesa substantialscopewhen it comesto decidingwhethera behaviouris
intelligent. Furthermorejt is alwaysbeneficialto outline whatAl is not. Thus, it is alwaysimperativeto distinguishAl from
Cognitive Sciencen orderto show that Al doesnot involve the replicationof humanintelligence,eventhough, numerous
Al technologieshavebeeninspiredby humanintelligence.lt is alsoimportantto realisethata crucial componenbf many Al
systemss thatit mayberequiredto provideexplanation®f its behaviouito humans.

Al is a mature,diverse field of researchdrawing from disciplines such as Big Data, ComputerScience,Data Science,
Engineering Statistics MathematicsApplied MathematicsCognitive Science and Philosophy Al encompassea wide range
of techniguesand methodologiesHowever,our goalin this sectionis notto cover allof Al, butratherto focuson thoseareas
thathave hadomerecentpracticalreatworld successesandthosethat are mostlikely to leadto major advancesn the near
future. Thus, it is importantto notethatfocusingexclusivelyonthe currenttrendingtopicsis adangeroustrategy andthat Al

1 (Jake Fankenfield, reviewed by Gordon Skott, updated 13 March 2020) https:/ivww.i i \ceai.asp
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shouldbe appreciatedor whatit is, which is a maturefield of studythatshouldbe exploredin a broadercontext.Oneof the
main reasondfor taking this view is that Al techniquescan be combinedto achievemore complexintelligent capabilities.
Notably,thedoomsdayscenario®f Al posinga graveandimminentdangerto the future of humankindarefictional. However,
Al technologiesare alreadyinfluencing our lives andwill continueto do so in future. Acrossthe world, Al technologiesare
extending and enhancingp e o p Wedl-besng in their homes, schools, and clinics. Like most other technologies,Al

technologiesalso havethe potentialto be abused.Thus, it is up to us as a society,governmentsand industry to ensurethat
policiesareputin placeto ensurethat Al technologiesare utilisedin a responsiblenanner. Inthis regard, appropriatpolicies
areneededurgentlybecausemuchasthe technologicakingularity in Al may be decade®r centuriesaway,breakthroughén

technologiesrenotoriouslyhardto predict.

Unemploymentandinequality are the greatesdangersposedby Al roll-out globally and Africa in the shortto-mediumterm,
possibly contributingto massiveunemploymentThe anxietyis that Al tools and Al-basedartefactsmay completelyreplace
humanactivitiesin somesectorof theeconomyHowever thisline of thinking fails to appreciatehe possibility of the potential
andmassivebenefitsof Al technologiego therestof the African population.This meanghat Al cannotbe restrictedto a select
andprivilegedfew, andthusfurther contributingto levelsof inequalitythatarealreadyunacceptabljhigh worldwide. Butit is
possibleto circumventsuchundesirableonsequencesf Al developmentsEventhoughpresently Al technologieseemto be
replacingspecifichumantasks,ratherthanjob categoriesjf correctly dealtwith, the implementationof Al technologiesan
leadto tremendougconomiayrowth. In fact, Al cancontributeto economiahroughputandascertairthatall Africanscanshare
the benefitsof Al. For thesepositive outcomeso occur,robustand effective public policiesrelatedto Al needto be adopted
andenactedirgently.

2.2 Overview of different types of Al

The different kinds of Al include ReactiveMachines,Limited Memory, Theory of Mind and Self AwarenessThe first two

typesareknown asspecialiseddl (weakAl) andthelast twoareknown asartificial generalintelligence(strong Al).Reactive
Machinesarethe mostbasictype of Al systemsThis typeis purely reactiveanddoesnot havethe ability eitherto form new
memoriesor utilise past experiencesn order to inform current decisions.An exampleincludesan | B M éhgssplaying

supercomputeknownasDeepBlue. This systembeatthe internationalgrandmaste6Garry Kasparovin the late 1990sin chess.
DeepBlue canidentify the pieceson achessboardndpredictthe nextmovesfor itself andits opponentMoreover,it canselect
themostoptimalrealignmentsrom amongthe possibilities. However,it doesnothaveany concepif thepast,norany memory
of whathasalreadyoccurred.

The otherkind of Al is known asLimited Memory. This Type Il classcontainsmachineshat can considerthe pastto learn
from. For example self-driving vehiclescanobserveotherv e h i speedaaddlirectionto deerminetheir own. This function
cannotbe donein a singlemoment,but rather,it requiresidentifying specificobjectsand monitoringthemovertime. Hence,
theseobservationsareaddedto the selfdrivingv e h i ¢ l-peogrdmmpdepresentationsf the world. This representatioof

theworld alsoincludeslanemarkings traffic lights andotherimportantelementssuchasthe curvesin theroad. Thesefeatures
andconsiderationgreincludedwhenthe vehicledecideswvhenandhow to changdanes,avoid cutting off anotherdriver and
beinghit by a nearbyvehicle.However,thesesimple piecesof information aboutthe pastare only transient.This meansthat

they arenot savedaspartof thev e h i libtary &f experiencethatit canlearnfrom. This is differentfrom the way human
driverscompileexperienc@veryearsbehindthewheel.

The Theory of Mind is a Type Il Al thatis amongthe machinesthat will be built in the future. It falls underthe Al
machines knowmasAGIs. Thistype of machineds moreadvanced. Nobnly doesit form representationaboutthe world, but

alsoaboutotheragentsor entitiesin the world. In psychology this functionis knownasthefi t h eofonti yn @heidt h efor y

mi nid anunderstandinghatpeople creaturesandobjectsin theworld canhavethoughtsandemotionsthataffecttheir own
behaviourWithout the understandingf eachothe6 sotivesandintentions,and without consideringwhat somebodyelse
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knows eitheraboutthemselver the environmentworking togetheris at bestdifficult, and at worstimpossible. Thus,if Al
systemsare indeedeverto walk amongus, they will haveto be ableto understandhat each ofus hasthoughtsandfeelings.
We alsohaveexpectation®nhowwe aretreated Thus,thesemachinewill haveto adjusttheirbehavioumccordingly.

Selfawaremachinesarethefinal steptowardsAl developmentThesearesystemghathavebeenbuilt suchthattheycanform
representationaboutthemselvesUltimately, Al researchersvill not only understancdconsciousnesbut build machinesthat
haveconsciousnes§hisis, in asenseanextensiorof thefi t h efori yn gbssessely typelll Al machinesConsciousness
is alsocalledii s @lwfa r e Ipeeasissconsciousheingsare awareof themselvesknow abouttheir internal states,and can
predictfeelings of others.Human beings can assumethat someonehonking behind them in traffic is angry or impatient
becausedhatis how they alsofeel whenhonking at others.Therefore without a theory of mind, humansand future machines
cannotbe ableto makesuchkind of inferences Even though,this kind of selfawaremachinesis probablyfar from being
createdAl inventors andresearchers should foctieeir effortstoward understanding memotgarningandthe ability to base
decisionon pastexperiencesThis is animportantstepinto understandingpumanintelligenceon its own. This will beacrucial
aspectowardsdesigningandevolutionof Al machineghatare morethanexceptionalat classifyinginformation presentedo
them.
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2.3 Artificial General Intelligence (Strong Al)

2.3.1 Testsfor Determiningintelligencein Al Machines

Thereareteststhat canbe consideredo confirm humanlevel AGI. The first oneis known asthe Turing test.In this kind of
test,a machineand a humanboth conversewith a secondhumanthat cannotbe seen.The secondpersonmustthen evaluate
which of thetwo is the machine Passinghetestinvolvesconvincingtheevaluatorin asignificantfractionof thetime. Notably,
Turing doesnot prescribevhatconstitutesandqualifiesasintelligence However thedeterminatiorthatthe objectis amachine,
doesdisqualifyit. The secondestis knownasthe CoffeeTest.In this test,a machineis requiredto enteranaveragehomeand
figure outhowto preparecoffee.Thisinvolvesfinding the coffeemachineandcoffee,addingwater,finding amug,andbrewing
the coffee by pushingthe properbuttons.On the other hand,the Robot College StudentTestinvolves a machineenrolling
in a university, takingandpassingthe sameclasseghathumanswould, and obtaira degreeThe Employmentestinvolves a
machinethatworksin aneconomicallyimportantjob andperformingatleastaswell ashumansn thesamegob.

As of 2017, over 40 organisationsvere actively researchingAGl. Various criteria for intelligencehavebeenproposed.The
mostfamouscriterionis knownasthe Turing test.However,to date,thereis no definition thatsatisfieseveryoneNevertheless,
hereis a widespreachgreemenamongAl researcherthatintelligenceis requiredto reasonstrategisesolvepuzzlesandmake
judgmentsunderuncertainty Intelligencealsohasto represenknowledgeincluding commonsenseknowledgeandbe ableto
plan,learnand communicateén naturallanguage Furthermorean intelligent being shouldbe ableto integrateall theseskills
towardscommongoals(Baumet. al., 2017).Otherimportantcapabilitiesinclude the ability to sensethe environmentsuchas
seeingandtheability to actsuchasmovingandmanipulatingobjectsin theworld whereintelligentbehaviouiis to be observed.
This would include the ability to detectand respondto hazardoussituations. Numerousinterdisciplinary approachego
intelligencesuchas in cognitivesciencecomputationaintelligenceanddecisionmakingtendto emphasis¢he needto consider
additionaltraits suchasimaginationwhichis the ability to form mentalimagesandconceptghatwerenot programmedn and
are autonomous Computefbasedsystemssuch as computationalcreativity, decision supportsystem,automatedreasoning,
robot, evolutionarycomputation andintelligentagentexhibit mostof thesecapabilities but not yet at humanlevels(GracekEt.
al.,2018).

2.3.2 Early Estimatef Processing?ower Needetb Emulatethe HumanBrain

Forlow-level brainsimulation,an extremelyformidablecomputemwould be required.The humanbrainhasnumerousynapses.
Eachof 10" (100billion) neuronshason averager,000synapticconnectiongsynapsesjo otherneuronslt hasbeenestimated
thatthe brainof a 3-yearold child hasabout10* synapsesgquivalento 1 quadrillion. But this numberdeclineswith ageand
stabilisingby adulthood.Estimatesvary for an adult, rangingbetween10* and 5x10 synapsesequivalentbetween100 and
500 trillion. An estimateof theb r a pracéssingpower,basedon a simple switch modelfor neuronactivity, is around10%,
equivalentto 100 trillion, synapticupdatesper second(SUPS).In 1997, Kurzweil investigatedvarious estimationfor the
hardwarerequired to matchthe humanbrain activity. He suggestedhat an appropriatefigure could bel0' computationgper
second(cps).For comparisorpurposesif afi ¢ o0 mp u waséequivalerdto onefl f | o-pointio p @ r adneasurgisedto
ratethe currentsupercomputershenl10fi ¢ 0 mp u twauldibeequs/alento 10 petaFLOPSThiswasachievedn 2011.He
usedthis figure to predictthatthe necessary hardwamould beavailablesometimebetweern?2015 and 202% the exponential
growth in computerpower at the time of writing continued.Figure 2 showsthat the fastestsupercomputefrom the TOP500
(500 mostpowerful nondistributed computersystemsin the world) mappedby year. Notably, the logarithmic scale and
exponentialtrendline which assumeshe computationatapacitydoubleeveryl.lyears Kurzweil believedthatmind uploading
will be possibleat neural simulation, while the SandbergBostromreportis less certain aboutwhere consciousnesarises
(Sandberget. al.,2009;Kurzweil, 2005).
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Figure 2: Estimates of howmuch processng power is needed to enmuate a humanbrain at variouslevek (Sandlerg etc Al. 2009

2.3.3 Modellingthe Neurons

The artificial neuronmodelassumedy Kurzweil andusedin numerouscurrentartificial neuralnetwork implementationss

simple comparedwith biological neurons A brain simulationwould likely haveto capturethe detailedcellular behaviourof

biological neurons,presentlyunderstoodonly in the broadestof outlines. The overheadintroducedby full modelling of the

biological, chemical,and physicaldetails of neuralbehaviour,especiallyon a molecularscale,would require computational
powersseverabrdersof magnituddargerthanK u r z westimhatélrs addition,the estimateglo notaccountfor theglial cells,
which areat least asiumerousasneuronsandmay outnumber neuronsy asmuchas10:1. Thesearealsonow knownto play

asignificantrolein cognitiveprocesses.

Somecurrentresearchprojectsare investigatingthe brain simulation using more sophisticatecheural models,implemented
on conventionaktomputingarchitecturesThe Al systemprojectimplementechon-reattime simulationsof afi b r awitm100
neurongn 2005.1t took 50 dayson a clusterof 27 processors$o simulatel secondf a model. The Blue Brain projectusedone
of thefastestsupercomputearchitecturesn theworld, in | B MBIl Geneplatform,to createareattime simulationof asingle
rat neocorticalcolumn,in 2006.This systemconsistedf approximatelyl0,000neuronsand 108 synapses-However,alonger
term goal is to build a detailed, functional simulation of the physiological processesn the human brain. But, Henry
Markram,the Director of the Blue Brain Project,in a 2009 TED (Technology,EntertainmentPesign)conferencen Oxford,
statedthatit is possibleto build a humanbrain, andthis could be donein 10 years.Therehavealsobeencontroversiaklaims
to havesimulated a catbrain. Neurosilicon interfacediavebeenproposedasan alternativeimplementation strateghat may
scalebetter.In addressinghe argumenthatbrainsaremorecomplicatecandneuronshaveto be modelledin moredetail. Hans
Moravecin his 1997 paperknown asfi Wh aviti computethardwarematchthe humanbrain?measuredhe ability of existing
softwarein order to simulatethe functionality of neuraltissue,specifically the retina. His resultsshowedthat the activity did
notdependn thenumberof glial cells,northekind of processingieuronsvheretheactivitieswerebeingperformed(Sandberg
et.al.,2009).
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2.3.4 Criticismsof SimulationBasedApproaches

A fundamentactriticism of the simulatedbrain approach deriveBom embodiedccognition wherehumanembodimentis taken
asanessentiabhspecbf humanintelligence Numerougesearcherbelievethatembodiments necessaryo groundmeaning If
this view is correct,any fully functionalbrain modelwill needto encompassnorethanjust the neuronsj.e., a robotic body.
Goertzelproposedvirtual embodimentsuch as the SecondLife, but it is not yet known whetherthis would be sufficient.
Moreover,it is known that desktopcomputersusing microprocessorsapableof more than 1° cps havebeenavailablesince
2005.According to the brainpowerestimatesusedby Kurzweil and Moravec,this computershouldbe capableof supporting
a simulation of abee brain. However, despitesomeinterest,no such simulation exists. The reasonsfor this phenomenon
include the fact that the neuron model seemedoversimplified. Furthermore,there is insufficient understandingof higher
cognitive processedo accuratelyestablishwhat the b r a ineui@lsctivity, observedusing techniquessuch as functional
magneticresonancémaging, correlatesvith. Additionally, evenif our understandingf cognitionadvancesufficiently, early
simulation programmesare likely to be extremelyinefficient and will. Therefore,this needsconsiderablymore hardware.
Lastly, the brain of anorganism,while critical, may not be an appropriateboundaryfor a cognitive model. To simulatea bee
brain, it may be necessaryo simulatethe body andthe environment.The ExtendedMind thesisformalisedthe philosophical
conceptandresearchnto cephalopodfiasdemonstratedlearexamplef a decentralisedystemIn addition,thescaleof the
humanbrainis not currentlywell-constrainedOneresearcher estimateédatthe humanbrain is about100 billion neuronsand
100trillion synapsesOtherresearcheralsoestimatedhatthe humanbrainis 86 billion neuronspf which 16.3billion consists
of the cerebralcortex and 69 billion is the cerebellum.Glial cell synapsesare currently unquantifiedbut are known to be
extremelynumerous.

2.3.5 StrongAl andConsciousness

In 1980,a philosopheiknown asJohnSearlecoinedthe termii s t rAd asgartof his ChineseroomargumentHe wantedto
distinguishbetweenwo different hypothesesboutartificial intelligence.The first hypothesisvasthatan artificial intelligence
systemcanthink andhavea mind. The otherhypothesisvasthatanartificial intelligencesystemcanonly actlike it thinksand
hasa mind. Thefirst oneis calledfi t &trengAl h'y p ot hndtheisecand s WeakAEh y p ot Mleisdsibscaus¢he
first onemakesthe strongerstatemensinceit assumesomethingspecialhashappenedo the machinethatgoesbeyondall its
abilitiesthatwe cantest. Searlereferredto thefi s t r ohnygp oAtlhs@ s it $AO n @ T his atsocansmargneacademic
Al researchand textbooks.On the other hand,the weak Al hypothesisis equivalentto the hypothesisthat artificial general
intelligenceis possible. Accordingto RussellandNorvig, i mo Al tesearchertakethe weak Al hypothesidor granted,and
do not careabout the strongAl h y p o t Hnecenitrastto &earle,Ray Kurzweil usesthetermfi s t rAd mdglescribeany
Al systemthat actslike it hasa mind, regardles®f whethera philosophemwould be ableto determineif it actuallyhasa mind
or not. In sciencdfiction, AGI is associatedvith traits suchasconsciousnessentiencesapienceandselfawarenessbserved
in living beings. However, accordingto Searle,it is an open questionof whethergeneralintelligenceis sufficient for
consciousnes$i St rAd nagddefinedaboveby Kurzweil, shouldnot be confusedwith S e a riil setérsomygp oAtIilees i s . 0
strongAl hypothesiss the claim thata computemwhich behavesasintelligently asa humanbeingmustalsonecessariljhavea
mind andconsciousnessiowever,AGI refersonly to the amountof intelligence thathe machinedisplays,with or without a
mind.

2.3.6 ControversiesindDangerf AGI
2.3.6.1Feasibility

As of March 2020, AGI remainsa speculativetechnology.As such, there are no AGI systemsthat have demonstrated
functionality. Presently ppinionsvary on whetherandwhenartificial generaintelligencewill arrive,andif it mayarriveatall.
At oneextremeAl pioneeHerbetA. Simonspeculatedh 1965thatmachineswill becapablewithin 20yearsof doinganywork
amancando.However this predictionfailed to cometrue.Ontheotherhand Microsoftco-founderPaulAllen believedthat
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suchintelligenceis unlikely in the 21st century becauset would require unforeseeableand fundamentallyunpredictable
breakthroughanda scientifically deepunderstandingf cognition.Writing in The Guardian roboticistAlan Winfield claimed

the gulf betweenmoderncomputingand humanlevel Al is as wide as the gulf betweencurrent spaceflight and practical

fasterthanlight spaceflight.Additionally, Al e x p evietsoidthe feasibility of AGI wax and waneand may haveseena

resurgencén the 2010s.Four polls conductedn 2012and2013suggestedhatthe medianguessamongexpertsfor whenthey

would be 50% confidentAGI would arrive was between2040 and 2050, with the meanbeing 2081. Of the experts,16.5%

answeredwith fi n e vwhen askedthe samequestion.However,90% of the expertshad confidencein the succesf the

technologyin future(Boucher2019).

2.3.6.2 Potentiakthreatto humanexistence

ThethesisthatAl posesanexistentialrisk, andthatthis risk needsnuchmoreattentionthanit currentlygets,hasbeenendorsed
by many public figures. Perhapshe most famousare Elon Musk, Bill Gates,and StephenHawking. The most notable Al
researcheto endorsethe thesisis StuartJ. Russel.Endorsersof the thesissometimesexpressbafflementat sceptics.For
example Bill Gatesstatd that he doesnot understandvhy somepeopleare not concernedaboutA G| @otentialthreatsto
humanity.StepherHawkingcriticisedwidespreadndifferencein his 2014editorialandsaid:

fi S tacingpossiblefuturesof incalculablebenefitsandrisks, the expertsaresurelydoing everythingpossibleto ensurethe best
outcomeyight? Wrong. If a superioralien civilisation sentusamessagsaying,0 We érrivéin afewd e ¢ a diaulgl wegust
reply, 6 O Kall uswhenyou getheré w e @elavethelightso n Prébablynoti but thisis moreor lesswhatis happeningwith
Al

Numerousscholarswho are concernedaboutexistentialrisk believethat the bestway forward would be to conductextensive
researchinto solving the difficult control problem. This will thereforeanswerthe questionof what types of safeguards,
algorithmsandarchitectures caprogrammerde ableto implementin orderto maximisethe probability thattheir recursively
improving Al would continueto behavein a friendly, ratherthandestructivemannerafterit reachesuperintelligenceOn the

otherhand, thethesisthat Al canposeexistentialrisk alsohascountlessstrongdetractorsScepticssometimeshargethatthe

thesisis cryptoreligious, with an irrational belief in the possibility of superintelligenceeplacingan irrational belief in an

omnipotentGod. At anextremeJaronLanierarguedthatthe whole conceptthatcurrentmachinesarein any way intelligentis

anillusion anda stupendougon by thewealthy (Hamblin,2014). However,much of the existing criticism argueshat AGI is

unlikely to berealisedn the shortterm. ComputerscientistsuchasGordonBell arguedthatthe humanracewill alreadydestroy
itself beforeit reachegshe technologicakingularty. GordonMoore, the original proponentf theMo o r L&, declaredthat:

fi Bmasceptic. Ido not believethat atechnological singularitis likely to happenat leastfor along time. And | do not know

why | feel that wa y Andrew Ng, the Vice Presidentof Baidu statedthat Al existentialrisk is fi | iwloreying about
overpopulatioron Marswhenwe havenotevensetfootontheplanetasy e t . 0

2.4 Specialised Artificial Intelligence (Weak Al)

The transportsectoris oneof the major beneficiariesnf the weak Al wherea significantcontributionhasbeenmade.As with
otherapplicationareasof Al, the primary reasonfor the existing widespreadadoptionof Al in transportatioris the scaleand
diversity of individual andpopulationlevel transportatiordata. Therefore this hasmadepossibleinnovationon a variety of Al
applicationsrelatedto transport,such as reattime prediction and route navigation. For example, GPS deviceswere first
introducednto vehiclesin the early 2000sand arefastbecominga fundamentapartof transportation infrastructurdhe same
goesfor other devices with sensingcapabilitiessuch as accelerometers&nd moisture sensors.Moreover, autonomous
transportationwhetherit be in the form of autonomouspublic transport,self-driving cars,or selfdriving trucks,is likely to
becomehenormin thenearfuture.
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BusinessProcessAutomationusing SmartDevicesand Roboticsis anotherapplicationareawith greatpotentialin Al. While
automationin variousforms hasbeenusedin numerous industrief®r yearsiit is only in the past+15 yearsthat physicalrobots
andsmartappliancedavestartedto enterp e o pHoreeSasdbusinessesThisis due,in largepart,to a positivefeedbackoop
where Al advancesare inspired by mechanicalinnovationswhich, in turn, prompt new Al techniquesto be introduced.
Furthermore,advancesn hardwareare making it possibleto embedhigh-performing specialisedprocessorsnto low-cost
devices.Thereforethis meanghatit will soonbepossibleto supportmoresophisticated\l in smartdeviceghanwaspreviously
possible.For example,in recentyearslow cost, safe,robot armshavebeenintroducedto hundredsof researchaboratories
aroundtheworld.

Healthcareis anotherapplicationareaworth considering.As with most of the other applicationareasthat were considered,
progressn machinelearning,coupled with thepossibility of large-scaledatacollection,is makingit possibleto diagnostically
infer possiblehealth risks automatically. This could potentially provide for an experiencewhere the humandimensionof
careis augmentedwith automatedreasoningprocessesThis phenomenoris already happeningto some extent and will
continueto improvein future. Additionally, drivenby the mobile computingrevolutionit hasbecomepossibleto combinesocial
andhealthcarelata.Thereby,openingpossibilitiesfor prediction bothon thepersonabndpopulationlevel thatwould otherwise
be simply impossible.As in otherapplicationareasthe main obstacledor Al technologiedo reachtheir true potentialin the
areaof healthcareare not technological but ratherpsychological sociological,ethical,andlegal. Theserelatenot only to the
efficacy andaccuracyof thesemethods butespeciallyin the health domainto securityand privacy concernslt is crucial that
Al systemsgain the trust of both healthcareprofessionalsaand ordinary people.In this context,improvementsn methodsfor
interactingwith medicalprofessionalandpatientswill beacritical challenge.

Thefinal applicationareafor consideratiorfor weak Al is Public Safetyand Security,asit is amongsthe mostcontroversial
Al applicationcomponentLike the others,t is anareain which Al tools havealreadybeendeployedsuccessfullyln this area,
perhapsmore than in others,it is imperativeto gain public trust. This is becausethere are legitimate concernsthat the
incorporationof Al into the maintenancef public safetyand securitycould becometoo pervasiveandinvasive.At the same
time, it is worth notingthatAl couldalsocontributeto reducingthe overbearingolicing methodshy ensuringhatsuchmethods
aretargetedappropriatelyand usedonly whenneeded For example machinelearning carsignificantly enhance thability to

predictwhereand when crimesare mostlikely to occurandwho may be responsiblfor committing them. Such predictive
policing tools could raisethe spectreof innocentpeoplebeing unjustifiably targeted.Thus, well-deployedAl predictiontools

have the potentialto removeor reducehumanbias, ratherthan reinforcing it. Therefore,it is imperativethat researchand
resource®edirectedtowardensuringthis effect. Similarly, tools alreadyexist that are beingusedfor scanningvarioussocial

mediaforumsto look for certaintypesof eventsandhow theymayimpactsecurity.Forexample Al canhelpin socialnetwork
analysisto prevent thoseat risk from being radicalisedby violent groups.Hence,law enforcemenagenciesareincreasingly
interestedn trying to detectplansfor disruptiveeventsfrom socialmediaaswell as monitor activities at large gatheringsof

peoplein orderto analysesecurity.But the very succes®f suchmethodshasled to legitimate concerns abotlte potentiafor

law enforcemenagenciesto overreachandusesuchtoolsto violatep e o ppriveady.s

2.5 Addressing the myths and misconceptions about Al technology

Al hassparkedexcitementand robustliscussionamongSTIs acrosyariousplatforms.Notably, therehavebeendiscussions
aboutthe unprecedentedotentialof Al to possiblyrevolutioniseall aspectof p e o plives.sldwever,aswith anythingnew,
thereare certainly myths and fake newssurroundingthe adoptionof Al in our everyd a ylides. This hasraisedtremendous
concernamongthepublicthathasledto fearanddistrust.Thus,this sectionintendsto addressomeof thebasicmisconceptions
andfrequentlypeddledmistruths.
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Thefirst myth aboutAl is that Al will completelyreplaceall jobs. Certainly,it hasbeenpredictedthatthe adventof Al and
automatiorwill potentiallydisruptthe labour forceIn somesituationsiit is alreadydisrupting numerousdustriesacrossthe
globe. However, it is misleadingand an oversimplification to considerthis transition as a straightforwardtransfer of

labourfrom humansto machinesBasedon historicalobservationspreviousindustrialrevolutionshaveundeniablyresultedin

the transformatiorof the employmentandscapelFor example duringthe 19th century therewasa massshift from agricultural
work to factoriesamongnumerouseconomiesacrossthe world. In the 20th century,the introduction of computersand the
internetled to arobustincreasean jobs. Thenumberof jobs createcbecaus®f thesetransformationsvasadjustedor therapid
growth in populationthat had principally remainedconsistentMoreover,despitewhat doommongershave proclaimedwith

regardsto job lossestherehasbeenvery limited actualevidencethat suggestshe likelihood of massiveunemploymentueto

widespreadredundancyof humanworkforces.In contrast,there have been strong forecastsof possiblebetter productive
economicactivities that will be afforded by the increasedefficiency and reduction of waste that automationpromises.
Consequentlythis will provide the workforce with more optionsfor better spendingtheir time on productiveand income

generatingpursuits.In the shortterm, employersare generallylooking at Al technologyas a methodof augmentinghuman
workforcesandenablingthemto work in newerandsmartemways.

The secondmyth is thatonly low-skilled and manualworkerswill be replacedoy Al andautomation.This is a misconception
becauseAl -basedrobots and machineryare generallyreservedfor sophisticatedasksin manufacturingmining, healthcare,
banking,andpublic servicesThis is aimedat reducingthe drudgeryof the day-to-day aspectof thework. For examplejn the
legalfield, Al canbe utilisedin hastily analysingnumeraldocumentsso to extractrelevantinformationfor ongoingcasesin
healthcaremachinelearning algorithmscan analyseand evaluatescansof X-raysfor diagnosticpurposeson early warning
signsof diseasesastheyareprovingto be highly competenait detection However,mostof theseAl technologiesandmachines
will requiretheinterventionof the humantouchprocedureén their operationsFor example alawyerwould still haveto present
argumentsn courtin front of ajudge.In medicine thehealthcargractitionerswill still needto consultwith their patientsabout
the diagnosisand discussthe future careprotocolsin the mostconsiderateand helpful way. Theseaspectof the jobs areless
likely to be automatedbut membersof their respectiveprofessionsould find thatthey havemoretime for their jobs. This is
becausehe mundanedrudgeryis routinely automatedand tediousaspectf their jobs had beeneliminated. Therefore,the
practitionersnaybecomemorecompetenattheirjobs.

Thereis anothermperceptionthat superintelligent computerswill developto a level wherethey becomesuperiorto humansat
performing tasks. Broadly speaking, there two groups of Al applicationsknown as specialisedand generalisedAl.

Specialiseddl involvestechnologieshatarefocusedon performingonejob, or working in onefield, andbecomingncreasingly
goodatit. Thelegaland medicalapplicationsaretypical examplesof suchtechnology. Ornthe otherhand,generalisedl are
technologieghat are capableof applying themselvesto severaldifferent tasks, just as humanor natural intelligence can.
However,this kind of advancements still somewhatfurther off to being realised.Thus, it is more likely thatit will take
sometime beforethiskind of generalised\l -inspiredrobotscomefaceto-facewith humansThisimpliesthatit will takesome
time beforeartificial intelligencequickly overtakesand outpacehumanintelligence.This misconceptioris broughtaboutby
imagining that intelligenceis manifestedin a linear scale.This is perpetuatedy the fact that humansalwaysimaginethat
perhapsa n i nmszdreatthelower endof the scale humansareat the higherend,andwith supersmartmachinesat the top of
the scale.However, in reality, intelligenceis appraisedin severaldimensions.For example,when regardingthe speedof
calculationsandcapacityfor recall,computersanfar outpacehumansBut thesupersmartmachineslonotpossesthecreative
ability, emotionalintelligence suchasempathyand strategicthinking, which are qualitiesthatonly humanscanoffer, at least
in theforeseeabléuture.
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2.6 Recent Advancesin Al

An analysis of thénistory of computingtechnologieshows thatechnologicakchangesare usually exponentialThis is in line
with RayK u r z wfe L dofiAsceleratingR e t u (Karaweil, 2000). This meansthat, astime passestechnologychanges
faster.This phenomenorhasalso beenobservabldn the advancesn Al technologiesTherefore this demandghat both the
currenttechnology landscapaswell asits ebbs andlows, be clearly understoodConsequentlyA f r i abilitydtsrealisethe
future of the Al technologieswill dependon herown developmentayy o a dostextthat requiresa masteryof the change Al
technologiesare causingchangedgo the technologylandscapéy creatingnew segmentsuchas self-driving cars,destroying
existingsegmentsuchas GPStrackers,and transformingothertechnologicasegmentsuchasautomobilesThus, for Africa
to greatly harnessAl for its socice ¢ 0 n o progeessfihe prerequisiteis to classify, exploit, and outline emerging Al
technologiesccordingo A f r i fraraefvark. Therefore African needdo eitherembraceor overlooksomeaspecbf Al asthe
deviationsin the landscapecontinueto unfold. In this way, Africa must invest, utilise, and influence the Al technology
implementatiorfor costeffectivenessframeworkassessmenthusA f r i socaécenomialevelopment.

Overwhelmingevidenceis showing that Al is a disruptive and transformativeset of technologies,and Africa is on the
cuspof suchanAl revolution.Al, asadisciplineof justover60 yearsold, duringthefirst 40 yearsof its developmentsomeof
theimportantAl successegere limited to researchaboratoriesHowever,duringthelast20 years the substantiathangesand
developmentf sophisticatedntelligent systemswere adoptedby governmentsand numerousindustries,worldwide. The
factorsthat havesignificantly contributedto this dramaticshift includedthe developmentsn the fields of ComputerVision,
Natural LanguageProcessing(NLP) and Knowledge Representatiorand Reasoning(KR). NLP is a mixture of atrtificial
intelligenceandcomputationalinguistics. This meansNLP isthema ¢ h iahiliy &ogprocessnformation(whatis beingsad),
structureheinformationreceiveddeterminghenecessaryesponseandrespondn alanguagehathumansanunderstandThe
most popular applicationsof NLP include machinetranslation,speechrecognition,sentimentanalysis,question,answering
(concernedwith building systemsthat automaticallyanswerquestionsposedby humansin a natural language),automatic
summarisation,and chatbots (several channels,including the internet, applications,and messagingplatforms). Another
applicationof NLP is marketintelligence,wheremarketerauseNLP to searchfor peoplewith a likely or explicit intentionof
makinga purchaseln thiscasep e o pHeledasiron theinternet,maintainingpageson socialnetworksandqueriesto seach
enginesprovidea lot of usefulunstructureccustomedata.Selling theright advertisementfor internetusersallows Googleand

Facebooko makethe mostof its revenueln this case advertiserpay Googleeverytime a visitor clicks on an advertisement.

A click can costanywherebetweena few centsand more than $50. Moreover,NLP canbe usedin text classification.Text
classificationis thetaskof assigninga setof predefineccategorieso freetext. Textclassifierscanbeusedto organisestructure,
andcategoris@lmostanything.

Machinelearning,assub-areaof Al, hasenhancedearningandpredictivealgorithmsaswell astheprogressn relevanthardware
technology Consequentlythis hasled to the availability of unbelievablyhefty amountof datathatweremostly harvestedrom

hugeonline repositorycompaniesuchas Google,Facebookand Amazon.Notably, the advancesn MachineLearninghave
significantly benefittedother sulrareasof Al suchascomputervision, speechrecognition,affective computing,and natural
languageprocessing.Thesebenefitshave also cascadedo automateddecisionmaking. Machine learning focuseson using
statisticaltechniquego build intelligent computersystemsn orderto learnfrom databaseavailableto it. Currently, Machine
Learninghasbeenusedin multiple fields andindustriessuchasmedicaldiagnosisjmageprocessingprediction,classification,
learningassociationegression.

Anotherexampleof machinéearningis speechrecognition.Speectrecognitionis thetranslationof spokenwordsinto the text,
known ascomputer speectecognitionor automaticspeectrecognition.Here,a softwareapplication carrecognisethe words
spokenin anaudioclip or file, andthensubsequentlgonvertthe audiointo atextfile. The measuremerin this applicationcan
be a setof numbersthat representhe speectsignal. The speectsignalcanbe segmentedby intensitiesin different
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time-frequencybands.Thus, speechrecognitioncan be usedin applicationssuchasvoice userinterface,and voice searches.
Voice userinterfacesncludevoicedialing, call routing,andappliancecontrol. It canalsobeusedasa simpledataentryandthe
preparatiorof structureddocumentsin MedicaldiagnosisMachineLearningcanbe usedin diagnostidechniquesandtools of
diseasedt is usedfor theanalysisof theclinical parameterandtheir combinatiorfor the prognosis.

Recentadvances automatediecisionmakingarelargely attributedto development the areaof learningto dealwith matters
of representatiomnd scalability An excellentexampleof suchadvancemenis in robotics, wherenavigationin staticfamiliar
environmentsis essentiallya solved problem. Neverthelesscurrent researchis focusedon developing capabilitiesand
functionalities of robots into being able to operateunder unfamiliar environmentsthrough active and continual learning
capabilities.The successfuhdvancemenof deeplearning,which is an advancedand complexform of neuralnetworks,has
enhancedll systemsof automationjncluding roboticsandexpectedo continuethis trendinto the nearfuture. Thetraditional
modelof computingprovidesfor clearly separatednodulesfor input/output,instructionprocessingand memorymanagement.
Presentlythe deepneuralnetworks are simulatesh machineduilt with the standard modedf computingin mind. Thusit is
anticipatedthatso-calledneuromorphiccomputersmachineghat havebeendesignedasedon biologicalneuralnetworksand
premisedon a radically different modelof computing,will providea much betterenvironmentin which to train and execute
deepneuralnetworks possiblyleadingto evenbiggergainsin the applicationof DeepLearning.Forexampleresearcherbave
beenableto restoreaninjuredm a n sersseof touchby usingBrain-ComputernterfaceTechnologyin USA (BattelleandOhio
StateUniversityWexnerMedicalCentre).

In line with the socialaspecbf Al discussedbove,is the premisethata wide arrayof devicesjncluding appliancesyehicles,
andbuildings,canbeinterconnectedo collectandsharetheir sensoryinformationin sophisticateéndintelligentways,leading
to the so-called Internetof Things (I0T). It is expectedthat Al canprocessand usethe resultinghugeamountsof data.The
advantagef Al in theloT is thefact that Al could help streamlineand makesenseof the bewilderingarray of incompatible
communicatiorprotocolsthesedevicesemploypresently An inevitableconsequencef the myriadsof suchdevicesbecoming
linked to online systemss thatthe wholeindustrywill bein possessionf large datasetsvhich canbe analysedor different
purposesndexploitedfor goodor otherwise.
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2.7 Conclusion

Leading countriesin Al, have shown that creating enabling environments,for increasingcooperationand exchangeof
information betweendiversestakeholdersacademiajndustry (including startups and entrepreneursxivil society(including
NGOs and think tanks); policymakers and regulators will accelerateadvancementin Al applications. Multi-sectoral
collaborationis essentiafor the safe,ethical,and beneficialdevelopmenandthe utilisation of Al technologiesThus, Africa
shouldnotbeleft behindin activeparticipation postingAfrican perspectivein the ITU-facilitatedseriesof Al for GoodGlobal
Summit.The GoodGlobalSummitbringstogetheigovernmentsindustry,academiaandcivil society,to exploretheresponsible
developmentof human centric Al in solving h u ma n grang éhallenges,including acceleratingthe SDGs. Specific
recommendationsn this aspectireprovidedin the latter part of this booklet. Furthermore numerouscountriesand economic
unions have shownthat it is critical to enactpolicy and regulatoryframeworkthat promotesAl harnessingand encourages
innovation and investmentto successfullyimplementAl applicationendeavoursCurrently, AU should encourageAfrican
governmentso pursuea deliberateandproactiveapproachio implementsupportiveregulation policies,andinitiatives. Lastly,
thereareseveralareagelevantto the developmenbdf Al-enabledrobustdigital economieswherepolicymakersshouldfocus.
This is elaboratediponin thelatterpartof thisreport.

In this section,a rangeof applicationdomainsin which Al technologieshavealreadyhadanimpact,andwhereAl technologies
are likely to have an impact in the next few decadesare considered With the increasinginterestfor numerousAfrican

governmentsn implementingAl for their countriesjt is alsoappropriateo look for opportunitieghatexistandchallengeghat
thesecountrieswill facewhenincorporatingAl into their systemsThis is becauseumerougpeoplehavebeenconfusedabout
whetherto start Al-baseddevelopmentbecauseof the dilemmaof how Al will impacton socioceconomicdevelopmentand

growth. The reasonfor this uncertaintytiesin the strongperception thafl will disrupt everyaspecofp e o plives,bence,
Al appearso emanatenthusiasnandscepticisnmsimultaneouslyor numerousommunitiesacrosgheglobe.
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Al Applications and Opportunities

3.1 Current and possible future applications of Al

The applicationsfor artificial intelligenceare endless.The technologycan be appliedto numeroussectorsand industries.
Al-enabledsystemsas at now are being adaptedand incorporatedinto different applicationsacrosshealthcareagriculture,
mining, industry,and governmenpublic serviceenterprisesasthey get more sophisticatedAbney, 2013).Al is beingtested
and usedin the healthcareindustry for dosingdrugs and different treatmentin patients,and for surgical proceduresn the
operatingroom. Worth noting is that Al is still growing traction as a maturing technology,and current Al systemsstill
possesgjuite a basiccapacityto recognisehe humanexpressiontone,emotion,andsubtletiesof humaninteraction.Progress
hasbeenmadeattemptingto teachcomputerdo accomplisHimited actionssuchasplayingagame,recognisinganimage,and
predicting traffic flow/congestionsMore innovative work remainsto be developedbefore Al-basedtechnologiesthat can
performhumantasksarerealised However,it is encouraginghat Africa andthe restof the globeare currentlyundergoingan
unparallelegeriodof technologicainnovation.

Perhapsthe mostimportantfactorrelatesto the recentadvancesnadein the sub-areaof Al knownasmachinelearning.These
advancesavebeenrealisedby development learningandpredictivealgorithms(suchasregressiorandtrendanalysis based
on statistics,and artificial neural networks,which are computationalmodelsand can mimic the humanbrain), progressn
hardwaretechnology,andthe availability of incredibly large amountsof data,primarily collectedon large online repositories
by companiesuchasGoogle,FacebookandAmazon.Theadvancesn machindearninghavehadhugelybeneficialeffectson
othersubareasof Al, mostparticularlycomputerision, speechrecognitionandnaturallanguageprocessinglt hasalsohad a
beneficialeffect on automateddecisionmaking. Recentadvancesn automateddecisionmaking can largely be attributedto
developmentin the areaof machinelearningin orderto dealwith mattersof representatioandscalability. A typical example
of sucha phenomenoiis robotics,wherenavigationin staticfamiliar environmentss essentiallya solvedproblem.But current
researchis largely focusedon the developmentof ways and methodsthat can enable robotics operationsin unfamiliar
environmentsThisis wheremachindearningplaysacrucialpart.

3.2 Opportunities

Althoughthe focusin Al is on the automationof intelligentbehaviourthereis a clearrecognitionthatintelligencefrequently
involvesthe cooperatiorof somekind betweenstakeholdersThis cooperationrcan be forgedwith humanbeingsand/orother
intelligentsystemsPresentlythereis stronginterestin the developmenbf suchCollaborativeSystemsThefocusis primarily
on the developmenbf formal modelsof collaborationand capabilitiesneededby CollaborativeSystemsto becomeeffective
partnersThe advantag®f, andindeedthe necessityor, instilling collaborativecapabilitiesinto Al systemsshouldbeobvious.
A typical exampleof suchan advantagas in the applicationdomainof self-driving vehicles.For instance suchcompanies
include Googleand Teslathat have alreadydemonstratedhe feasibility of this technologywith respectto driverlessmotor
vehicles.Nonethelesdpor thesesystemdo be scalableo a sophisticatedevel of collaborationwithin, aswell asbetween self
driving vehiclesandhumanswill proveto becrucial.In asimilar vein, theareaof Crowdsourcingand HumanComputationis
premisedon the assumptiorthat humanabilitiesin someareaswill, for the foreseeablduture,be superiorto thatof automated
methods.Additionally, Crowdsourcingand Human Computationare premisedon the fact that the greatestsolutionswill be
obtainedby harnessing combinationof the abilities of humanbeingsand Al machines. The best exampfesucha systemis
known as Wikipedia. Wikipediais a knowledgerepositorythat far exceedsnoretraditional information sourcea termsof both
scaleanddepth.
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3.3 CurrentusesofAlin Africa

3.3.1 Agriculture

Agricultureis oneof thesectordn Africa thathasobservedremendousontributingto Al-basedechnologiesAl techniques
areusedto solvevariousproblemsn agriculture including:

Weatherprediction;

Soil monitoring,for examplesoil fertility, overfertilisation;

Automatedrrigation;

New farmingtechniquesvith smartgreenhouses;

Cropmonitoring,for examplegdeterminingsowingdepth,sowingdate;

Harvesting Forexample CROOTroboticsfor picking strawberriesand
Pestsdiseasesandweedsprediction.Forexampledetectinggrasshoppersswell asidentifying weedsand
decidingwhento applypesticides.

T To To Do I Do Io

Datais capturedusingdronesand/orembeddedystemsn farming machinery.Thereafter Al techniquesareimplementedo
analysethis obtaineddatato find solutionsfor the variousagriculturalproblems.n SouthAfrica, thereareseveralAl startups
thatare solving suchproblemsin agriculture.For example MySmartFarm Aerobotics,DroneClouds,and FarmDriveare Al -
enabledtechnologiesdevelopedn SouthAfrica in orderto addressagriculturalissuessuchas plant diseasediagnosis,price
prediction,marketing, expertconsultationandaccesso financialservices.

3.3.1.1 CaseStudy: FarmDrive:Al-EnablednnovationProviding- AlternativeCreditScoring
Modelfor SmallholdefFarmers

This casestudyrelatesto the Agenda2063goal of modernisingagriculturalactivitiesfor improvedproductivityandproduction.
Undoubtedly agricultureis cardinalto A f r i fduse6The continenthasmostof thew o r laldeland, with overhalf of the
African populationemployedn the sector.And also, it is thelargestcontributorto total grossdomestigoroduct(GDP) (AGRA,

2018).However,farmerscomprisethe largestand poorestgroup at the bottom of the pyramid. So, financial tools for farmers
canhavearemarkablyhighimpactpotentialon their sociceconomiaevelopmenandgrowth. Thisis becaussustainedjyrowth
in theagriculturesectorhasprovento be 2 to 4 timesmoreeffectiveat reducingpovertyandimproving livelihoodsthangrowth
in other sectors(AGRA, 2017). Millions of smallholderfarmersin Africa are struggling to supporttheir families and
communitiesthroughagri-businessThis is becausdessthan 10% havetheir economicneedsmet by the financial sector.In

addition,less than1% of banklendingin Africa goesto agriculture(AGRA, 2017).In theabsenc®f accurateandcosteffective
methoddor assessingmallscaleagriculturalcreditrisk, financialinstitutionsarereluctantto lendto smallholdeffarmers.Thus,
this shortfall contributessignificantly to the $450 billion global agriculturefinancing gap acrossthe globe (AGRA, 2018).
Consequentlywithout accesdo credit, smallto-mediumfarmersremainunableto purchaseguality inputs, make productive
investmentsandimprovetheirproductivityandharvests.

Familiesand communitiesface real frustrationsin agriculture,and as a result, realisemeagreharvestafter monthsof toiling

away. Additionally, capital requiredto purchasethe critical farming inputs that could potentially improve their yields and
revenuess oftendeficient.Consequentlystartup companiesuchasFarmDriveareemployingAl -enablednnovativesolutions
thatareaimedat bridging the gapbetweensmallholderfarmersandfinancial institutions.This could resultin the unlocking of

accesdo creditfor smallholderfarmers.FarmDrive utilises mobile cellular phonesalternativedata,and Al machinelearning
techniguesto closethe critical datagapthat preventsfinancial institutionsfrom lendingto creditworthysmallholderfarmers.
FarmDriveenablesmallholderfarmersto haveaccesdo loansandfinancialmanagemertbolsthroughacellularmobilephone
applicatiorcalledFarmDriveApp. Thisapplicationenablegarmergo registeron FarmDriveby SMSto 21342 Onceregistered,
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the applicatiorallows farmersto keeprecordsof their farming businessactivitiessuchasincomeandexpensesThis becomes
atrustedsourceof financialbehaviourandstandingof farmerswhich canthenbe utilised for applyingfor loans.Farmerscan
obtainloan approvalsandreceivethe loan via M-PESA (anotherinnovationfor financial services)It alsoallows for farmers
timely repaymentsof the loan. Thus, F a r mD r alternatidesAl -basedcredit risk assessmentnodel provides financial
institutionswith anagriculturallyrelevantanddatadrivenmodelto assessisk anddeveloploansthatfit theneedsf smallholder
farmers.Consequentlyi-armDrivehasthe potentialto unlock millions of dollarsof previouslyrisk-aversecapitalto smallholder
farmersthat can potentially improve the livelihoods of communities.Thereby,alleviate poverty, hunger,and inequalities.In
relationto the AU 2063, consideringthatin Africa, sustainableagricultureis the mosteffectivetool to end poverty,the Al -
driven FarmDriveinnovationis of greatrelevanceSpecifically,FarmDrivehasthe enablingpotentialto contributeto:

A Bridgingthecreditaccesgiapfor smallholdefarmersthusenablingthemto properlyfarm, with quality inputs,the
fertile landspacdn African nations,andso,contributeto lifting millions outof poverty.

A Equippingmillions of smallholderfarmersin Africa to increasetheir productivity,andthereforecontributingto improved
food security towardszerohungergoals.

A Providingalternativecreditscoringmodelthatensuredinancialinclusionfor thedisenfranchisedvomenthatmakeup
60%of African smallholderfarmers.

A Revitalisingagri-businessndprovideA f r i youth@ith quality, sustainableconomimpportunitieswith the
introductionof datadrivenAl technologysolutionsfor thechallengegacedin agriculture.

A Capacitatsmallholderfarmersto haveaccesso credit,andsocansustainabhcontributeto economialevelopmenivhile
improvingtheirlivelihoodsandleadingto reducednequalities.

3.3.2 Mining

In Africa, Al hasbeenusedin themining industryto addressariousissuesFor examplejn the SouthAfrican mining industry,

a smartsortsystememployedby TOMRA Kumba usesdronesto drill holesand drop explosivesfor excavationE x x ar o 6 s
Grootegelukcoal mine usesdronesfor surveyingandmappingin orderto increaseproductionthroughbetterefficiencyin coal

mining.

3.3.2.1 CaseStudy, Dronesfor Mining

Theuseof dronesandAl hascontributedto automatingpperationsn minesin Africa. Forexample Rocketminds amining
start up thatis basedn Johannesburg his company services min@srosghecontinent including NigeridNamibia,and
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GhanaFormappingpurpose@ndexcavatiorfor newsourcef minerals periodicmining surveysareimperativeto the proper
functioning of the mines.Traditionally, theseperiodicmining surveyshavebeenperformedmanually,bi-monthly,with aircraft
flying overthemines.However,Rocketminehasprovidedasolutionin which the manualsurveysarenow conductedy drones.
Thesedrones areisedto capturephotographswhich arethenanalysedoy using Al techniquesn orderto conductthe survey.
A similar approachhasalsobeenemployedin E x x a Groofegelukminein Limpopo, SouthAfrica. This mining areaposes
hazardousand dangerousconditions for surveyors. Thus, drone technology becomesan appropriateand costeffective
approachfor carrying out surveysin this mining area. Furthermore,with the drone technology coupled with Al, datais

provided much more frequently, which is on 12-hourly shifts, insteadof twice a month asa resultof the manualsurvey.
Additionally, at RossumUraniumin Namibia,Rocketminds usingdronesto identify the locationandmovemenbf stockpiles.
Moreover,Rocketminehasalsoemulatedminesdigitally to enablecontractordo manageminesremotely. The Belfastminein

Mpumalangdasalsobeenemulatedigitally.

3.3.3 Manufacturing

Sinceits inception,Al hasbeenplaying a critical role in manufacturing Someof the earlierapplicationsinclude designand
planningof plantsand machinesfault diagnosessuchas maintenancef industrial facilities. As the field progressedAl has
providedeffectivesolutionsto industrialvehiclerouting problems productpackagingoroblemsandschedulingof machinesn
industriesForexample Opsisystemss aspin-off companyfrom the Universityof Witwatersrandn SouthAfrica. Opsisystems
focuson softwaredevelopmenaind consulting,specialisingin the supply chain,with a specificfocuson vehicle logisticsand
demandprediction. This serviceis useful for manufacturingcompaniesbecausehey are able to transporttheir productsto
clients.Moreover, Alhasalsobeenable toprovidesolutionsto problemsin cybersecuritysuchas networkintrusiondetection,
malware detection,fraud detectionand anomaly detection.South Africa Al-enabledData Prophetusedfor manufacturing
industryquality assurancautomation.

3.3.3.1 CaseStudy:DataProphetor ManufacturingndustryQuality AssuranceéAutomation

Dataprophetis a suite of Al systemsolutionsfor manufacturingndustry automation genericallynamed,OMNI. OMNI is a
predictiveAl systemfor manufacturing. When coupled productiondata,OMNI learns fromthe availabledatato becomean
expertadvisorwith experiencén productionhistory,ableto guidethe productionteamto eliminatedefectsandscrapto minimise
downtime. Usingts Al computer vision toolsyamedOMNI Vision, it functionsasa machinevision systemthatenhanceshe
effectivenesof humanquality control operators.This enablesthe systemto locate and classify defectson componentghat
the systemhasneverseenbefore.Hence,by learningfrom historic data, dataprophetcan build up modelsto predict where
andwhentheseproblemsmay recur,and pre-emptively recommendorrectiveaction,leadingto costsavings.OMNI Vision,
rather than using templatematchingto detectmanufacturingdefects,usesAl machinelearning techniques,to provide a
comprehensiveisual Quality Control solution, for Industry4.0. OMNI Vision hasa provenrecordof accomplishmenin the
foundryindustry, wherét hashelpeda sizeablegreensandcastingfoundry, to significantly cut down on commondebilitating
castingdefects.

Notably,sinceDataProphetwasinventedin Africa, thisis changingthegloballandscap®f technologytransferflow thatplaces
Africa asa netimporterof technologiesput as an innovator.For example the DataProphetAl -enabledconversationahgent
for inquiries and emotiondetectionvia the image hasbeenintegratedinto a gamefor the major Japanesgublisher,Bandai
Namco.Also, DataProphehascontractedvith manufacturinggiantsin Germanyandthe US to deployits Al solutions.

For example,in 2018, Data Prophetsecureda fi m u-iillion d o | fuadmg@round from venturecapital firm, known as
Knife Capital,whichintendedo drive theexpansiorof its internationabfferingsinto the US andEurope.
DataProphet, agnAl-startup companygdoesthefollowing:

1 Contributego sustainableconomicgrowthin the manufacturingsector thusattractingventurecapitalinto the African
economy;

1 Focusen manufacturingjuality controland contributesto the advancemendf industrialisation aswell asfostering
innovationthatleverageso the SouthAfrican GDP;and

1 Createknowledgebaseddecentemploymentfor its workforce and attractsventurecapitalinflow for African economic
growth.
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3.3.4 Health

Al is the mostdiscussedopic in healthcarenot only in Africa but globally. This is, however,sparkingongoingdebateabout
theethical,clinical, andfinancialprosandconsof relying on Al algorithmsfor patientcare.Neverthelesgp build suchsystems,
thereis a needfor reliabledatawhich is notreadily availablein Africa. Thereis alsoa needfor robustclinical evaluationusing

metrics that are intuitive to clinicians and ideally go beyond measuresof technical accuracyto include quality of care
and patientoutcomesAdditionally, Al-empoweredsystemscan beusedin speedingpatientinformationretrieval, processing,
triage, diagnosesand postcare follow up. For example,in Uganda,a startup, known as Global Auto SystemsLtd has
implementedan integratedoncology managemensystemto keeptrack of cancerpatientsin severalprivate cancerscreening
units. This clearly demonstratethat Al systemscanbe usedfor reliable,timely and accuratediseasediagnosisand detection.
This can be achievedby analysingpatternsin health and testing data such as machinevision analysisof X-Rays, Al for

microscopyslide analysisof papsmearsand malariaslides.For example,a researcheat MbararaUniversity of Scienceand

Technology(MUST) developeda platform dubbedPapsAlfor automateddiagnosisand classification ofcervicalcancerfrom

papsmearsFurthermore, Akystemscanbe usedto provideinformationto the public andhealthcareproviders.For example,
Online Conservatiomgents(OCA) canprovide expertguidanceto the enduser.Moreover,telemedicineapplicationscanbe

usedto remotelydiagnosevarioushealthconditionsusingimagesfrom camera®f asmartphone.

Al is also playing an importantrole in the health sectorin Africa. For example,in Kenya, Al is being utilised to assist
patientsandmedicalfacilities in identifying the availability of medicalsupplies.This hasresultedin a50%increasan medical
supplyavailability. Moreover, Alis also beingusedfor diagnosticpredictionandearly cureor treatmentor healthchallenges
suchas cancer,malaria,and birth asphyxia.For instance,in rural clinics in Kenya Al is usedto detectcervical cancer.In
addition,IBM Researctin Kenyais employingAl to preventthe spreadof Malaria. Furthermorein Nigeria, Buenais usingAl
to detecthepossibility of birth asphyxia.

Notably, resistanceo medicationhas also beendetectedusing Al in Africa. For example, The Heal in South Africa has
employedAl to predictHumanImmunodeficiencyirus (HIV) drug resistanceand non-adherenceo tuberculosigreatments
for infectedpatients Additionally, in North Africa, Computeraideddetection(CAD) systemsn mobile systemsarebeingused
to assistwith mammogram&xaminationin orderto preventbreastcancerMoreover, Al hasbeenemployedto providepatient
supportandadvice.For example a companyknown asWoebotin the US hasdevelopedan applicationwith an Al chatbotthat
can provide a platform for health practitionersto diagnosepatientswith their medical healthcomplications.In addition, in
Nigeria,Aajoh usesAl to providethe public with medicaldiagnosesiponsubmissiorof symptomsn the form of text, images
andaudioclips.

3.3.4.1 Case Study on Health: Imaging Diagnosis

ImagingdiagnosignvolvesusingAl to analyseX-raysin orderto providemedicaldiagnosesAn exampleis acompanyknown

asEnvisionitDeepAl in SouthAfrica. ThiscompanyusesAl for pediatricradiologyto assistradiologistswith diagnosesGiven

theshortageof pediatricradiologistsn Africa, EnvisionitDeepAl aimsto provideanalternativesolution.This companyfocuses
on the analysef X-raysfor respiratoryand congenitalheartdiseaseThesediseasefiavebeenidentified asthe main causes
of mortality in childrenunderthe ageof 5 yearsold. In asimilarinitiative in Nigeria, ChestEyehasbeendevelopedo diagnose
tuberculosifrom chestX-rays.Thisis becaus@umerougpeoplearedying from tuberculosisyearly dueto thelack of timeous
diagnosesas a resultof the shortageof radiologistsin Africa. Both Al systemsare also ableto provide radiologistswith a

priority list of patientdbasedn their conditions.

3.3.5 Energy

Despitesteadyeconomicgrowth in Africa, widening electricity accessn Sub-Saharancountriesremainsproblematic.
Wind, solar, geothermaland hydro energyare exploredasthe main potentialsolutionsto meetfastgrowing energy
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demand.Many Al applicationsare developedin Africa to transformrenewableenergythroughincreasedefficiency. Such
effortsarefocusedprimarily on optimisingthe production distribution,andconsumptiorof energy;the developmenbf smart
grids and intelligent electrical networks and in optimising the performanceof solar, photovoltaic, wind, and maritime
installationsForexample jn Morocco,a modelbasecn multi-layerperceptror(MLP) canpredictthe evolutionof theglobal

monthly solarirradiation. In Nigeria, artificial neuralnetwork (ANN) basedmodel are appliedfor the predictionof solar
energypotential.In Algeria, hybrid learningmodelsareforecastinghe energyconsumptiorfor heating cooling,anddomestic
appliancesin SouthAfrica, ANNs aretestedfor an appraisalof energyconsumptionin industrial sectors.Othersystems
include forecastingand modelling of meteorologicaldata, sizing of photovoltaic systemsand modelling, simulation and

controlof photovoltaicsystemsisingneuralnetworks fuzzy logic, evolutionaryalgorithms andgeneticalgorithms.

3.3.6 Education

Oneof the main contributionsthat Al is makingin SouthAfrica is dataanalyticsto predictstudentperformanceandidentify
learning difficulties. For example,identifying potentialfailure in a particular courseand basedon this putting mechanism

in placeto assistearnersovercomdlifficulties is imperative Similarly, the Virtual University of Senegalvith morethan29,340
studentss exploiting an e-learningplatform with tools to predictthe mostinfluential learningobjectsonthel e a r fimalr s 6
mark. Additionally, Lainos World developedn Nigeriais a multi-mediaGeographyedutainmensoftwaredeployingAl with
speectsynthesisandpathnavigation.n 2011,with agrantfrom theInterAcademyPanelandthe NigerianAcademyof Science,
theproductwaslocalisedinto French SpanishGermanPortugueseRussianandChinesdanguages.

3.3.6.1 CaseStudyon EducationLearningAnalyticsfor StudentSuccess

Another areain educationin which Al is making an impactin Africa is in learninganalytics.Learning analyticsinvolves
predictingstudentsucces®r failure ratewith the aim of puttingin placemechanismgo assistpotentiallyfailing studentsin
SouthAfrica, the Siyaphumelelgprogrammehasbeenlaunchedo employdataanalyticsthatcanpotentiallyimproves t udent s 0
success.This project involves 5 South African universities,namely, University of Pretoria (UP), Durban University of
Technology(DUT), University of WitwatersrandWITS), NelsonMandelaUniversity (NMU) andthe University of FreeState
(UFS). The projectis fundedby the KresgeFoundationto promotethe collection and analysisof datafor studentacademic
successThe Departmenbf Educationinnovationat UP hasemployedearninganalyticsto predictacademidailure andputin
placeinterventionsn orderto supportstudentsn academicsuccessA similar initiative hasbeenputin placeat the University
of South Africa (UNISA) where learning analyticsare being usedto identify risk modules,perform studentprofiling, and
identify studenbehavioursandhabits.The University of PortHarcourt(UPH) in Nigeriahaveusedlearninganalyticsto predict
studenfailure atschools.
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3.3.7 Finance

Al is alsosignificantly contributingto thefinancialsector Forexample Al hasbeenusedby financialinstitutionsandbanksin
orderto determinecreditrisk whenmakingdecisionsn grantingloansandcreditto customersFinancialinstitutionshavealso
beenusingAl for frauddetectionln trading,therehasbeenawide-scaleuseof Al to predictstockandinvestmenperformance.
AnotherareathatAl is contributingto is predictingcustomerchurn.In thefuture, it is anticipatedthat Al canbeusedto create
automatedadvisorsthat can advise clients on different financial options. A South African bank has employeda robot to
communicatewith clients providing personalisednteractionsand advisethem using voice recognitionand humanemotion
recognition.Similarly, SouthAfrican startups DataProphetandClevvauseautomateddvisorsto assistlients.Kudi.ai, an Al
startupin Nigeria,usesan Al -drivenchatboto assistusersan makingpaymentndsendmoneyto theirfamiliesin Nigeria.

3.3.7.1 Case Studyn Finance Botsfor Clients

Online botshavemadea majorimpacton bankingin Africa. For example Kudi.ai, a Nigerianbased stastip, is makinggreat
stridesin incorporatingAl into banking.The companyhasdevelopedhe chatbotKudi which assistscustomerswith paying

their bills, buying airtime, transferringmoney, monitoring banking accountdetails,and reminding customerswhen bills are
due. Kudi canbeusedvia any messagingpp.A studyconductedn 2019revealedthat 7% of financialinstitutionsin Kenya
haveincorporatedthe useof chatbotsinto daily operationsfor customerinteractions.The study also demonstratedhat most
customerdoundthatinteractionswith chatbotswverea positiveexperienceStockshop.co.z&s a SouthAfrican startup thathas
beencreatingbot solutions for stock market investments.One such solution is using chatbotsto find suitable financial

consultantsand brokersfor customersBots havealsobeenusedto conductreattime identity verificationandadvisecustomers
basedntheirfinancialhistoryandemotionalques.

3.3.8 African cultureheritage

Africa is zealousof its heritage Al canmakeheritagemorevisible andaccessibldor futuregenerationsAspiration5 of Agenda
2063 of the Africa we want envisagesan Africa with a strong cultural identity. Thus, restoring,conserving,and preserving
A f r i coltarél beritageis a responsibilitytowardsfuture generationsTherefore, Al canrestore,preserveAfrican heritage,
and makeit accessibleo all, thusbridging betweerpastandpresentThe preservatiorandenrichmenof cultural heritagewill
assistin safeguardinghousandsof A f r i ana@edtsnanuscript. Among them are the slave trade archives, West African
documentgollection, Timbuktu (Mali), manuscriptgrom the 17thcentury,Egypti Treasure®f Dar Al-KutubA from the 17th
century,EthiopiaTreasuregrom National Archives,SenegaFondsof thefi A f r Ocgideetald= r a n - (AQFs18961959),
TanzaniaNational Archivesand recentlypreservingthe Mandeladocumentarymemory.The restorationof theseold degraded
handwrittendocumentsandtheir digitisationwould exposehesecollectionsto awider audienceandprovideexpertswith more
efficientworking methodsn termsof informationretrievalandcontentanalysis.

3.3.9 Publicservicedelivery

In most of the African countries,c i t i exmernieacéwith public services can often be challenging. Public services
deliveryis characterisedy corruption, inadequatesupplies,lack of accuracyand transparencyslow responsetimes; and

generally poormuality leadingto low levels of citizen satisfaction.To addresshesechallengespublic sectororganisations
can use datascience andAl capabilitiesto deliver policy andgenerateefficienciesin high-uncertaintyenvironments.
However,manypolicymakersvho areto passandimplementthe Al systemsn their respectivecountriesareanxiousaboutthis

kind of developmenthence they sabotagesuchAl-enabledpublic servicesdelivery implementation. Thiis attributedto lack

of properinformationandfearof transparencyn Al systemssincesomeprivateand public sectorofficials suspicioushybenefit

from thesecorruptedandnontransparensystemsenabledyy themanualsystemseingutilisedin public serviceoffices.
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Al technologiescan significantly streamlineprocessesind reducecostsin public servicesdelivery. For example,it hasthe
potentialto easeadministrativeburdens,paperwork,and backlogs.Thus, increasepublic sectorefficiency and the speedat
which public servicescanbe delivered.Furthermoreijt canbe usedin numerousasesuchasantirmoneylaunderingmeasures
throughcasemanagementnddecisionmaking.Al canalsobe usedto achieveclient satisfactionfor financial servicesfirms.
Al systemsanbeutilisedto track customebehaviourandthusoffer tailoredfinancialadvice Al systemdor financialservices
in Africa includetheb a n Bdargo Pay applicationsdevelopedby the Zenith Bank Plc locatedin Nigeria. This application
can be usedby customergo makeonline and in-store paymentsin secondshrough quick responsecode scanningon any
internetenableghone.

3.4 Conclusion

There is overwhelming evidencethat Al applicationshave the potential to dramatically transform the socioeconomic
developmeniof African countriesas well as globally. Thus, Al technologiesoffer an opportunity for African countriesin
achievingtheAU O s A2P@3nST®BA2024and SDG ambitions.But it remains challengingp predictall the technological
advanceghat will be realisedasa result ofAl. Thatis why the African MemberStatesneedto urgentlyengagen harnessing
theseAl-basedechnologiedor their sociceconomiaevelopmentThis includesimprovingtheeducatiorsystemo incorporate
Al curriculaaswell asrobustAl researchgdevelopmentandindustrialisation EventhoughthereexistuncertaintiesaroundAls,
sometimes propelledy mythsandfake leadingto fearanddistrustof Al, Africans needto understandhatbasedon historical
observationspreviousindustrial revolutions have undeniablyresultedinto the transformationof the employmentlandscape.
Thus,the adoptionand adaptatiornof Al for African economiesan potentiallyleadto a robustincreasen jobsfor the youth,
moreespeciallywomenandgirls.

The AU Agenda2063 providesa frameworkfor guiding A f r i dewelépsnentn the next half a centuryperiod, focusingon
developmenbn a broad front such as economic,social, political, scientific, and cultural advancementSTISA-2024 places
science technology,andinnovationat the epicentreof A f r i soc@e@c®nomicdevelopmentnd growth, settingas priority
areas:eradicatinghunger, ensuringnutrition and food security; preventionand control of diseasesand ensuringwellbeing;
communication(physicaland intellectualmobility); naturalresourcesnanagemenand climate changecity managemenand
urbanwaste management, peaeadsecurity;and wealthcreation. Theseriority areashavea bearing orthe developmenbf
aspirationsjn termsof STI-driven solutionsfor attainingthe setdevelopmengoals.Concurrently the STISA-2024 priority
areasalsoprovidea contextfor examiningtherelevanceof Al to A f r i deval@pmentasAl innovationscanbe situatedwithin
this context.ConsequentlysomerelevantAl usecasesanbelinked to eachof the AU 2063goals,asshownherein.
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The Relevance of Al to Af r i cDedelpment

4.1 Al and STISA-2024 Priorities

Accordingto the STISA-2024documentsix priority areasshall contributeto the achievemenbf the AU Vision asshownin
Figure 4 below. Due to the crosscutting natureof STI, STISA-2024 was designedto meetthe knowledge,technologyand
innovationdemandsn variousAU economicandsocialsectordevelopmenframeworks STISA-2024hasa leadingrole to play
in increasingefficiency, while eliminating duplication of effort, in the designand implementationof national, regionaland
African Union policies on STI. The Mission of STISA-2024is to i Ac c e IAé m a tcadsibian to an innovationled,
knowledgebasece ¢ o n oTimgwill.beachievedhroughthefollowing objectives:

A Improving STI readinessn Africa in termsof infrastructure professionakind technicalcompetenceand
entrepreneuriatapacity;and,

A Implementingspecific policies and programmesn science technologyand innovation that addresssocietalneedsin
aholisticandsustainablevay.

Priorities

Eradicate Prevent and Comamicntion
Hunger and Control of (Physical & Protect our Live together -
ensure food and Diseases & h I'l tunt build the Create Wealth
nutrition ensure well ppsas Community
security being Mobanty)

Agriculture/ &
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terms of . R e
cultivetion AIDA, Mdaria T e e
e R oot wdl btentnatere

Ctliewheg, Watiry
g Shered velany
technique, and enarny
seeds, soil and
P vty snd
Mlrmapters Myaa
Seatial reniit e
Y ]
xshorstion
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Figure3: Thesix priorities of STISA2024
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Tablel: Linking of AU 2063Goalswith someAl Use

Agenda 2063 Goals

1. A high standard of
living, quality of
life and well -being
for all citizens.

2. Well educated
citizens and skills
revolution
underpinned by
science,
technology, and
innovation.

UN SDGs Al Use Cases

1. End povertyin all its A Al-enabled provisiomf reaktime resource allocatiothrough
forms everywheren the satellitemapping and data analysior example NARSDA in
world Nigeria provides satellite images to Agencies and

2. Endhungerachieve
food securityand
improved nutrition and
promote sustainable
agriculture. A

8. Promote sustainedhclusive,
andsustainable economic
growth, full andproductive
employmentand decent
work for all.

11. Make citiesandhuman
settlements inclusiveafe,
resilient,and sustainable.

Thenumberorderonthistabledoesnot
makesense

A

4. Ensureinclusive and equitable A
quality educationand promote
lifelong learning opportunities
for all.

organisations for applications such as meteorology,
transportation, agriculture etc. The analysisof this data using
Al techniques enablesprogramswhich impacton poverty
alleviation.

Enabling Agriculture productivity increasieroughAl
predictive analysisrom imagingwith autonomouslrones,
andfrom data, with a knowledge basbeing usedo address
theproblemof cropslossthroughwaste overconsumption,
and productioninefficiencies. Forexample, inGhanathe
StarShea schemeisedAl to build a mobile applicatiorio
connectwomen farmergo the global shea nstpply and
improvedtheir earnings byover50%in six months.The use
of satellite imagesandterrain recognition algorithmsnakeit
possibleto predictaswarmof locusts.Thisexperience has
givengood resultsn cooperationwith Mauritania.

Al augmentation and targeted automation witelligent
devicescanimprovethework environmentincrease
productivity,andbea significantdriver of economic

growth. Al innovationbased Stastipswith emerging
entrepreneursenablingjob creationand reducing youth
unemployment.

TheAl of Everything,the digitalAl meshfed bythe
ubiquitous loT, smartdevices andwearablesenabling smart

Al-enabled virtualisedntelligentmentorsandresponsive
personalized learningevolutionising education and
improving participation and outcome:Education providers
suchas Coursera usin@\l -producedgranularinformationfor
effective learning.Eduationaldatamining andbig data
analytics

tools,improving graduation ratesf studentith low-income
backgroundsspotting warningsignsbefore dropouto allow
targetednterventionsFor exampleKenyaAr i Wis 6 s
enabledc h a blmsededucation technology leveraging
personalisedearning onmobile devicesprovidingaccesso
informationon topics suchas farming, entrepreneurshipr
financial literacy tothew o r lledsfsarved;n Nigeria,
LainosInternational

developedaword-processor foseveralAfrican languages
which is being usedo provideliterature inindigenous
languages.

Generally,Al-enabledquality educationdelivery through
e-Learning,becomes allhe more importantgiventhe realityof
theimpactof CoronaVirus Diseas€019(COVID-19)pandemic
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Agenda 2063 Goals UN SDGs Al Use Cases

3. Healthy and 3. Ensure healthy liveand A Al-enabled significarimprovemenin preventativéhealthcare
well - nourished promote welbeing for all programmesind diagnosticdeadingto newscientific
citizens. at all ages. breakthroughsAl-enabledsmartphonenobile devicesheing

usedto diagnose heareye,and blood disordergl-driven
online conversation agerasdmachine visiongan extend
accesdo millions of people and remotely diagnose various
health conditionsisingimages fronthe camera®f everyday
smartphones.Al technologysedto betterunderstand patterns
in the spreadof diseaseaswell asdesignmore effective public
healthmeasure responseExample ofAnalysisof Breast
CancetUsing Al Image Processing TechniquEsr example,
SophieBot, a Kenyan starup, usingAl-drivenchabotto
provide a platformfor questionn sexuahnd reproductive
health.In a societywhere talkingaboutsexuahealthis oftena
taboo; Al-enabled drones being useedieliverhealth services
in rural Rwandajn UgandaMbararaUniversity of Science
and Technologyis developingan Al-empowered digital
pathology platformfor automate@nalysisof papsmears
images fordiagnosisand classificatiomf cervicalcancer.

4. Transformed 8. Promote sustaineihclusive, A Al augmentation and targeted automation witklligent
economie s. andsustainable economic devicescanimprovethework environmentincrease
growth, full andproductive productivity,andbea significantdriver of economic
employmentand decent growth. Al innovationbasedstartupswith emerging
work for all. entrepreneursenablingjob creationand reducing youth
9. Build resilient unemployment.
infrastructure,promote A Newhybrid manufacturingncorporatingAl of Everything,
inclusive andsustainable Internetof Things(loT) sensors3D and4D printing, reshaping
industrialisationand foster industriesandyielding exponentiaihnovation;traffic-light
innovation. networksoptimisationusing Al-enabledreattime traffic

cameradataand loT sensorgo maximize vehicle
throughput. Al being usedo schedule predictivenaintenance
of public transportation systemstichastrains and public
infrastructure (including bridges)to identify potentially
malfunctioningcomponents-or exampleSouthAfrican Al -
basedOMNI of data prophetreshaping thenanufacturing
industry producguality control.

5. Modern agriculture 2. Endhungerachieve A Enabling agricultur@roductivityincrease throughAl
for increased food securityand predictive analysisrom imagingwith autonomouslrones,
productivity and improved nutrition and andfrom data, with aknowledge basbeing usedo address
production. promote sustainable theproblemof cropslossthrough wastegverconsumption,
agriculture. and productioninefficiencies. Forexample, inGhanathe

StarShea schemeisedAl to build a mobile applicatiorio
connectwomen farmergo the global shea nstpply and
improvedtheir earnings byover50%in six months.The use
of satellite imagesandterrain recognitionalgorithmsmakeit
possibleto predictaswarmof locusts.This experience has
givengood resultsn cooperationwith Mauritania.
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Agenda 2063 Goals

6.

Blue/ocean

economic growth.

Environmentally
sustainable and
climate -resilient
economies and

communities.

A United Africa
(Federal or
Confederate).

Continental

and monetary
institutions
establi shed and
functional.

UN SDGs

14.

13.

15.

16.

AAAAAAANANAAAANAAAAANAN

Conservand sustainably use
resourcedor sustainable
development.

Ensureavailability and
sustainable managemeft
waterandsanitatiorfor all.
Ensure accegs affordable,
reliable,sustainableand
modernenergy forall.
Takeurgentactionto combat
climatechange and its
impacts.

Protect, restorggnd promote
sustainable usef terrestrial
ecosystemssustainably
managdorests,combat
desertificationand haland
reversdand degradation and
haltbiodiversityloss.

Promote peacefand
inclusive societiefor
sustainablelevelopment,
provideaccesdo justice
for all and buildeffective,
accountableand inclusive
institutionsatall levels.

Build resilient
infrastructure,promote
inclusive andsustainable
industrialisationand foster
innovation.

S S g

Al Use Cases

A

ANAAAANAAANANAAAAANAN

Al-based patterrecognitiontrackingmarinelife migration,
marine ecosystenand combatllegal fishing.

Al being usedto track land-animal migration, population
levels,and hunting activities to enhance sustainédie
ecosystems and comhiegal poaching Al-enabled satellites
images processing determine the healtf forestsandwater
resourcegndmonitor harvestsandagriculture everywhere.
Al-driven analysi®f satellite data tonap and predidhe
progression ofvildfires and therebpptimisetheresponsef
firefighters.

Predictionof climaterelatedproblemsanddisasterghrough

Al-enabled climate modelling and climate chadgtanalysis.

Numericalmodelling and simulationf sand dune forming
processeare conductetb fight againsthe advancementf the
desertandtheroadmaintenance in Sahara.
Al-drivenreattime analysisenabling green energy all its
forms,continuously improving foincreased outpwtnd more
efficiency.Forexamplejn Lagos,Vanpeux GlobaSynergy
CompanyprovidesAl-enabledsolarpowersolutions Al

tools are experimenteith someAfrican countriesor
forecastingenergy consumptioandoptimisingthe
performancef solar, photovoltaic andvind installations
(Nigeria,Morocco,Algeria, SouthAfrica)
Thelnternetof-Things(loT) andsensors networkeeding into
the Al of Everything,predicting sanitation and consumption
patterndor improved safe watendsanitation provisioning.
Al- enabledwvaterpipeleakage monitoringand controlled
irrigation, reducing water wastagéevelopedatthe Tshwane
University of Technology South Africa.Anotherexampleis
Al-enabledsmartphonéasedspatialwaveapplication for
garbagecollection driverdo map and recortheir daily routes
andby citizens toreportclearrup issuesgnabling driverso
completetheirroutes faster and respondntmre customer
requests.

AT application to reduce discrimination, corruption, and
drive broad access to e-government, personalised, and
responsive intelligent services. Al enabling significantly
staying ahead of global cyber threats, the cyber kill chaimn,
in a manner not possible before.

AT application to reduce discrimination, corruption, and

drive broad access to e-government, personalised, and

responsive intelligent services. Al enabling significantly

staying ahead of global cyber threats, the cyber kill chain,
in a manner not possible before.

4
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Agenda 2063 Goals UN SDGs Al Use Cases

10. World -class 4. Ensure inclusive and equitable A New hybridmanufacturingncorporatingAl of Everything,

infrastructure quality educationand promote Internetof Things(loT) sensors3D and 4Dprintingreshaping
cris- crosses lifelong learningopportunities industriesandyielding exponentialnnovation;Traffic-light
Africa for all. networksoptimisationusing Al-enabledreattime traffic

9. Build resilient cameradataand loT sensorgo maximisevehicle
infrastructure,promote throughput. Al being usedo schedule predictiveaintenance
inclusive andsustainable of public transportation systemsuchastrains and public
industrialisationand foster infrastructure(including bridges)to identify potentially
innovation. malfunctioningcomponentsi-or exampleSouthAfrican Al -

basedOMNI of Data Prophetreshaping thenanufacturing
industry productjuality control.

11. Democratic 16. Promote peacefand A Al applicationto reducediscrimination corruption,and
values, practices, inclusive societiefor drive broad acces® e-governmentpersonalisecand
universal sustainablelevelopment, responsiveintelligent services.Al enablingsignificantly
principles of provideaccesdo justice staying aheadof globalcyberthreatsthe cyber kill chain,
human rights, for all and buildeffective, in amannemot possiblebefore.
justice and the accountableand inclusive
rule of law institutionsatall levels.
entrenched.

12. Capable 16. Promote peacefiand A Al applicationto reducediscrimination corruption,and
institutions  and inclusive societiefor drive broad acces® e-governmentpersonalizedand
transformative sustainablelevelopment, responsiveintelligent services.Al enablingsignificantly
leadership in provideaccesgo justice staying aheadof globalcyberthreatsthecyberkill chain,
place. for all and buildeffective, in amannemot possiblebefore.

accountableand inclusive
institutionsatall levels.

16. Promote peacefand A Al applicationto reducediscriminationcorruption,and
inclusive societiefor drive broad acces® e-governmentpersonalisecand

13. Peace, security sustainablelevelopment, responsiveintelligent services.Al enablingsignificantly
and stability is provideaccesdo justice staying aheadof globalcyberthreatsthe cyber kill chain,
preserved. for all and buildeffective, in amannemot possiblebefore.

accountableandinclusive
institutionsatall levels.

9. Build resilient A Al applicationto reducediscrimination corruption,and
infrastructure,promote drive broad acces® e-governmentpersonalisedand
inclusive andsustainable responsiveintelligent services.Al enablingsignificantly

14. A stable and industrialisationand foster staying aheadof globalcyberthreatsthe cyber kill chain,
peaceful Africa. innovation. in amannemot possiblebefore.

9. Build resilient A Al applicationto reducediscrimination corruption,and
infrastructure,promote drive broad acces® e-governmentpersonalisedand
inclusive andsustainable responsiveintelligent services.Al enablingsignificantly

15. Afully functional industrialisationand foster staying aheadof globalcyberthreatsthecyber kill chain,

v W v
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Agenda 2063 Goals

16. African cultural
renaissanceis
pre-eminent .

17. Fullgender equality
in all spheres of
life.

18. Engaged and
empowered youth
andchildre n.

UN SDGs Al Use Cases

14. Conservand sustainably use A
theoceansseasandmarine
resourcesor sustainable
development.

9. Build resilient
infrastructure,promote
inclusive andsustainable
industrialisationand foster
innovation.

5. Achieve gendeequality and A
empower allvomenand
girls.

4. Ensure inclusive andquitable A

quality educationand promote
lifelong learning opportunities
for all.

5. Achieve genderequality and

empoweiall womenandgirls.

Al, canrestorepreserveéfrican heritageandmakeit accessible
to all, bridging between pasind preseniThe preservation
andenrichmenbf culturalheritagewill helpin Safeguarding
thousandof A f r i anc@edtmanuscriptamongthem: the
slave trade archive$yestAfrican documentgollection,
Timbuktu (Mali), manuscriptdrom the 17th century,Egypt

I Treasure®f Dar Al-KutubA fromthe 17thcentury,Ethiopia
Treasure$rom National Archives,SenegaFondsof the
«Afrique occidentale francaisgAOF, 18951959),Tanzania
National Archivesand recently preserving the Mandela
documentarymemory.

Al-enabled empoweringf womenfor growth anchew
opportunitiesthrough identifying and correcting fgender
bias, further automating/augmentingasks. For example,in
Ghana,the StarShea scherasedAl to build a mobile
applicationto connectwomen farmers.to theglobal Sheanut
supply andimproved theiearningsby over50%in six months.
Also, Al- enabled digitapathology platfornfor automated
analysisof papsmearsmages fodiagnosisand classification of
cervical canceramong women and girls ldganda.

Al-enabled empoweringf womenfor growth anchew
opportunitiesthrough identifying and correcting fgendemias,
further automating/augmentintasks.For example,in Ghana,
the StarShea schemusedAl to build a mobile applicatiorto
connectwomen,farmersto the globalShea nusupply and
improvedtheir earnings byver50%in six months.Also, Al -
enabled digitapathology platfornfor automated analysis of
papsmears imagesr diagnosisandclassificationof cervical
canceramongwomenand girlsin Uganda.

Al-enabled virtualisedntelligentmentorsandresponsive
personalized learningevolutionising education and improving
participation and outcomeB:Education providersuchas
Coursera usin@\l-produced granulanformation foreffective
learning.Educationablata mining andbig data analytictools,
improving graduation ratesf students witHow-income
backgroundsspotting warningignsbefore dropouto allow
targetednterventionsFor exampleKenyaA r i u sebabledA |
¢ h a bhmased eslucation technololgyweraging personalised
learningon mobile devicesproviding accest informationon
topics such as farming, entrepreneurshipr financial literacy
tothew o r lledsiserved;n Nigeria,LainosInternational
developeda word-processor foseveralAfrican languages
which is being usedo provideliterature inindigenous
languagesGenerally, Al -enabledquality educationdelivery
throughe-Learning,becomesll the moreémportant,giventhe
reality of the impacbf COVID-19 pandemicesultingin
closing academidnstitutionsthatconstrainedaceto-face
delivery.

NN N N N N N N N N N
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Agenda 2063 Goals UN SDGs Al Use Cases

19. Africa asa major 17. Strengthen the mean$ A Multi-sectorakollaborationis essentiafor the safe ethical,
partn er in global implementation and revitalise and beneficiatievelopmenand usef AITs. ITU-facilitated
affairs and peaceful theglobalpartnership for fi Afbr Good GlobalS u m m bringing together
co-existence. sustainablelevelopment. governments,

industry,academiaand civil society,to explore theesponsible
developmenbf humancentricAlins ol vi ng d¢randnani t yds
challengesincluding accelerating the SDG3.G | A Rldtferm

for big data in agricultureyniting agriculturakresearch institutes

and companieswith the goal of closing the digital divide

between farmers developed andeveloping countries.

20. Africa take sfull 10. Reduce inequalityithinand A Humanaugmentation usingl-enabled devicdsothinternally
re sponsibility amongcountries. and externally providesupersensesind knowledgegnhanced
for financing her 17. Strengthen theneansof physicalcapabilitiesandcorrectdisabilities,yieldinga more
development Goals. implementation and revitalise equalandinclusive societyForexampleC G| A BRld@tfermfor

theglobalpartnership for big datain agriculture uniting agriculturatesearchnstitutes and
sustainablelevelopment. companiesvith thegoalof closingthedigital divide between

farmersin developed and developirguntries.

A Multi-sectorakollaboratioris essentiafor the safe ethical,
and beneficiatlevelopmenand usef AITs. ITU-facilitated
fi Afbr Good GlobalS u m m bringing together governments,
industry,academiaand civil society,to explore theesponsible
developmenbf humancentricAlins ol vi ng ¢randnani t y os
challengesincluding accelerating the SDG3.G | A Rldtferm
for big data inagriculture uniting agriculturaresearch institutes
and companieswith the goal of closing the digital divide
between farmerns developed andeveloping countries.
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4.2 Some guidelines for harnessing Alfor Af r i dexdiopment
Driven by theforegoingprinciplesset outin the previoussectionsthe following guidelines shoulthe considered.
4.2.1 AIT needsassessmetfitamework

An analysisof the history of computingtechnologiesshowsthat technologicalchangeis exponentialandthis is in line with
RayKu r z wie L 4ob AcceleratingR e t u (Karawéil, 2000). That is, astime passestechnologychangedaster. This
phenomenoris observedin the advancesin Al technologies.Therefore,this demandsthat both the current technology
landscape,as well asits ebbsand flows, shouldbe clearly understoodHence,A f r i abiktydte own the future of the Al
technologiedn its own developmental o a dortextrequiresa masteryof the change.This is becauseAl technologiesare
causingchangedo thetechnologylandscapegcreatingnew segmentssuchas self-driving cars, destroyingexisting segments,
such as GPStrackersandtransformingsomesegmentssuchasautomobilesThus,for Africa to maximally harnessl for its
developmentsthereis the needfor capacityto identify, utilise, and shapethe emergingAl technologiesn A f r i corded. s
Consequentlydecisiongo eitherembraceor ignorewhataspecbf Al, mustbe made,asthe changesn thelandscapeontinue
to unfold. This meansAfrica mustembraceAlST throughinvesting,utilising andcontextuallyshapingthe Al technologyto the
c o nt i chalengedEstherchoice,if pickedwrong, canbe costly. So, the developmenbdf a frameworkfor assessind\IT
needdor A f r idevaldpmenis imperative.

Figure4: Al ETAC(Emergingtechnologyanalysis canvadyamework(Perera,2018)
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Figure4 aboveshowsa P e r eAl BTAE (EmergingTechnologyAnalysis Canvas)rameworkthat providesa guidefor Al
technologyneedsassessmeritamework(Perera2018).By usingthis Al ETAC frameworkasa guide, Africa shouldbe able
to; a) makeit easierto decideon whataspectof Al to includeandwhich onesto exclude;b) provide asharedunderstanding
thatenablesan easieriscussiortowardsanintelligent AIT analysisamongstakeholders;ommunicateandeducateothersand
learn from others,aboutthe Al technology;c) facilitate appropriatecontextualisatiorof the AIT developmentand adoption,
reflectingtherealitiesof the African developmenaspirationsgd) providemechanismsor engagingn thelong-termadaptation
of thetechnology aswell asthe studyof AIT effects,and e) be amenabldéo adaptiveevolution.FurtherguidedbyP e r eA a 6 s
ETAC, the proposedAl technologyneedsassessmerftameworkfor Africa, shouldbe subjectto severalconditions,which
includetrigger, impact, feasibility, and risks conditions.Thesecan be arrangedarounda logical narrativethat probesthe Al
technologyin the African context. Trigger condition dealswith the identification of developmentaheedsand related Al
innovationsthataddresghoseneedsalbeit,bearingin mind that often, the innovationcould changetheinitial perceptiorof the
problem. Impact condition is that Al technologyshould have a significant potentialimpact. Feasibility condition is that the
feasibility of the Al technologyyis-&vis the availableresourcesshouldnot bein doubt.Risksconditionis that Al technology
mustnavigaterisksrelatedto technologydevelopmenandadoption.

4.2.2 Supportiveinfrastructure

Deliberateinvestmentin connectivity infrastructureis a sine qua non to a productive Al for Af r i deweldmnent.The
availability of robust,ubiquitous,and affordablecommunicationand power supply infrastructureis imperative.Without this,
Al paentialbenefitswill belimited to andenjoyedonly by a few privilegedelites. This is further elucidatedo, later inthis
report.

4.2.3 Regulatoryandpolicy framework

It is critical to have policies and regulatoryframeworksin place that promotesproductive Al harnessingby encouraging
innovation and investment.AU should encourageAfrican governmentsto take a deliberateand proactive approach,to
implementsupportiveregulation,policies, andinitiatives. Thereare severalareasrelevantto the developmenbf Al-enabled
robustdigital economieswherepolicymakersshouldfocus.Thisis elaboratediponin laterpartof this report.

4.2.4 Creatingacollaborativeenvironment

Takingacuefrom leadingcountriesn Al, African governmentshouldcreateenablingenvironmentgor increasingcooperation
and exchangeof information betweenQuadruplehelix stakeholdersThis shouldallow for the different stakeholderso work
together ratherthanin silos. Sucha collaborativeapproachcould facilitate the sharingof expertiseand perspectivesn Al.
African governmentsanacquirea deepemunderstandingf the Al technology, bydrawingon internationalbut contextualised
bestpracticesto addresspecificlocal andregionalAfrican needsThis approacttouldensurehatpolicy andregulatoryaction
protectscitizenswhile supportingAl technologydevelopmentFurthermore multi-sectoralcollaborationis essentiafor the
safe,ethical,and beneficialdevelopmentainduseof Al technologiesAfrica shouldnot be left behindin active participation,
positing African perspective,in the ITU-facilitated Al-for-Good Global Summit series, which brings together relevant
stakeholdersto explore responsibledevelopmentof humancentric Al. This can be carried out so to solve African grand
challengesandaccelerateA U édsvelopmentspirations Specificrecommendationen this are providedin the latter part of
thisbooklet.
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4.3 Conclusion

As Africa aspiredo developthroughaframeworkprovidedby the A U 6Agenda2063for the nexthalf a centuryperiod,African
governmentshouldfocusdevelopmenbn abroadfront suchaseconomicsocial,political, scientific,andculturaladvancement.
This can be achievedin alignmentwith the STISA-2024, a programmederived from Agenda2063, which placesscience,
technology,andinnovationat the epicentreof A f r i soc®-6ceonomicdevelopmentand growth African countriesshouldset
national Al -driven priority areastowardseradicatinghunger,ensuringnutrition andfood security,preventing,and controlling
diseasesnd ensuringthe wellbeing of its citizens. Specialemphasisshouldbe placedon communicatingtheir physicaland
intellectualmobility andtranslateit into developmentastrategiesFurthermorethereis a call to utilise andchannelAfri ¢ a 6 s
naturalresourcesnto A | @nanufacturingwhich could makeAl technologymuchcheaperThis canin-turnimproveAf r i ca6s
STI readinesswith respectto infrastructure,professionaland technicalcompetenceand entrepreneuriatapacity. Such an
approaclcanalsopromotetheimplementatiorof specificpoliciesand programmesn sciencefechnologyandinnovationthat
addressocietalneedsn aholisticandsustainablevay. Moreover,A f r i collacfiveefforts cannotafford to continuewith the
habit of seekingfor alreadymadesolutions,from someothercontextsattemptingto counterAfrican problems,asa matterof
course. NotablyAfrican challengesnustbe addressetby African solutions,specifically designedowardsan African context.
Thus,Africa muststrategicallyutilise contextualiseddeassuchthatthey significantly consideitherealitiesof the African socio
culturalandeconomiccontexts.

Policy regulatory and strategicconsiderationsabout Africa should be designedwith regardto Al. Thus, it is essentialto
situate Al in regional, continental, and global frameworks. This section begins by exploring regional and continental
frameworksthat are of particularinterestto Al and then focuseson the global context. Possiblegapsin the regionaland
continentaframeworksarehighlighted.Takingtheview thatframeworksinfluencestrategy strategyinforms policy andpolicy
drivesregulation the sectionstartsby looking at regionalandcontinentaframeworks Furthermorethis sectionthenelaborates
on key policy issuesthat arisefrom the introductionof Al andwhat policymakersshouldthus pay attentionto. Examplesof
policies are provided,and the sectionendswith a checklistof policy optionsas a referenceMoreover,legal and regulatory
aspectgelatedto Al arealso presentedn the contextof the key applicationareas/useasesdentified. While this approach
makesdt easierto contextualisegenerabndcommonlegalandregulatoryissuesarepresentedsa preambleo themorespecific
discussionThesectionendswith achecklistof keylegalandregulatoryissuegertainingto Al.
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Policy and Regulatory Consideration

5.1 Alstrategies

In this section themainelementghatgovernmentsieedto takeinto consideratiorin developingor enhancingdl andAl -related
strategiesvereconsideredThe sectionalsoconsideredsomeexamplef existingAl strategiesurrentlyin existenceor under
developmenin Africa. ForinstanceCanaddasbeencitedasoneof thefirst countrieso haveanationalstrategyon Al. Canada
committed$125million over5 yearsaimedat developingresearcttapacity establishingCentresof Excellenceandproviding
thoughtleadershipon issuesof economicsethics,policies, and laws. On the other hand,China hasover the yearsreleased
severalstrategyand policy documentsrelatingto Al with the ultimate goal of becomingthe global powerin Al by 2030.
Focusingspecificallyon Al, the governmenin 2017issuedthe i N e GenerationArtificial IntelligenceDevelopment | a n o .
C h i mstmategyfocuseson enhancingts competitivenessjationalsecurity,andgenerakociceconomiadevelopmentSpecific
actions centreon innovationdriven development,ntegration of Al into the economyand developmentof an ecosystem
underpinnedy knowledgeclusterstechnologyclustersandindustryclusters.

Throughits BRAIN (Building a ResponsibleAl Nation) strategy the United Arab Emirates(UAE) aimsto be a globalleader
in theresponsiblauseof Al by 2031.In line with theseambitions,the UAE is thefirst countryto havea Minister of Statefor
Atrtificial Intelligencewho leadsa Councilon Al comprisedf Director-General®f governmentnstitutionsandministries.The
Council is chargedwith acceleratingAl adoptionthrough policymaking, advancingresearchand promoting public-private
collaboration. It representsa multi-stakeholderand multi-disciplinary approachto Al developmentwhich Africa should
replicate.ln 2018,R u s s Nimstiysof Defencedevelopeda 10-pointactionplanfor Al which includeda focuson partnerships
acrosspublic and private institutions. This was aimed at building laboratoriesand undertakeresearchconducttraining, and
developexpertiseaswell asthe developmenbf a nationalcentreon Al. Building on this plan, Russiais working to finalise a
nationalAl strategyby mid-Juneof 2020.In the USA, anexecutiveorderfor thedevelopmenbf the AmericanAl Initiative was
issuedin February2019. The Initiative will focuson researchworkforce developmentnd internationalcooperation While
welcomingtheinitiative, critics pointto thelack of additionalinvestmen&andfocuson regulationaswell asconcreteactionsby
thegovernmentThis is showingweaknesseis the adoptionof Al-basedbntheUSg o v e r napgraa¢ch@éosvever,it should
be notedthatthe US Departmenbf Defencehadan Al strategydated2018andthis wasreleasedn 2019afterthe Executive
order.TheUS governmenhassincecreatecaplatformto trackall Al initiatives.

Turning to African countries,thereis no country so far that hasdevelopeda specific strategyon Al. However,mostAfrican
countrieshavemostlytermedAl -relatedstrategieshattouchon Al in the contextof generallCT development4IR, blockchain
technology,and more. Oneotableexampleis the governmenbf Kenya, whichin 2018 established taskforceon blockchain
andAl technologiesindhassinceproducedts reportin late 2018. Thetaskforcewaschargedwith providingrecommendations
and a roadmapon the integrationof thesetechnologiesRecently,the governmentannouncedhatit would useAl to assess
applicationsfor its affordablehousinginitiative. Eventhoughthereis no strategyor policy documenton Al, SouthAfrica
supportsthe Centrefor Al ResearcHCAIR) aspatrt of its researchdevelopmentandinnovationroadmap.This is similar to
Ni geri abs dhebataSaegcgNigerizdtiadfommdaunchedan Al hub atthe University of Lagosin 2018. InGhana,
Googlehasopenedan Al centrewhich housesresearcherfrom 12 countriesworking on the applicationof Al focusingon
agricultureandeducatioramongothersectors.
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In developingtheir strategiesAfrican countrieswill needto think aboutpre-conditionsfor successfulAl implementation
andtheseinclude:

Physicainfrastructure;

Regulatoryandpolicy framework;

Nationalandregionalresearclsystems;

Socialresponsibility;

Educatiorsystemsandstandardsand

Intellectualpropertyregimes.

o 3o Do To o Do

As African countriesmovetowardsthe developmenbf strategieslealingwith Al, theimportanceof regionalandinternational
cooperationcannot be overemphasisedThrough the African Union and its Regional Economic Communities,Af r i ca 6 s
developmenhasto a largeextentfollow the principlesof regionalintegration.This is important forAl in thatit would enable
countriesto pool resourcesgdevelopcommonframeworksand standardsand shareaccesso data.As countriesprogressin

Al implementatiorat differentlevels,therole of AUDA-NEPAD Agencywill beto monitorthe developmentandensurehat

all memberstatesaremoving towardsa commongoalin the Al sector. Furthermoregylobal cooperatiorwill alsobe neededo
ensurdghatA f r i poliaigsandstrategiesrealignedwith therestof theworld.

The caseof governmentagility in providing an enablingenvironmentis exemplified by the Governmentof Rwandawhich
amendedts civil aviation regulationsto permit a dronedelivery service.This drone servicedelivery allows for the supply
of medicationandbloodto remoteareasof the country.Thatis why everyregionacrossheworld is looking at leveragingtheir
uniqueabilities towardsleadingin Al-inspiredtechnologiesFor example,Chinais bettingon its populationsize andsize of
datait collects.It thenoperatessa unified centralgovernmentindallocateits largeamountsof fundstowardsAl. TheUSA is
leveragingthe numberof talentsand top tech companiest has. The questionthen becomeswhat couldbe A f r i unigué s
leverage?The answeris the growing population of young people Africa has. It has beenreportedthat 60% of Af r i cad s
populationis below the age of 25, makingit the youngestcontinentin the world accordingto the United Nations World
PopulationProspect42017 Revision). Africa is further projectedto grow by 42% by 2030 accordingto the United Nations
Departmenbf Economicand SocialAffairs (PopulationDivision, May 2015).So, the biggestpotential Al strategyfor Africa
could be that by 2063,50 million young Africans could be skilled in Al, Data Science,and otherIndustry 4.0 technologies.
ThentheseyoungAfricanscanthenmeettheglobally growingdemandor Al skills.

5.2 Guiding principles
5.2.1 Principleof S&T developmenandtransfer

Someprinciplesof S&T developmentand transferare of relevancejn the questto harnessAl for A f r i socGoécenomic
advancementTheseprinciples haveindicatedthat Al Scienceand Technology(AIST) is; (a) universaland particular, (b)
problem solving,and(c) interactive.Theuniversalityandparticularityof AIST arethattheconceptuaknowledgeof Al remains
the identical worldwide, andthe contextuaknowledgeof the Al is applicablein eachdomainof socic-cultural andeconomic
context,respectively Both conceptuabnd contextualknowledgeis requiredfor appropriateAl solution provisioning,in any
given context. This implies that any transferof AIT mustbe accompaniedy the transferof its science.Notably, AIST is
problemsolving in that any problemto which an Al solutionapplies,and thereforemust be contextuallydefined.Henceby
implication, an Al solution providedin one contextcannotbe directly extrapolatednto anothercontext,without adaptation.
Otherwise,modelmismatchingmay resultin obviouscomplications.SinceAIST is interactive,it allowsfor AIT to engagan
reattime problemsolvingin an Al applicationcontextand afford the validation of its strengthandlimitations to be assessed.
Suchcontextualimitations could thenbe appropriatelynanagedndre-examinedor underpinningsciencethatcanbe utilised
for correctionsaandfurtherdevelopment.
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5.2.2 Principleof African solutionsto African problems

A f r i ooledive efforts cannotafford to continuewith the habit of seekingfor alreadymadesolutions,from someother
contextsattemptingto counterAfrican problems,asa matterof course.lt shouldbe notedthat African problemsare African
contextdefined, and so, should be the approachto Al solution provisioning, which should be African homegrown. The
principlesS&T developmenandtransferareespouseéh Sub-Section2.5.1.1haveabearingonthis. In thisregard thefollowing
statemenin theEuropeartC o mmi s (EC)d D& £ | aon Gooperatioron A | is idstructive(Belgié, 2018). The statement
madewas:fi E n s wmadequatéegalandethicalframework,building on Europeartnion (EU) fundamentatightsandvalues,
includingprivacy andprotectionof personabata,aswell asprinciplessuchastransparenceandaccountab | i Thigsta@ment
implied thatthe EC wantsto harnesshe powerof Al, by adoptinga Euro-centricapproachandproviding a Europearsolution
to a Europearproblem.Taking a cue from this EC approachas much as Africa can borrow ideasfrom the rangeof issues
consideredn the strategiesof other nations,the usageof the ideashasto be contextualisedn sucha way that significantly
considergherealitiesof the African socic-culturalandeconomiacontexts.

5.2.3 Principleof diversity-aware

Diversity is anintrinsic heritageof Africa. As conceptualisefbr thecontextof Al for A f r i dewelépsnentdiversity-awareprinciple
positsthat African diversity shouldbe positively managedmaintainedand exploited,ratherthanbeingtreatedasan aberration
to beignored.Thus, this warrantsattainmentof unity throughdiversity managementThe principle is a reverseglobalisation
approachwherebyonesizefits-all thinking is discouragedandthe strategyevolutionis bottomup ratherthantop-down. Thus,
adoptinga federatedstrategyfor harnessingil for A f r i deval@épments highly advocaedfor. A federatedstrategyabstracts
theaspecthatis universalAfrica-wide, to the AU level, while aspectspecificto eachof the nationalconstituentsare handled
atthenationallevels. Thediversity-awareprinciple will facilitate teamingup of African nationsso thatthe opportunitiesof Al
for Af r i so@o@utural and economicdevelopmentcan be maximally exploited, while the challengescan be dealt with
collectively.

5.2.4 Principleof socialmanagemeraf Al

Theprincipleof socialmanagemeraf Al recognisesi key elemeniof the African heritagewhichis a socialworld view, based
onhumanbeings.lt positsthatAlT is morethanjustthehardwareandsoftwareartefactsput rathera socialprocessThis means
thatit focuseson humanneedsandwants,which aretheends.This principle acknowledgeshatAIT, like any othertechnology,
hassideeffects, which coulde social,cultural, economic, angbolitical effects.It furtheracknowledges th&lT is notvalue

free,asit seemaaiveto separatéheexistenceof AlTs from theuseso whichtheyareput, nor from thevaluesof their creators.
Most importantly, this principle acknowledgeshat AIT is not inherently good or bad, ratherit is h u ma n use of that

technologythat could renderit evil or virtuous. Therefore the principle advocatedor harnessingAl for A f r i devalépment,
in a socially responsiblemanner.This is carried out by enactinga deliberatestrategyfor managingthe AIT risks, creators
(individual and institutional), and the future of the technologyagainstthe environmentand humanity.In sucha strategy,an

appropriatdalancenustbestruckbetweermaximisingtheexploitationof its beneficialopportunitiesandminimisingtherisks.

5.2.5 Principlesof Al for goodof all

The A U ddsvelopmengaspirationssetin Agenda2063is to i b u @anlAfdca whosedevelopments peopledriven, relying on

the potential offered by people, more especially its women and youth and caring for ¢ h i | dThe Intérnational
TelecommunicatiorlUnion (ITU), in collaborationwith other organisationshas been championingfor a seriesof Global
Summitson Al for Good. Going by these,Al for Good of All shouldbe setas a principle, in harnessingAl for Af r i cads
developmentTheAl harnessinghouldbeimplementeduchthatit is humanrcentredandplacingthis principleatthe heartof
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thestrategy.Therefore |t shouldbe ensuredhatresponsibléAIT developmenandapplicationsarealignedwith ethicalvalues,
while usersare beingempoweredTowardsthis end,inspirationcanbe drawn from a recentreportof the UK Houseof Lords
(UK-HoL, 2018),in settingsomebasisfor sucha principleviz: AlTs should;a) be developedor the commongoodandbenefit
of humanity;b) operateon principlesof intelligibility and fairness;c) not be usedto diminish the datarights or privacy of
individuals,familiesor communitiesd) be openfor all citizensto be educatedo enablethemto flourish mentally,emotionally
andeconomicallyalongsideAl; e) neverbevestedwith theautonomoupowerto hurt, destroyor deceivehumanbeings;rather,
open to subjectingthe decision of the creatorsto transparencyliability, accountability, justification, and redress.The
overarchingprinciple of Al for thegoodof all is essentiato fostertrustin Al andensurethatits true potentialcanbe realised
by all.

5.3 Legalandregulatory issues

In therealmof Al, legalandregulatoryissuegevolvelargely aroundprivacy, securityandhumanrights concerndinked to the
datausedby Al applicationsaswell astheway in which Al-enabledservicesandapplicationsvork.

Someof thelegalandregulatoryissueghatAl will need tcaddress

Infringementon humanrightsdueto biaseghatmay existin Al-enabledapplications
Privacyconcernswith open datasuchasthatembodiedn the operrdataoperrgovernmenimovement
Interoperabilityandportability of datasuchthatapplicationscanwork seamlesslyn different
countries/environmentSecurityof Al -enabledsystems

Theliability of Al-enabledsystemavhenthingsgowrong

Dealingwith so-calledfi e \Ail Whichis designed withmaliciousintent

To o o To o I

5.4 Actionable regulatory recommendations considerations

Hereis a listof actionable regulatorsecommendationfor consideratiorby African Member

A Developmentof proactive regulationson Al in politics, warfare, and healthcare:Not all sectorsrequire their own

specificAl regulationsHowever,the useof Al in politics, warfareand healthcaréholdsa lot of powerand can pose lot

of threat,requiringtheyhavetheir own separateegulations.

Implementhighly restrictiveregulation®ntheuseof deepgfakesandfakenews especiallyin politics.

Theuseof countermethodsn the detectionof deepfakesandfakenews

African countriegoining thebanon the developmenanduseof i o f f eantenomowsv e a p oThisbanashighlighted

by theUnitedN a t i @onvendionon ConventionaWeapongCCW) meetingson lethalautonomousveapns,aswell as

fi A ©pen Letter to the United Nat i and & &€ o n v eam tCértaimConventionalWe a p o (nterbational Joint

Conferenceon Al (IJCAI 2017).

A Developmenif an AU Al for healthregulatoryframeworkthat adoptsand extendsmultilateral work being doneby
organisationsncluding the ITU and WHO Focuson Al for Health (FG-Al4H) andthe InternationalMedical Device
Regulatorg-orum(IMDRF).

A Adoption of precisionevaluationby regulatorybodiesand Al manufacturers Al systemsshould be assessednd
benchmarkesvith precisionacrossall demographicandtheirintersectionalitythattheyareintendedo beusedfor. Africa
hasalot of diversityacrossationalitiesandethnicitiesthus,Al systemshouldensurghattheycapturesuchdiversity of
a countryor regionin theirdatamodelbeforedeploying.PrecisionEvaluationis agoodapproacho thatmeasur¢Akogo,
2020).The useof assessmemtlatformsby regulatorybodiesand Al manufactureraswell for the rigoroustestingof Al

A systemsespeciallyin theHealthcaresector.

Developmentof agnosticdatagovernanceguidelinesand frameworkto be adoptedand further customisedoy every

A governmentgency private businessesand academiaThis shouldincludeinternal datawarehouseglataintegrity, privacy, and
security.

To o o
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African countrieswill needto examinehow Al is placedn relationto existinglaws andwhatchanges willheedto beenacted
asthetechnologyis adoptedandadaptedThis will haveto take cognisancef globallaws suchasthe Europearinion General
DataProtectionRegulation(EU GDPR)which aspreviouslymentioneds concernedvith dataprivacy. Thereforejn regulating
Al, African countrieswill needto focuson severaldimensionsncluding the regulationof Al itself, the regulationof specific
industriesthat useAl suchasselfdriving vehicles,andselfregulationthroughstandardsand codesof practice.While formal

Al regulatorysystemsarebeingdevelopedAfrica shouldconsidersoft regulationin theform of guidelinesandprinciples.

The Organisatiorfor EconomicCo-operationand Developmen{OECD) hasrecentlyreleasedhe following principles
with five pointsemphasisinghat:

Al shouldbenefitpeople;

Al systemshouldrespectule of law, humanrights,anddemocratio/alues;
Thereshouldbetransparencanddisclosure;

Al systemsshouldberobust,secureandsafe;and

Developerandimplementer®f Al systemsshouldbe held accountablén upholdingthese

principles.

To o o o o

The OECD principleshavebeensignedby the 36 OECD membersand6 SouthAmericancountries The Futureof Life
Institutehas23 Al principlescategorisedinder3 broadheadingsResearchizthicsandValues,Long-termissues.
Signatoriego theseprinciplesaremainly individuals,academicsandindustry/technologgompanieswhile nottaking
awayfrom theseglobalinitiatives, Africa shouldconsideiframingits own guidelinesandprinciplesandthis will require
leadershigrom member statesApartfrom determininghelawsandregulationghatareneededAfrican countrieswill
needto look attheinstitutionalarchitectureghatwill supportenforcemenandcomplianceanddeterminavhatimplications
this hasonresourcesndcapacity.Thelack of capaciy, skills andexpertisds onepossiblereasorfor thelack of policies
andaccompanyindegalandregulatoryframeworkshatshouldbeinstatedn orderto dealwith Al.

5.5 TheAlpolicy space

Policy interventionsarerequiredin Africa thatwill acceleratahe uptakeof Al in away thatservesA f r i socioécenomic
developmentaheedsIn developingAl policies, African governmentshouldconsiderthe overarchingintentandpriorities for

their countries. This must include growth of their economy, capacity and skills development, industrialisation,
diversificationof the labour market. To systematicallyachievethis, Al policies canbe categorisedas direct, indirect, or Al-

relevant.Direct Al policiesarethosepoliciesaimedspecifically at Al technologiesindirect policies are thosethat affect Al

without focusingdirectly onthetechnology An exampleof indirectpolicy would be intellectualpropertypoliciesandlaws. Al -

relevantpoliciesarethose policieshatareaffectingassociatedectordinked to or affectedby Al. This is whereAfrica might
needto spend more effort ascountriesfocus on the impact of Al on education,health, agriculture, finance, mining,

industrialisationamongothers.

While learningfrom whatothercountriesandregionsaredoing, Africa will alsoneedto contextualiseAl policy frameworksso
that Al developmentindassociatedesourcesre channeledo theright priorities. In the sameway thatdiscussion®n Al are
focusingon how Al cansupportthe SDGs, Africashouldconsiderthow it cansupportattainmenbf the goalsof Agenda2063.
Thefollowing areproposedecommendationsnthe Al policy spacedor Africa:

A 50million youngAfricansshouldbeskilledin Al, datascienceandotherindustry4.0technologiesTheseyoungAfricans
canthenmeettheglobally growingdemandor Al skills;

A Governmentsshould partner, fund and scale existing Al capacitybuilding efforts acrossthe continent. This includes
initiatives from organisationsncluding Runmila Al Institute, Data ScienceNigeria, DeepLearningindaba,Zindi Africa
andAl ExpoAfrica;
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A Partnershipshouldbedevelopedetweertheseprivateinitiatives anduniversitiesin orderto establishmoreeffectiveAl
andindustry4.0 curriculumsandprogrammesvithin African tertiaryinstitutions;

A Initiate andsupportexistingAl competitionsandhackathons;

A AttractinternationalAl summits,conferencesandworkshopsto Africa, leadingto knowledgetransferandinternational
partnershipgor our local Al ecosystemThis includeshosting conferenceon Neural Information ProcessingSystems
(NeurlPS), World Summit Al, International Conferenceon Machine Learning, International Conferenceon Machine
Learning(AAAI), InternationalConferenceon ComputetVision (ICCV) andothersin Africa andensuringtheinvolvement
of local talents.

Investin practicalSTEM/Digital skill education

Initiate African supercomputing/HP@rojectfor advancedhl researchin medicine genomicsagricultureandtransport;
Ensureall initiativesincludesubstantiapercentagesf womenandgirls;

Initiate andsupportexistingAl startup competitionsandhackathons;

Startan African Union Al andindustry4.0 Fundstartups;

GovernmentshouldadoptAfrican developedAl solutionsto solvelocal challengesespeciallyfor climatesmart
agricultureandevidencebasedealthcare;

Createaconduciveregulatoryenvironmenfor Al startupsandbusinessThiswould includeregulationghatprevent
abuseof Al butalsoallowsfor innovation(seeregulatoryconsiderationgor more(8.2));

Individual African MemberStatesshouldinitiate opendatainitiatives similarto the GhanaOpenDatalnitiative (GODI),
whichwould providethe African Al ecosystemvith theneededlatato build their Al andmachindearningsystems;
African Union shouldhavea continentabpendatainitiative thatcombinesdatafrom eachc 0 u n bpenddiamitiative
with acommonstandardto createbiggerdatasets;

InvestmentowardsAl hardwareaccelerators;

Incentivisebusinesseand organisationsaroundthe world to outsourcetheir Al and datascienceneedsto Africa for
affordable,quality, andfastdevelopmentThis shouldbe similar to what Chinadid for manufacturingandindiais doing
for softwaredevelopment;

Consideratiorof universalbasicincomefor whenAl developmentindadoption growsn Africa,;

Reskilling workforce towardsaugmentedntelligence- the useof Al andother4lIR tools by professionaldo increase
productivity - throughexistingandnewdigital skilling initiatives;

Investmentowardstheuseof Al andIindustry4.0for climatechangeadaptation anditigation;and

Initiation andsupportof existingprojectson the useof NaturalLanguageProcessingNLP) for thedigitisationof African
languages.
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5.6 Conclusion

Al policy regulatoryandstrategicconsiderationgiboutAfrica shouldbe designedor national,regional,continental andglobal
frameworks Frameworksnfluencestrategy strategyinforms policy andpolicy drivesregulation.In developingtheir strategies,
African countries will need to think about pre-conditions for successfulAl implementation. These include physical
infrastructureregulatoryandpolicy framework,nationalandregionalresearchsystemssocialresponsibility educatiorsystems
andstandardsintellectualpropertyregimes.Moreover, African countries witheedto examinehow Al is placedin relationto
existing laws and what changeswill needto be enactedas the technologyis adoptedand adapted.This will haveto take
cognisancef global laws suchasthe EuropeanUnion GeneralData ProtectionRegulation(EU GDPR)which as previously
mentionedis concernedwith data privacy. Therefore,in regulating Al, African countrieswill needto focus on several
dimensiondgncluding the regulationof Al itself, the regulationof specificindustriesthatuseAl suchasselfdriving vehicles,
and self-regulationthroughstandardsand codesof practice.While formal Al regulatorysystemsare being developedAfrica
shouldconsidersoft regulationin the form of guidelinesand principles. Policy interventionsare requiredin Africa that will
acceleratahe uptakeof Al in a way thatservesA f r i socaxécenomicdevelopmentaheeds.
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In developingAl policies, African governmentsshould considerthe overarchingintentandpriorities for their countries.This

mustincludegrowth of their economy capacityandskills developmentjndustrialisationdiversificationof the labour market.
This is whereAfrica might needo spend moreffort ascountriesfocus onthe impactof Al on educationhealth,agriculture,
finance mining,industrialisationamongothers.

Admittedly, therearerisks andchallengeghatareassociatedvith Al implementatiorin sociceconomicgrowth, however this
reality shouldnot obstructthe fact thatthereare severalopportunitiesfor economicgrowth. Thus,becaus®f the opportunities
associateavith Al, severalAl-basedoublic andprivateinstitutionshaveemployeddedicatedAl-baseda p p | i adaveloperst s 6
Examplesinclude Al-basedmarketingtechniquesthat aimed at maximising marketingfor small businessand focusing on
achievinghigh marketingstrategiesThis hasled to increasednterestandinvestmentby numerousbusinessesrying to take
opportunitiesn Al-basedmnarketingactivitiesthatcanpotentiallydeliverthe highestreturnon investmentAl -basedmarketing
solutionshavecreatedAl -enabledplatformssuchas Acquisio that can easily be usedto managemarketingoperationsacross
variouschannelsuchasGoogleAdwords,FacebookandBing. This machindearningenabledayeranalyseshelive campaign
datawith the help of sentimentanalysisalgorithms.Consequentlyrecommendshe bestdistributionof marketingactivitiesthat
will eventually yieldto the greatesbutcomesThis is becausét automatesegularbids and monitorsoverall marketingspend
sothatbusines®wnerscanreducethetime spenton trackingmarketingcampaignsndpayattentionto otherimportantareas.

Anotheradvantagef using Al basesolutionsis the ability for businesse$o track competitorsand review the competitionon

their busy schedulesFor example,there are various competitive analysistools such as Crayon that can be usedto track

competitorswith the help of different media channelssuch as websitesand social media. These platforms presentthe

opportunitiesbusinesownerswith a competitiveadvantagef studyingany changesn theirc o mp e tmarketingmadning

suchasprice changessubtlemessagenodifications,andpublic relationactivities.In addition,smallbusines®wnersmay take

the advantageof a large amountof online and offline information to make informed and datadriven decisionsthat can

potentiallygrow their businessesihat is interestingaboutAl -poweredtools for businessess that they can be tailoredinto

everydataproducingworkflow, leadingto the productionof usefulinsightsthatarequite applicableandactionable Al business
tools suchasfi Mo n K & ya iintegrateand analysedata acrossvarious media channels,which then achievestimesaving
analyticsandcreatereportssuchassentimentanalysisn GoogleSheetandCSV.

Al integratedcustomersupportsolutionssuchasautomateathatsystemspermitsmallbusinesseto scaletheir customeiservice
effortsandfree up resourcemeededor moredifficult customeiinteractions ExamplesincludeAl customerservicessolutions
such aDigital Geniusand Chatty Peoplethat cansuggesbr automateanswergo incoming customerguestionsglassifyhelp
ticketsanddirectinquiriesor messageto the appropriatalepartmentConsequentiyhy usingthis Al -inspiredcustomesupport,
thereis an enormousreductionin averagehandlingtime observedand an enhancemenin the overall responsivenessf the
customerservice team. Lastly, Al has also improved CustomerRelationshipManagementCRM) in smallandmedium
businessethroughthe valuableinsightsthat help with managinginteractionsof presentand prospectiveclients. TheseCRM
platforms are embeddedwith Al functionality that can ensure reattime data analysis to provide predictions and
recommendationsasecnb u s i nunigueEosedSseandcustomedata.
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Challenges and Forthcoming Solutions

6.1 Alimplementation challenges for socio-economic development and growth

Thefirst challengethat African countrieswill needto overcomds the fact thatcomputingis notthatadvancedThis is because
MachineLearningand Deep Learningtechniqueshat are the most beneficialfor the advancementf Al requirea seriesof
calculationsto be donevery rapidly, and this can be in microsecondor nanosecondsThis, therefore,implies that that Al
technologieautilise humongousprocessingpower. The biggestdebateamongstAl expertsand policymakershasalwaysbeen
that there is insufficient processingpower that is neededto capacitateand implement Al technologies.However, cloud
computing and massivelyparallel processingsystemshave createdhope for the implementationof Al in the short term.
Nonethelessas datavolumescontinueto increase and DeepLearningadvancedowardsautomateccreationof increasingly
complexalgorithms cloudcomputingmaybecomdimited.

Creatingtrustin Al technologiesbecausef securityand privacy issuesis anotherchallengefor Al implementation.This is

becausenumerougpeopleperceiveAl as ablack boxanddifficult to understandConsequentlypeopleremainuncomfortable
with Al adoptioninto the businesseand serviceproviding outlets.For example financial institutionssuchasbanksprefer to

utilise simpleandlinearmathematicahlgorithmsthatareeasyto explaintheirinputto output.SinceAl applicationsneedmuch

more complex mathematicaklgorithms, numerousbusinessesivoid implementingthem. Thus, since trust remainslimited

among people,it has beenchallengingto enablepeoplegraspthat this technologyreally works and possessesaumerous
opportunitiesfor better accuratepredictions. Furthermore,numerouspeople/businessesre concernedbecauseof possible
elevatedcomplicationsdueto government®verstepnto their privacy. Hence the enacton of legal andethicalregulationghat
canallow citizensto possessheright for explanationdorg o v e r npry@ngintasthiir privacy andenabletheir contribuions

to thedecisionghataremadeaboutthemasaconsequencef Al.

Anotherchallengehatneedgo beaddressed thatmostAl applicationsanddeploymentarevastlyspecialisedThespecialised
Al is known asappliedAl. Applied Al is built suchthatit canperformtaskswhile learningin orderto improveandbecome
betteratthosetasks.In contrastgeneralised\l is differentsuchthatit performsanytaskjustashumanbeings.But all of these
Al technologiesarestill to comein the nearfuture. Moreover,theseAl needto be proventhatthey canactually performthe
tasksthey aredesignedor. Currently, researchinstitutionsand Al-basedorganisationsre still working on Al-basedproducts
thatareyet to clearly demonstratevorth and achievementsAs such,peopleremaindoubtful on the methodsthat technology
utilisesin decisionmaking and whetherthesedecisionstakenunderdifferent environment,more especiallyunderduress are
accurateand precise.This is coupledby the fact that ultimately, the probability due to mathematicalincertaintybehind Al
predictionsstill remainsuncertainfor mostAl applicationsConsequentlyit remainschallengingto verify thatthe Al syse mo
decisionmakingprocesss satisfactory.

Dataprivacy andsecurityis anotherchallengeasmostof the Al applicationsarebasedon massivevolumesof datato learnand
makeintelligentdecisionsMachinelearningsystemshingeon datathatis regularlysensitiveandpersonaln nature.Sincethese
systemdearnfrom this sensitivedatain orderto improvethemselvesthereis a probability thatheseAl systemsan
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becomeproneto databreachandidentity theft. Consequentlythe Europearnion hasimplementedhe GeneraDataProtection
Regulation(GDPR) that ensurethe completeprotectionof personaldata. This was a measurethat was enactedafter careful
considerationdasedon increasingawarenesgandscepticsin Al endusersregardingan increasingnumberof machinemade
decisions. Furthermoréhereis a uniguemethodknown asFederatedearningthatis aimedat disruptingthe Al paradigmand
encouragelatascientist¢o developAl productsandserviceswithoutupsettingu s edatasécurityandconfidentiality.

With respectto datascarcity,as much as more Al-basedinstitutionshave more accesgo hugedatapresently,datasetghat
canenableAl applicationdo learnareactuallyrare.However therehasbeenariseof Al machineghataretrainedin supervised
learning.But this kind of training requireslabelleddata.Labelleddatais organisedsuchthatit becomegasierfor Al machines
to understandndlearn.Nonethelesshe downsideof labelleddatais thatit is limited andmakingfuture automatedalgorith ms 6
creation increasingly more challenging to develop. However, the upside is the surge in investmentstowards design
methodologieshatfocuseon howto createAl modelsthatcanlearn,despitehescarcityof labelleddata.

Generally,one of the major challengesof Al is that the accuracyof Al systemsis dependenn the dataon which the
systenis trainedon. ThismeanghatanAl systenis asgoodasthedatait learnsfrom. If the Al systemis nottrainedsufficiently
to generalisevell enoughijt canfind patterngn thedatathatareinaccurateA furtherchallengés thatdatarequiredfor training
Al systemss notalwaysavailableor in therequiredformat.

Al techniqueshaveprovento be effectivein solving realworld problems.However,a numberof thesetechniquessuchas
neuralnetworks,are a black box output. For example,a predictionis producedwithout any explanationasto how the output
hasbeenarrivedat. For example, managemeim industryor financemay not be willing to accepta predictionor reliability of
the Al systemwithout thejustification of how the predictionwasarrivedat. Thus,the lackof transparencyandinterpretability
is a significant drawback.Additionally, researchersre facing the problem of explanationalready met in previousexpert
systemsHowever,arecentdevelopmenin thefield of Al, namely,explainableAl (XAl) aimsto addresshisissue.

Thewidespreadiseof Al canbeinhibitedby theinfrastructureandassociatedapitalexpendituraneededo setup andrun such

Al systemsForexamplemulticoreandGPU hardwarefor machindearningtechniquesuchasconvolutionalneuralnetworks.
Mechanismseedto beidentifiedto providethe necessarynfrastructuren Africa in orderto promotethe widespreadiseof Al

neededn orderto contributeto the economicgrowth of the continent.EventhoughAl hasthe potentialfor solvingh u mani t y 6 s
grandchallengesn Africa, including acceleratinghe SDGs, Africa is still facedwith a numeralof challengegowardsthe

priority areasasdescribedn thefollowing sections.

6.2 Investment opportunities and challenges

The PricewaterhouseCoopemsublished a study showingthe economicimpact of artificial intelligence on thewor | d 6 s
economyby 2030. The study showedthat Al could improve global GDP by 14%, which wasapproximatecdat $115.7trillion.
This could makeAl the biggestcommerciabpportunityin theglobaleconomyThereportsuggestetdhat2020will beatipping
pointfor A f r i Alaadopti®nasthereportestimatedhatAl technologycould alsoincreasehe GDP of Africa, Oceaniaand
otherAsian marketshy 5.6 % ,which is about$1.2trillion (Figure5). So, this standsto reasorthat Africa canreapsignificant
economicrewardsfrom Al technology.Neverthelessthe 2019 GovernmentAl Readinesdndex painteda predictablyglum
imagefor the African continentin globalindicesof this nature.Currently,thereareno African countriesin thetop 50 positions
of Al innovation. There are only 12 out of 54 African countriesin the list that are in the top 100 of Al innovation and
developmentThe top 5 placedAfrican governmentsncluded Kenya, Tunisia, Mauritius, South Africa, and Ghana.The 5
countriesreflectedwell-documentedAl technologydevelopmentsOf the bottom 10 countries,7 are classifiedas the Least
DevelopedCountries.

v v v v v W v v v W v w v v e v v W v v v W v v v v v v v v v v v W v v v W

A WANWAWAWAWAWAWANWAWAWAWAWAWAWAWAWAWAWAWANWEWAWAWANWEWAWAWAWAWAWAWAWAWAWAWAWAWAN



APET REPORT AAI FOR AFRICA: ARTIFICIAL INTELLIGENCE FORAF RI C 80C30-ECONOMIC DEVELOPMENT

In 2019,K e n y I€D ministry setup a Distributed LedgersTechnologyand Al taskforceto developa roadmapfor the
transformativetechnologieghat shall defined4IR. This TaskforcepublishedarguablyA f r i ncost@msprehensiveeportand
plan to date calling on the governmentto investin blockchainand Al infrastructureand skills to combatcorruption and
implementeducationahndskills programmesor 4IR.

Af r i Al andustry is still emergingwhen comparedto USA, Europe,and Asia. However, this has not deterredsome
of the Africanc o n t i mostimrioatvestartupsfrom developingsolutions.This clearly proveghe promisingpotentialof
Al-basedtechnologiedor A f r i ecandmy.SincenumerousAfrican countrieshavea fledgeling Al statup scene multiple
pan African communitydriven of public and private stakeholdergo partnerto improve capacitybuilding and establishan
enablingenvironmentfor growing the Al community acrossthe region. For example,in a questto consolidateAl-based
successstories,an Al Expo Africa 2018eventwaslaunchedandhas sincébecomethe defacto Africandata science challenge
platformacrosshe continentwith a communityof morethan8000African datascientistssolving Africa 6 ®ughestchallenges
throughAl andotherforms of technologiesMoreover,Al asa platformfor good is nowalsocomingto thefore in the region
with oneof thenewestAl startupsknownasEnlabeler.

Figure5: ProjectedGDP increasesandbenefitggeneratedrom Al technologiegroundtheworld.
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The Enlabelemplatform creategobsin SouthAfrican townshipsandthis datalabelling industryis growing exponentially. This
startup hasthe mission of creatingnumerousjobs in South African townshipsand then scaleits model to other African
countries More startup companiesaregrowingin African countriesasshownin Figure6. Most of theseAl startupsarefound
in SouthAfrica, Kenya, Egypt, Nigeria, and Tunisia,with morethan5 startup companiegecorded Countrieswith 2 to 4 Al
start up companiesnclude Ghana,Uganda,Ethiopia, and Tanzania.Countrieswith at least1l Al startup companyinclude
Morocco, SenegalZambia,Zimbabwe,and Madagasca(Figure 6). Most of theseAl arefocusingon dataandanalyticsasto
the dominatinginnovativedrive of Al businessThis is followed by bots, chatbots andvirtual assistantsThis is followed by
vision, andthenlanguageknown astext recognition. Thereare somehubs ofAl centresalsobeingestablishedn the African
continent.Health and diagnosticsand professionalservicesare the least pursued,indicating gapsand possibleinvestment
opportunitiesfor upcoming startup companies.Roboticsis barely recorded,and this presentsanotheropportunity of Al
innovationfor African businesses.
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Figure 6: Al-basedstart-up companiesn Africa adopting artificialintelligencebasedechnologies

With respecto Al researctshowinggapsandchallengesGooglehasannouncedhe openingof anAl researcttentrein Accra,
Ghana.This is its first researchcentrein the African continent.This is following companiessuchas IBM that have opened
researctofficesin Nairobi (Kenya)andJohannesburg (South Africa). Microsbfisalsoopeneda datacentrein SouthAfrica
andAmazonWeb Servicef AWS) is expectedo openits own in 2020.Furthermoremuchestablishedentredor Al R&D in
SouthAfrica arenow beingfollowed by KenyaandNigeriawho arerampingup investmentsn R&D. In addition,organisations
suchasR w a n dAfidarsInstitutefor MathematicalScientistf AIMS) aresetto havea significantpartin leadingAl reseach
on the continent.However,it hasremaineddifficult to geta clearpicture of the Al activitiesin Africa becausemostof the
African innovatorsare excludedfrom global reportsand eventsandlose on the opportunityto showcaseAfrican activity and
innovations.This hasled to global reportersclaiming inaccessibilityto information on Al activitiesin the African continent.
Forexamplethe StanfordGlobal Al IndexandE u r o ptaedf Al Reporthadminimal informationon activity from Africa.
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Thus, top African researchershouldseekto attendglobal conferencego network with colleaguesfrom other parts of the
world and sharetheir findings with the restof theworld. However,the challengepersistswheremostresearcheraredenied
entryto countrieswheretheseconferencesire held. For example,African researchennovatorswho attemptedto attendthe
Neuripsconferencen Canadafor the secondyear,morethanhalf the African researcherarho appliedto showcaseheir work
were deniedvisas. This denial phenomenorsystematicallyexcludesAfrican researcherfrom contributingto innovationat a
globallevel.

It mustbe indicatedthat substantiainvestmentin Africa is channeledowardstechnologiessuchasAl asshownin Figure
7 and Figure 8. The Al Impact Index is showing targetingand timing of investmentinto Al which is setto be the key
source of transformation,disruption and competitive advantagein t o d afgstclsanging economy. Drawing on the
findings from the Al Impact Index, it was shown that sectorby-sectorand productby-productimpact of Al will enable
businessefo targetopportunities pinpoint threatsand betteraddresghem. The uniqueanalysiswithin the P w C Alsimpact
Indexincludesthe potentialto freeup time for consumersuchaswhenutilising adriverlessvehicleandenhancegroductsand
servicesquality and personalisationAdditionally, of casesanalysedn this study, Al opportunitiesshowed greapotentialfor
innovation,drivers,timings andhigh feasibility for Al adoptionfor marketsglobally. However, African countriesstill need
to improve the odds of adoptionby reducingbarrierssuch asthe absenceof enablingenvironmentsjncreasedcorruption,
availability of capitalinvestmento startupscompaniegFigure7), accessibilityto marketsand moreto overcomeThe areas
with the biggestpotentialandassociatedimelinesneed tobe outlinedfor African countriesata high levelto assistousinesses
to targetinvestmenin the shortto-mediumterm. For example, somaspect®f changesuchasrobotic doctors,could be even
morerevolutionarybutarefurtheroff.

Figure7: Startupinvestmen($M) in 20190over$1Min Africa
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Total venture capital funding per country - 2018 (in US$ M)

348

---————

Figure 8: Total venturecapital fundingper countryin 2018(in US$M)
6.3 Conclusion

Notably, no sectoror businesswill beimmunefrom the impactof Al. In fact, the potentialfor innovationand differentiation
couldbeall the greatebecausdewer markeplayersarecurrentlyfocusing onAl. The economic impacbf Al onthewor | d 6 s
economyby 2030wasshownto possesshe potentialto improvethe global GDP by 14%, thustranslatinginto approximated
$115.7trillion. As this Al impactis presentingthe biggestcommercialopportunityin the global economy,African Member
Stateseedto take this opportunityfor their citizensandthebenefitsof suchwill bedeterminedy how Africa soughtto harness
fromthislucrative Al venture As 2020hasbeensuggestedb beatipping pointfor A f r i Aladoptienthisis beingobserved

by numerous Africarprivateand public institutions that haaelopted numerouAl -inspiredactivitiesto conducttheir day-to-

day functions,during the COVID-19 lockdown.Continuing thistrendcould furtherincreasethe GDP of Africa, postCOVID-
19pandemic.

However,African countriesoughtto overcomethe challengeshat comewith the implementationof Al to benefitfrom such
venturesFor example therehavecomparativelybeenlimited organisationshathavebeeninterestedn investingin Al - based
productsdevelopmentAdditionally, there has beenlimited advocacyof Al towards existing businesseshat could assist
governmentand businessethe benefitsof implementingmachinepoweredprogressacrossthe continent.Moreover,besides
adoptingAl-basedtechnologiesnto their economicdevelopmentwhich is costly, retrainingof the workforceto enablethem

to operateAl technologiesneedto be consideredand financed. Therefore,increasingskills training in data scienceand
incorporateAl technologiesnto the curriculumandoffer platformsandtools will allow for Al-drivenwork to be offeredasa

servicein Al- basedeconomicdevelopmentMoreover,Al systemsaredesignedrom sensitivedatato improvetheir functions,
thereis a probability thattheseAl systemscanbecomeproneto databreachandidentity theft. Therefore thereis a needto

createtruston Al technologiebecaus®f securityandprivacyissuesarea cornerstonén Al implementationThis canbedone
throughimproveddataprivacyandsecurityframeworkshatwill protectconsumers.

Therearenumerousociatcultural,ethicalandgendeiissueghathaveto betakeninto accountn thecontextof theadvancement
of Al technologiesTheseconsiderationgall into at leastthe following categorieseducationahndwork challengesthe ethics
of Al, legalchallengesandsocic-culturalchallengesin thischapterwewill offerbriefintroductionsto theproblemsassociated
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with thesefour typesof constraintsn the African context.However it mustbeclearthattherearemanyothersubissues
emanatingrom thesechallengesTheissuedlaggedhere,areall issueseededor furtherresearchpolicymaking,and
legislation.

Africa remaindacedwith educatiorandwork challengesnamely reformulatingthe future of work andconsideringheresulting
implications for educationand higher training. There are other relatedissuesresulting from advancesn Al technologies,
suchasthe integrationof Al into our everydaylives, concernsaroundAl and children, and the impact of social mediaon

the quality of humaninteractionsuchas isolation, and bullying on social media,amongothers.Thesechallengedall in the

domainof informationethics,smartcitiesandintegratingAl into our homesvia the Internetof Things.For example this could

possibly resultin social exclusionand inequalities.This, therefore,meansAfrica should pay more attentionto the issueof

educatiorandthefuture of work opportunitieor theyouth.

Ethicsof Al falls into atleastthreemaindomainspamelydataethics,machineethicsandneuroethicsDataethicsareconcerned
with challengesemanatingfrom bias and fairness,accountability,and transparencyn machinelearning. Machine ethicsis

concernedvith two subfields,namelyethicsof socialroboticsandthe building of artificial agentsThe ethicsof socialrobotics
entailsa consideratiorof thedesignof socialrobotsandhow humansnteractwith suchrobots.For examplejssuesconcerning
dignity in the contextof carerobots. The fabricationof artificial moral agentsis anotherconsiderationThis focuseson the

prospectf creatingcomputersand robotsthat can make explicit moral decisions.For example lethal autonomousveapon
systems.The third domainof neuroethicdield is concernedwith issuesaroundthe statusof cyborgsandthe mind uploading
programmeThelegal challengegocuson issuesaroundresponsibilitywhensomethinggoeswrongconcerningAl applications.
This entailsthe useof Al in thejudiciary, privacy and propertyrights issuesandgovernancef dataaswell asrelatedissues
aroundeconomicsocial,andepistemiqusticeandrobotrights. Thefocusherewill beonthefirst three.Finally, someimportant
socio-culturalconcerngocusedon genderequalityin theadvancemeraf Al technologiesvereconsidered.
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Socio-Cultural and Gender Considerations

7.1 Education and the future of work

Theimpactsof Al oneducatiorandthefutureof work wereconsideredlt is evidentthatthe natureof educatiorandthestructure
of curriculafor the schoolingsystemhasto be adaptedowardsAl technologiesThe recommendatioris that at the level of

schooleducationthe focus shouldbe on intelligent networksand personalisedgducationakystemsThis canin-turn ensure
lifelong learning,fairness,an increasein quality, and addresshe challengeassociatedvith the lack of skilled teachersand
relatedfinancialconstraintsn Africa. Thus,the curriculumshouldfocusnotonly on newdisciplinesandskills, suchasincluding

codingbut alsoon skills of socialanalysis.Socialanalysiscanallow pupilsto negotiatearoundthe socialandethicalimpactof

theAl.

With respecto thefuture of work andemployabilityfor youngpeople perhapghe mostimportantskill setfor successfufuture
workersis adaptability. Africans mustunderstandaind acceptthat the world of work is going throughthe mostencompassing
transitionthanit had hado facein the past200 years.Notably, the seriousimplication of this transitionis that Africans must
forgetabout6 j odndidsteadfocuson ¢ w o rTke.fldidity that Al technologiesand the development&Al brings implies
significantdisruptionsat all levels, and distorting perceptionsaand expectation®n how the world is known to haveworked.
Therefore workersof the future musthavethe capacityto dealwith the Al resultantdisruptionsandmanageo constantlyadapt
to thechangingcircumstanceanddemandsvith respecto time-andprogresssensitiveskill sets.

Therearenon-negotiablemoralresponsibilitieghatgovernmentsnustadhereto in termsof atleast5 main concernsandthese

areasfollows:

A Ensuringthat thereis a shift in focustowardsthe quality of skills transferredo learnersat schoollevel. This shouldbe
suchthatthefocusis on collaboratiorandteamwork,communicationgritical thinking, andcreativeandinnovativethinking
skills. This skills transfershouldenablelearnerdo possesabilities suchascomplexproblemsolving capabilities financial
and digital literacy, and presentatiorand marketingskills. Theseskills will ensurethat learnersand future workersare
capableof critically reflectingon theircognitiveabilities,adaptingto circumstancedyutremaincreative;

A Revolutionisghenatureof universitycurriculasuchthatsilo teachingof programmes/modules/courdsgliminated This
canbe carriedout suchthat the stringentseparatiorof disciplinesand facultiesbecomesbsolete But thereshouldbe

reorganisatiomndblendingof disciplinesandfacultiesacrosdertiaryinstitutions;
Focuson educationapartnershipbetweemurposefubusinesseanduniversities;

Fundingresearctfocusedon finding optimalwaysin which to re-skill andup-skill workers.This musttakeinto account
theiruniqueexistingskills set;and

A Makinguseof Al techniqueso predictwhen reskilling and upskilling will becomenecessary.

o 3>
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7.2 Data Ethics: Fair, accountable and transparent machine learning

Thereis justifiably tangibleexcitemen&andenthusiasnaboutthe potentialof machindearningdecisionmakingandpredictive
capabilitiesto benefitsociety.However therearealsoseriousconcernsaboutthetechnology Forinstancethereis a possibility
of structuralbias in algorithmsderived for different Al applications.This can be in the form of stereotypingand unfair
determinations thatanbe incorporatedn machinelearningapplicationssuchasvoice-to-text technologiesfacial recognition
software,algorithmsdeployedto determinefinancial risk, and predictivejustice tools. Given the natureof machinelearning
practicef latchingonandlearningvia recognisingpatternsn data therecouldbeaninherentiasin datathatmaybeamplified
by, or at thevery least,betransferredo resultingpredictionsanddecisions.

Thiskind of biasopenghepossibility of discriminationby-proxy, however,unintentionathis discriminationmightbe.Potential
damageghat emanatdrom machinelearningpracticesncludewithholding economic financial, and epistemicresourcegrom
certainsocialgroupssuchas certainclassespationalities,races,or genderspasedon inherentidentity prejudicein data.The
identity prejudiceincludesmemberof certainracesor personf acertainage omationalityor genderwhich may endup not

havingaccesgo homeloans,and,evenmoreserious reinforcing existingprejudicevia stereotypingand underrepresentation.

For example speecko-text softwaremay not be equippedo recognisdemalevoices,andfacial recognitionsoftwaremay fail
to recogniselackfemalefaces.Thus,thereshouldbeacultureof awarenessf theimpactof thiskind of biason societyinherent
to machinelearningmanifestingthroughtheir resultantdecisionsand predictions.Moreover,thereis a recommendatiorhat
there must be agreementsnadebetweenindustry and governmentin orderto ensuretransparencyand fairnessin machine
learningpractices.

7.3 Machine Ethics: Social robots and the artificial moral agent project

A robot is an artificial entity that is situatedin our world. We are faced with moral, social, political, and economic
challengeswith robotsin our private, work, and social spacesFrom being focusedon the 3 D 6 (&lull, dirty, and dangerous
work), the field of roboticshasexplodedto focuson precisionduring surgery,NASA, military robots,and social interaction
with carerobotsfor the agedpeople,aswell asnannyrobots.Thus,the focusin this sectionwason robotsin our sociallives,
asaspectf otherrobotsarecoveredin othersectionsn the chapterandreportin generalln termsof socialrobots,designed
activities suchas care,companionshigand nannyrobots, the following measuresnustbe putin a placewhenthe robotsare
deployedthrougha policy enactmentThe first measuras the definition of 6 ¢ aanddéc o mp a n shouldbetmiadp dear
to ensurghewell-beingof humandnteractingwith theserobots.Secondly pointing out the limitations of theserobotsin terms
of reciprocalsocial interactionis a necessity And lastly, there should be someguideline of appropriatebehaviourtowards
robots. Thus,the main point is to acknowledgethe debatethat existson the benefitsvs the risks of robot companionf all
kinds. This meansthat,on onehand,thereareconcernghatthe utilisation of carerobotsis unethicalin termsof issuesaround
humandignity, objectification,andshallowingof humansocialinteraction.On the otherhand,thereis an acknowledgementf
theimmensepotentialfor theimprovemenof thequality of life of theelderlyandterminallyill viatheuseof careandcompanion
robots.

Theuseof Al techniquesn healthcardhashugebenefitsin biomedicalresearchgiagnosestreatmenbptionsanddelivery,and
many other aspectsHowever, the potentialand ability of patientsto adaptto changedn diagnosticsand treatmentas well
asan emphasion the responsibilityof healthcareprovidersto maintainp a t i digmity, canfidentiality, safety,and privacy
areimperativemoralconsequenced integratingAl techniquesnto healthcarepracticesThus,therearebroaderconcernswith
respectheethicalimplicationsof socialroboticsincludeprivacyissuesabuseof manufacturingdof homeandcompaniorrobots,
andthe potentialimpactof abuseon themoral fibreof society.Moreover,thereis apossiblenegativeimpacton thequality of
humansocialskills. Furthermoreintegrationwith technologynotonly enhancesumanpotentialbutalsochangesertainhuman
characteristicsConsequentlywe shouldnotonly askaboutwhatwill technologybelike in the futurebutalsowhat will humans
belike in thefuture. This meansasaconsequencef Al, whatarehumansecoming.
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7.3.1 Moral Responsibility

The moral responsibility brings us into the domain of the artificial moral agent, which seeksto find out how much of
humanscan be transferableto Al. The complexity of the artificial agentsthat are being built suchas autonomousveapons
systemsautopilots,andexpertmedicalethicssystemsemphasisethe urgentneedof discussinghe moral capabilitiesof such
agentsand managingtheir potentialrisk. To havesucha discussionwe needto considerthe bestresponseso the following
guestions:

Whatareartificial moralstandards?

Whatis anartificial moralagency?

Whatis artificial moralresponsibility?
Whatis themoralstatusof anAMA? and
Whatis moralpersonhoodmoralrights, etc.?

To To Do I Do

An agent hasnoralagency andull moralstatusif they cancontrol andreflecton theirbehaviour.This is doneby considering
theharmand/orgoodof their actionsby adheringto someethicalsystemWhenwe considemwhatthe conditionsfor theatrtificial
moral agencycould be, there are many suggestionshat can be made.Thesesuggestionsnclude the following, and different
combinationf thefollowing: freewill, consciousnessgsponsibility,intentionality,autonomyjnteractingability, adaptability,
and ability to engagan moral reasoningamongothers.Thus, it becomesbviousthat, given the different levels of autonomy
of the agentswe are building, we should considerinstatinglevels of moral statusrelatingto that autonomy.Different writers
suggestifferent levels of moral status.However,the agreements that while artificial moral agentscannothavefull moral
statusandmoralagencyyet, they musthavesomekind of dynamicor functionalmorality. This bringsusto the questionof moral
responsibility, whichis, would A M A demorally responsible®o we think of their actionsin termsof praiseor blame?There
arevariousadditionalissuego considetere,butthe mostimportantis perhapsow do we ensureghevaluesthatareconsidered
as part of the ethical frameworkfor building theseagentsagreewith our valuesin Africa, and not just with Westernethical
systems?

7.4 Legalchallenges

A Therearebasicallythreekinds of concerrpertainingto legalaspect®f Al applicationsandtheseare:

A Canwehold A M A Gesponsibldor their actionsaWhy, or why not?Do we think of the actionsof anautopilotin termsof
responsibilityin the sameway that we do of an automatedracuumcleaneror following the directionson Googlemaps?
Shouldwe?Why, or why not?

A How do we ascribemoral responsibilityto an agentthat doesnot havefull moral statusand agencyShouldwe?Why, or
why not? and

A How do we close or minimise the responsibility gap? Who is responsiblein the trajectory from manufacturersto
programmerso usergo the softwareitself? Is therea onesizefits-all answetto this questionpr do differentapplications
havedifferentresponses?

7.4.1 TheUseof Al in theJudiciaryandPredictiveJustice

Thisissueof Al in thejudiciary andpredictivejusticefirstly relateso theproblemsgeneratedby Al techniquesnakingpossible
the creationof 6 f a évelen@e . Thus,creatingsomeformof 6 e v i dl ¢ n @ efroraxardplefake news,fake videos,and
morecanbe generatedhroughAl. Thesecondssuerelatesto theuseof Al in legalpractice.This canbeusingmachindearning
algorithmsto makepredictionsaboutbail, analyseevidenceand decisionmaking. Furthermore someof the mostimportant
points to considetheredetermindf the useof Al in thejusticesystemmustalwaysbe compatiblewith humanrights.Moreover,
Al usersmustensurehatthetechniquesiseddo not contributeto anykind of discrimination.Furthermoreijt shouldbe
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ascertainedhatthe responsibilityto be fair and transparentvhenthe processesf machinelearningpracticesare usedin the
judiciary and properly explained.In addition, the relatedresponsibilitymust be to ensurethat dataand models,as well as
evidence are of the bestquality and that cyber safetyis a high priority. Futureconcernsnclude consideringwhetherrobots
haverights,or whetherthey canbe slavesandwhetherit evenmakessenseo speakof robotsbeingmistreated.

Therearenumeroudssuesaroundprivacy and confidentiality thataccompanythe integrationof Al techniquesnto our social,
economicandpersonalives. Thesessuesdncludehealthcaregducationandfinance Propertyrightsandprivacyrightsintersect
in this 4IR contextin fascinatingways.Specifically,therearetwo areaghatneedto be flaggedandtakennoteof for the social
andsecuregoodof Africa. Firstly, thereis theissueof ownershipof data.O n eddvs datamaybecomeoneof themostvalualie
commoditiesof the future. This thenheightenghe needfor privacy laws andthe needto ensurethe public becomditeratewith
Al fundamentalsSecondly,ntersectingwith this oneis whetherAl is a privateor socialgood.Responseto this questionwill
impact on how moral responsibilityissuesare viewed and guide the nature of approachegowardspolicy and regulatory
initiatives.

7.5 Genderconsideration

Al anddeeplearningaretakinganincreasingplacein thedaily andprofessionalives of people notwithoutexacerbatingiender
gapslt isnotaquestiorof apprehensioor cleavagdinkedto thecapacityof womento createdevelop jnnovate anddisseminate
knowledgepertainingto Al. But Al is notdifferentfrom otherscientificfields. It is basedon observeddatathatit may possibly

reinforcegenderinequality andsocialbias,more especiallyin the African continent. Theeasonghe gendergapmay develop
are two-fold; the wider gendergapin Al technologiesaswell asthe undergoingrisks associatedvith Al applicationsand

systemsinsuitedowardsA f r i soaialasdulturalcontexts.

Genderunsteadinesexistswithin the science technology,engineeringand mathematic§STEM) fields, acrossthe world. It
hasbeenreportedthatin scientific researchwomenrepresentessthan30% of global researcherdVloreover,womenareless
than22%in Al-relatedfields. In addition,this gapappearsnorevisible for researcherfrom Frenchspeakingcountriesthan
English speaking countries.Accordingto thei G| oGerderGap Report2 0 2 dndfi T MAkIndex2 0 1 €héreis limited
studiesavailableaboutsuchgendergapsin the African continent.With regardso STEM genderissues segregatiorhasbeen
observedetweermmalesandfemalego bemoresignificantwithin SubSahararcountriessuchasMozambiquel-esothoGhana,
andEthiopia.SouthAfrica is the only countrylistedin the Al-Index2019, and th@roportionof femaleprofessors workingn
Al spaceare28%, thus exceeding theglobal world averageof 20%. Consequentlythis imbalancewill draw drastic
consequencesn thejob market.It will alsohavean influenceon Al systemsn the everydaylife of African citizens.Thus,
to ensurethat thesetechnologiesdo not contributeto the increasingsocialand economicinequalities generalmobilisationis
thusnecessaryk-or example African researcheranoreespeciallywomen, musbe encourageéndsupportedo contributeto
thedesignandtheincorporationof local sensibilities data,andknowledgein Al applicationgo avoid racialdiscriminationand
biasvalues.

It has also beenpredictedthat the job marketwill be significantly impactedby Al. Al will have a negativeimpact on
many digital applicationsthat are susceptibleo automation,more especiallyin industry. This is becauseAl may accelerate
laboursubstitution For exampleclericaljobsandbankt e | Jolestha decurrentlyandpredominantiyheld by womenareat
high risk of elimination.This will be dueto theintroductionof intelligentsoftwarein computewision, imageanalysis natural
languagesinderstandingindprocessingandproliferationof online chatbotsHence African womenareat the forefrontof the
struggleto preserveA f r i vareed aultures,languagesand identities to fully harnessthe deploymentof Al. Moreover,
intelligent automationengineis coming with w o m e woéces,namelyEliza, Alexa, Cortana,and Siri. However,the accents
andnamesof thesedigital voices ardoreignto the African environmentindexacerbating thexistinggenderdivides because
i tpéesentingvomenasbetterin thesesecondaryoles.Eventhoughit is difficult to predictthefuture,butnationalgovernments
andAfrican scientificinstitutionshavethe responsibilityto addresghe scarcityof womenin Al andinvestmoreon sustainable
development.
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7.6 Conclusion

Fortheadvancemeruf Al technologiesnumerousociatcultural,ethicalandgendelissuesnustbe consideredTheeducational
andwork considerationsnustaddresshe ethicsof Al, legal challengesandthe accompanyingocic-culturalchallengesThese
flaggedissuedor a betteradaptatiorof Al needfurtherresearchpolicymaking,andlegislationamongAfrican MemberStates.
For example for Africa to bettersupporteducationandwork frameworksystemsthereis a needto reformulatethe resulting
implications of primary, secondaryand tertiary exposure and training. There are considerationsuch as the integration of
Al into our everydaylives with regardsto children. For example thereis needto monitor and evaluatethe impactof social
mediaon the quality of humaninteractionsuch as isolation and bullying on social media. Moreover, social exclusionand
inequalitiescould arisebecaus@f thedomainof informationethics,wheresmartcitiesintegrateAl intothei n h a b homesnt s 6
via theInternetof Things.Therefore Africa shouldfocuson educatiorandthe future of work opportunitiesfor theyouth, more
especiallywomenandgirls. Gendernsteadiness withiSTEM fields hasbeenreportedto showthat lessthan 30%of women
in the globalscientificresearclcommunity.Furthermorewomenarelessthan22%in Al -relatedfields, moreespeciallyamong
researcherffom Frenchspeakingcountriesthan Englishspeakingcountries. Thus, African countriesneedto bridgeor address
theseSTEM gendemgapsissuesThisimbalancewill drawdrasticconsequenceasn thejob marketif it remainsunaddressed.

This chapterdescribeghe needfor researctof Al in Africa andwhat shouldinform the natureof researctconductedherein
by a nation or region. It also establisheghat the ordinary people and governmentofficials should be able to understand,
appreciateandapplytheresultsof researckproblemsin Al. Not only mustAfrica increasdts humancapacityin thefield of Al
in orderto innovate put it mustalso conductstudiesin pedagogyAl pedagogycanintroducethe conceptof Al unto children
andenablea seamlessvay of living. Foremphasisexampleof nationalAl strategiescrosgheglobeareprovidedto illustrate
theseriousneswith which severadevelopednddevelopingnationshavetakenthis challenge.
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Research, Development, and Innovation

8.1 Possibleexplanationsfor theslow progressof Al research

Sincethelaunchof Al researchin 1956,the growth of this field hassloweddownovertime andhasstalledthe aimsof creating
machinesskilled with intelligent action at the humanlevel. A possibleexplanationfor this delay is that computerslack a
sufficientscopeof memoryor processingower.In addition,the level of complexitythatconnectdo the procesof Al research
mayalsolimit the progresof Al researchWhile mostAl researcherbelievestrongAl canbeachievedn thefuture,thereare
someindividualssuchasHubertDreyfusandRogerPenrosevho denythe possibility of achievingstrongAl. Ontheotherhand,
JohnMcCarthy wasoneof thevariouscomputerscientistsvho believehumanlevel Al will beaccomplishedhut adatecannot
accuratelybe predicted.In addition, conceptualimitations are anotherpossiblereasonfor the slownessin Al researchAl
researchermayneedto modify theconceptuaframeworkof theirdisciplinein orderto provideastrongetbaseandcontribution
to thequestof achievingstrongAl. As William Clocksinwrotein 2003:fi t fraeneworkstartsromWe i z e n Iplsservatios
thatintelligencemanifestsitself only relativeto specificsocialandculturalc o n t e~urthesniore Al researcherbavebeen
ableto createcomputerghatcanperformjobsthatarecomplicatedor peopleto do, suchasmathematicsBut converselythey
havestruggledto developa computerthatis capableof carryingout tasksthat are simple for humansto do, suchaswalking
knownastheMo r a vparadéxsA problemdescribedby David Gelernteis that somepeopleassumehinking andreasoning
areequivalentHowever,the ideaof whetherthoughtsandthe creatorof thosethoughts arésolatedindividually hasintrigued
Al researchers.

Clocksinsaysthat a conceptualimitation that may impedethe progressof Al researchs that peoplemay be usingthe wrong
techniquedor computerprogramsand implementationof equipmentWhen Al researcheréirst beganto aim for the goal of
artificial intelligence, themain interestwashumanreasoningResearcherlopedto establishcomputationamodelsof human
knowledgethroughreasoningndto find outhowto designa computemwith aspecificcognitivetask.Thepracticeof abstraction,
which peopletendto redefinewhenworking with a particularcontextin researchprovidesresearcherwith a concentratioron
justafew conceptsThe mostproductiveuseof abstractiorin Al researcltomesfrom planningandproblemsolving. Although
theaimis to increasehe speedf computationtherole of abstractiorhasposedquestionsabouttheinvolvementof abstraction
operatorgGelernter1994).

Another possiblereasonfor the slownessin Al relatesto the acknowledgemenby many Al researchershat heuristicsis a
sectionthat containsa significantbreachbetweencomputer performancand humanperformanceThe specificfunctionsthat

areprogrammedo a computemmay be ableto accountfor manyof the requirementshatallow it to matchhuman intelligence.

Theseexplanationgrenotnecessariguaranteedo bethe fundamentatause®f thedelayin achievingstrongAl, buttheyare
widely agreedby numerougesearcherdn addition,therehavebeenmanyAl researcherthatdebateoverthe ideaof whether
machinesshould be createdwith emotions. There are no emotionsin typical models of Al and some researchersay
programmingemotionsinto machinesallows themto havea mind of their own. Emotion sumsup the experience®f humans
becausdt allows themto remembethoseexperiencesDavid Gelernterwrites, i N oomputerwill be creativeunlessit can
simulateall thenuance®f humane mo t iThisrton@ernaboutemotionhasposedproblemsfor Al researcherandit connects
to theconcepof strongAl asits researctprogressemto thefuture.
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8.2 Thecase forcuttingedgeinAlresearch

Suchapplicationareasinclude syntheticmusic,telemedicineandprecisionsurgeryaswell assmarttelescopeshatautodetect
and analysepatternchangesin everydaylife, advancemenin Al fields of imageand speechrecognition,and more are being
integratedinto computers televisions,and mobile devices.All such advancesare madepossibleby the increasedfunding
in the educationaljndustrial,and military researchTraditionally, the USA hasprimarily beenat the forefront of Al research
and applicationsthat haveled to significant Al strides(Figure 9). However, Chinais posinga challengeto this dominance.
Nevertheless, Africanustalso stepup hereffortsin Al investmentsn researchapplication,andinnovation,astherehasbeen
meagrefundinginto Al within the continent.To determinethe appropriatéAl branchcrediblefor investmentjt would be useful
for eachnationto examinethe availableresourcest possesseandthe needsit aimsto addressThus,policymakersoughtto
first consultwidely and conducta surveywithin their populacejndustry,andacademiawith regardsto Al advancementand
resultanteffects. The surveydataobtainedshouldthen be utilised into formulating a decisionproblemthat canbe solvedvia

risk analysis.
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Figure9: Topgloballiterary research outpuin Al in recenttimesimagesource:ElsevierAl resourcecentre

Figure9 showsthetop global literary researcbutputin Al in recent timesAfrica, India,andSouthAmericaandmorehavea
combined29% contributiontowardsAl innovation,comparedo similar quantumfrom China, USA, and Europe.However,it

is plausiblethat someof the articlesand productsfrom the leadingregionsin Al haveinput from peopleof African origin.

It is a fact that Africans in the diasporaare very productivedue to the conduciveenvironmentthey operatewithin those
developedeconomiesFor example Dr StepherOdaibo,a medicaldoctorby professionjs the CEO andFounderof RETINA-

Al, USA. His firm developedandreleasedhefirst Al mobileapplicationfor eyecareproviders.TheapplicationknownasFluid

Intelligencereportedlydetectsmaculaoedemaand subretinal fluid on Optical CoherenceTomography(OCT) retinal scans
with over90% accuracy. Withithe African continentDr Jacqued.udik, the Founderand Presidenbf Cortex Logicin South
Africa, is apioneerinvestor andAl expertin dataanalytics.Thiscompanyprovidesan Al Enginefor Businesgo solvestrategic
andoperationaproblems Likewise, Dr TundeAdegbolais founderof African Languagesechnologyinitiative in Nigeria. He
partneredvith Microsoft to localiseMicrosoft Windowsand Office to Hausagbo, and Yoruba,which arethe 3 widely spoken
Nigerianlanguage$Adekanmbi2019).
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Thus, to advanceAl innovationin Africa, African firms and researchersieedencouragementia local patronage policy/
regulation,andfunding support,amongothers.Thus,eventorganisationsuchasthe Demo Africa eventhasbeenestablished
to showcasénnovationacrosghetechnologyindustrywithin the African continent.Forexamplejn 2018,DemoAfrica focused
onfeaturingnewAl productfferedby African startup companie$DEMO Africa, 2018).

Unfortunately,aspreviouslynoted,mostof the notableeducationahlongwith commercialeffortsin Africa areled and mostly
sponsoredy foreign companiessuchas GoogleAl Laboratoryin Ghana,Microsoft in Kenya, Zipline in Rwanda,and more
(Cisse,2018BBC News,2019).But at the sametime, Africa mustcompetein beingableto conductcutting-edgeresearchn
Al andhavethe supportto convertsuccessfutesearctprojectsinto productsandservicesusedby citizens.Al researchis socio
technicalin approachgcrossdisciplinary in scopeand collaborativein engagementOn the researchside, this meanshaving
resourcesvailableto havecutting edgeresearcheraswell asavail themto mentorthe nextgenerationis imperative.Thus,
supportfor researchgdevelopmentandinnovation(RDI) mustbesizeabldn orderto beableto:

A Develop,attract,andretaintoptalent;
A Acquireanddeveloptherequiredtechnicakesourcesuchascomputing datagatheringandpolicy updatesand
A Preparandtransferinnovationsinto themarket.

As the InternationalLabour Organisation(ILO) preparedor thefi f u ofuvroe K re@ogniseghatjobs and workerswill be
greatlyimpactedoby roboticsandAl (ILO, 2020).Therefore Africa cannotafford to beleft behindin Al; thereis no excusenot
to engagein relevantRDI.

8.3 Alresearch and indigenisation

A f r i stremd@ttenustbe looking at herlocal contextfor innovativeinspirationand utilise suchlocalisedinnovationto

affectglobalreach Researchlirectionshouldinclude:

A Applied researchadaptively utilising relevant existing Al tools and techniques,to provide homegrown African
solutionsto African problemsparticularlyin agriculture educationhealthandcommerceTheidentified sectorsarecrucial
to our continuedsurvivalasapeopleandpertinentto African culturehistorically;

A Fundamentakesearchinto evolving African-valuedriven theoriesand metaphorsthat enable contextualisationand
indigenisatiorof fundamentaparadigmandprinciples,governingthefield of Al; and

A A sociotechnicaimethodologicaframeworkfor socialmanagementf Al technologies.

African researcheraeedto havemobility acrosscountriesto enablecollaborationand cooperationThus, thiscanimprovethe
freeflow of ideaswhile encouragingnoreintra-Africa collaboration.Sharingof resourcess alsoimportantin allowing those
researchersvith resourcego afford accesso researchersvho might still be building up. Additionally, the continentneeds
domainexpertsthat can investigatenew solutionsto the challengedacing our society,businessesand governmentsHence,
establishingesearcetworks professorshipandresourcingior youngfaculty is vital. Furthermoreprivatesectorcompanies
needto investin R&D to advancennovation.Giventhe high-techneeddor Al proficiency,theindustrymustcollaboratewith
academiaand other researchiaboratoriesemergingacrossthe continent.Moreover, businesseshould also realisetheir role
in training the next generationof researchersscientists,and engineers.They must further supportAl by directing sizeable
corporatesocialresponsibility(CSR)towardsjunior educationakchoolsfor the promotionof scienceandtechnology.This can
be achievedhroughthe provisionof industrialtoursfor pupilssoto stimulatetheirinterestSTIs andthe donationof computing
laboratoriesresourceslt can also be throughthe sponsorship®f scholarshipsand bursariesjnnovationchallengesand quiz
competitions.
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Notably, the postCOVID-19 world will dependa lot on remotework asideadoptionof Al-driven and virtual technologies.
Failure to be involved in the creationand hosting of web-basedserviceswould thus posesignificant national security risks.

More thanever,Africa shouldnow beginto utilise its naturalresourcegor the local productionof mechatronicomponentand
devices.Presentlythereis a raceby numerousnationsseekingto swiftly producelow cost, efficient and possiblyé s mar t 6
ventilatorsduring this coronaviruspandemic.Someproducersare even placing restrictionson the export of drugssuchas
chloroquine.Therefore this is clearly demonstratinghat Africa cannotalwayscounton importation.Thus,the developmenof
nationalcapacityfor automatiorandintelligentmanufacturinds nowimperative.

8.4 Resource,resource,resource

To makeA f r i preaedcdelt on the global stage,Africa needsto havea sizeableinvestmentin Al R&D. African Member
Statesshould seekpartnersacrossterritories and continentsin orderto build researchinvestmentand resourcesMoreover,
Africa needgo beableto producebachelorsmastersanddoctoraldegreesn STisthatarewith Al alignedprogrammesThus,
for Africa to achievetheseambitions,African institutionswill requiresharingof mentorshipand resourcesThis could be in
theform of specialisegprogrammeshatareaccessiblén differentcountries For example thereareseveraprogramme®eing
formed for suchanambitionsuchasthe African Masterin Machinelntelligencefoundin Kigali, Rwanda.Similar programmes
arealsoavailablein countriessuchasSouthAfrica andMorocco.Basedon the successndeffectivenes®f suchinterventions,
similarprogrammesouldbescaledup andestablishedcrosghe African continent.

Thereis alsoa need todevelop,not only expertisein Al but alsoindigenous dataset$his shouldbe carriedout to modeland
solve our peculiar African problems.Thus, datamustbe collected,collated, storedsecurely,and usedfor our benefit of the
African land. Severalaspectof Al aremore softwaredriven and simply needsour intellect, and few computingresourcego
jumpstart. Additionally, thereis the advantageof accessingppensourcesystemsonline collaborativeforums, and more for
rapiddevelopmentThereforethecontinentcouldplay agreaterrole andconsequenthpenefitmorefrom thistechnology.

8.5 Government must enter the game

Governmentsicrosshe continenthavea significantrole to playin RDI thatis morethansimply resourcingpolicy andfunding.
Governmentsan also largely procurerAl technologyso that they can deliver public servicesto their citizens much more
effectively. It is thusimperativethat RDI becomegartof theway governmentnteractswith Al. This canbethroughproviding
opportunitiesfor local companiesandresearchert enablethemto testanddeploy Al solutionsthatare excellent,thoughtful,
andrespectfuto thelocal context.

Acrossthe globe, numerouscountrieshave adoptedvarious strategieshat they have employedto promoteRDI in Al with

purposefulstrategiesandpolicies. For example,Canadgrovidesfunding for startupsandencouragegmmigrationof experts.
Ontheotherhand,Chinapromotesearly adoptionandmassiveeconomie®f scale.The United Kingdom promotesdatasharing
and partnershipswith global companies.In April 2018, the EU Commissionadoptedthe communicationon Al where it

aimsto increasethe E U &echnologicalandindustrial capacityand Al uptakeby the public and private sectors|t is alsoto

prepareEuropeangor the subsequergocioeconomichangegDutton,2018).Thus,the African countriesshouldamongsbther
things do thefollowing:

A Haveshortandlong-termgoalsandinvestmentsn Al researchEnvisageand

A addressheethical legal,andsocietalimplicationsof Al; Developshared

A publicdatasetsindenvironmentgor Al trainingandtesting;andensurethe

A safetyandsecurityof Al systems.

However,Africa mustfirst addresghe fundamentaldy improving Internetpenetration glectricity and power
accessibilityto communitiesandICT governance.
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8.6 Conclusion

Researchdevelopmentand innovationneitherhappemor succeeddy chancelt is the resultof well-articulatedand pursued
efforts. African governmentst all levelsneedto be inspiredby the AU to deliberatelyinvestin Al researcrand utilisation.

Governmentsicrosghe continenthavea significantrole to play in RDI thatis morethansimply resourcingpolicy andfunding.

GovernmentsanalsolargelyprocurefAl technologysothattheycandeliverpublicserviceso theircitizensmuchmoreeffectively.

Europe North Americaaswell asAsian countrieshavemarshalleddevelopmenplansin similar directionyearsago.Thereis a
needto build capacityin Africa in thisemergingechnologyandsteeiit to areaf competitivenationaladvantageThus,Africa

muststepup her efforts in Al investmentsn researchapplication,andinnovation.In addition, eachAfrican nation needsto

determinethe appropriateAl branchcrediblefor investmentanddeterminethe availablaesourcest possessefor investment
purposesandthe needsit aimsto addressCooperationand consultationefforts needto be increasedetweenpolicymakers,
the industry,academianon-governmentabrganisationsandthe generalpublic on Al advancementand resultanéffects.The

surveydataobtainedhroughthis consultatiorcanthenbeutilisedinto formulatingdecisionsdasednrisk analysis.

Youth and skill developmentfor the African continent are intricately connected.Africa is the youngest continent,
andthis presentsan opportunityfor exploiting this demographiaividend. African countriesmustbe ableto meetthe socio
economicneedsof the youth asa pathto their prosperity.Al is oneof the areaswherethis is very feasible.Young peopleare
not waiting for establishedndustry andgovernmentgo leadthemin developingtheir skills in artificial intelligence,machine
learninganddatascience.Young peoplehavebeenself-organisingaroundthe continentandfinding waysto teachthemselves
andeachothertheseskills.
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Youth, Skills, and Capacity Development

9.1 Youth are already moving

Amongsttheyouthpopulacethereisahungetto learnAl, notsimplyfor thesakeof it, butto beableto pushits limits andcontribute
to the cutting edge . Examplessuchasthe DeepLearningindaba,DataScienceAfrica, DataScienceNigeria, CodefesiNigeria,

Runmila Al Institute haveworkedto bolsterA f r i dewelépsnenin Al and machinelearning. Theseplatformsare mostly

made up of young researcherand youth from numerousAfrican countries.In placessuchas Nairobi, Kenya, a bustling

communityof youngAl anddatascienceenthusiastsneetregularlyon weekendgo learnandteacheachother. After-which, the

youth take their skills backinto their companiesor utilise the newly acquiredskills towardstheir studies,and sometowards
building newAl-basedenterprisesThis type of learningis agile, but at the sametime requiresthatwe recognisets importance
in creating enthusiasmin Al acrossthe board. At universities,such as the University of Pretoria(South Africa) and the

University of Lagos(Nigeria), Al studentsocietieshave sprungup. Thesedevelopmentgoint out that skill developmenis

drivenby energyfrom thebottomup.

9.2 Skills development from the bottom up

Al skills needto be grown acrossthe African continent. This meansthat Africans should move away from simply being
consumerof Al technologiesbut creatorsand knowledgeablaisers.In the latter point, African countriesneedto havetheir
societiesunderstandhow the technologiesvork in generalandwhat effectsthey haveon society. Withouthis, weasAfricans
will notbeableto interactwith theseAl technologiesn our owntermsbasednour African values.

African countriesmuststart Al educationand skill-building much earlierin childrenlives. When childrenarein school,they
shouldbe taughtcomputing(including Al) in sucha way thatthey canunderstandts ubiquity in theirlives aswell asbecome
smarterusersanddevelopersThis challengds notjustin Al, butthereis alsoa scarcityof digital, mathematicahnddataskills

acrosghe African continent.Thus,African countriesmustreintroduceheseskills to formal educatiorsystemsaswell asthose
individualsalreadyin employment. As thesskills continueto be grown, thereis a needfor formal programmesn computing,
Al, datascienceandethicsof Al. Thesewill beundergraduatprogrammesll theway to doctoraltraining. Moreover,theyouth
mustbe madeawareof theresearctpipelineopportunitiesavailablewith respecto Al -relatedfields. Furthermoreijt shouldnot
simply be aboutthe youth actingas supportfor outsidetechnologiedut beingableto shapeAl technologyto suit the African

context. Theseskills will prepareAfrican youth for the nextgeneratiorof work andreducesomeof the socialeffectsAfrican

mayfaceas Al disruptionmarcheon.

9.3 Many outcomes, not just degrees

The skills pipelineshouldleadto multiple outcomesandoutputs.Someparticipantswill endup in theindustry,asentrepreneurs
andin governments policymakersandimplementors Someparticipantsshouldendup in centresof excellencen Al aligned

programmesaroundthe African continent. Earlier, it was mentionedthat MS programmesn Al/DS in different countries

could be the beginningof Centresof Excellence,which can then move onto having parts of thesecohorts enter doctoral

programmes.Furthermore African countriesshould establishrobust resourceghat can assist graduatesin establishing
careersacrossthecontinentto preventraindrain.Moreover African governmentshouldutilise goodmentorshimetworks
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and createopportunities.This should be carriedout to learn and use advancedskills to tackle someof ours o c i éotal e s 6

challengesindberewardedor suchopportunities.

A f r icapadityss infinite giventheyouthpopulaceHowever building capabilityfor Africansshouldbe consideredisalong
termgoal. Which is why shorttermthinking will not assisthe Africanc o nt i n e +edodomicgwtitwittorespecto Al
technology.African governmentsnustlook at a phasedapproachin building up skills, leadingup to a new computationally
driven capabilitythatis agileto changeghatwill eventuallycome.FurthermoreAfrican countrieswill haveto choosespecific
opportunities within Althattheywill focuson. After measuredyrowth andtraining in thoseAl fields, theseAfrican countries
will beableto offer servicesaandproductsrelatedto thosefields to othercountriesn acooperativenanner.

9.4 Representation and inclusiveness

More Africans are neededto play a significant role in the AI/ML space.This is particularly importantin that as African

governmentsand businesseare building skills, thoseinterestedmustbe encouragedo haveenoughcuriosity to persistently
learn,eventhoughtheyfacechallengesndfailure until theyachievetangibleoutcomesandoutputs.In thisway, suchinnovators
canincreasethe representatiorof Africans in building and shapingthe Al technologiesThis will not only resultin better
productsbutaddresshebiasedhatarealreadyinherentwithin AI/ML s y s t azlopsofandadaptation.

9.5 Capacity development of Al across the African continent

The African continentcannotafford to abstainfrom the raceof Al adoptionin orderto createa competitiveadvantagen her
socio economicdevelopmeniand acceleraterogressfor national security and well-being. Many developedand developing
countriesarepreparingnewgeneration®f professionalsvith technicalskills thatwill masterthe differentmethodsof Al. This
workforcewill alsobeawareof theethicalandsymbolicchallengeshatAl representsThemassiveprocessingf datagenerated
by connecteddevices createsnew professionssuch as data scientists, Al programmersand more. This will allow for
considerableprogresso be made,in particular,by the massivecollectionof dataleadingto dataanalytics.This progresswill
increasecomputingcapacitiesand advancesn algorithms.If deeplearningseemso be preponderantthe other sub-domains
suchasrobotics, computer visiorgutomated reasoningiachine perceptiorgugmented realitgnd knowledge representation
will alsoadvancevertime andcatchup.

Currently, it remainschallengingto predictall the technologicaladvanceghat will be realisedas a resultof Al. But there
is anurgencywithin African MemberStatesn engagingontrainingprogrammedor public andprivateinstitutionsin launching
licencesand developingrobustundergraduatand postgraduate(mastersand PhD) studieswhich can matchup to the rapid

emergencand deploymentof Al technologiesAn Al descriptivebibliometric study of scientific paperson researchrendin

African countriescovering the period up to 2020, indicatesfeeble participationof African countriestowardsAl research,
developmentand industrialisation.This mappingis basedon the web of sciencedatabasesnd concernexclusivelyAl high

rankedournalpublications.

The continentis divided into three categoriesas shownin Figure 10. As shown,there are significant disparitieswithin the
African countriesForexamplethereareonly five (5) African countrieswith morethan1500publications Of thosecountries,
only one(1) countryhas127 publications.The restof the othercountriesposseszeropublicationson Al-basediechnologies.
It was alsoobservedthat someuniversitiesin selectedAfrican countrieshave competitivetraining programmeswith high
standards, comparativelyspeaking Furthermorelack of employmentandresearctanddevelopmenbpportunitiesaswell as
fundingin nationalcompaniepromotesa braindrainfrom the African continent.Thedisparityandsituationremaincritical
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andfraughtwith the African context. Hence, this report on the Al-powered future in Africa is of utmost importance
and urgent. Therefore the academiccommunity,policymakersand scientific corporationshaveanimportantrole to address
the opportunitiesandchallengepresentedy Al.

9.6 Qualifications, reskilling, and employability

In the 4th industrial revolution, Al has becomeinterdisciplinaryin that it featuresinto various facetsof sociceconomic
challengesof Africa including health, finance, agriculture,and manufacturing.Thus, African universitiesshould ascertain
that the qualificationscurrently offered, more especiallyComputerSciencedegreescan sufficiently equip African graduates
with the skills necessaryo meetthe challenges poselly the 4th industrialrevolutionincorporating Al. Thereforea review of

curriculaat universities,togetherwith input from industrial and relevantsectors,shouldbe conductedto determinewhether
curriculaincludetherelevantbuilding blocksthatcansufficiently equipgraduatesor their particularcareersn the4th industrial

revolution.

Thereis alsoa skills gapwithin the currentworkforcethatwill needto be bridgedto providepeoplewith the necessargkills to
dealwith newchallengesrisingin theirjobschangessa resultof Al. African countriesneedto identify theseaffectedsectors
of the workforce. This will be necessarglependingon the infrastructureof that particularcountry and may requireto putin
place mechanismssuch as short coursesand certification, to provide the necessansupportneededto upgradeskills of its
citizensandworkforce.

Oneof the growing concernsemanatingrom the incrementarole that Al is playing is the lossof jobs. In severalsectors Al
will complemenjobs, helpingto reduceworkloadandworker fatigue.However,therewill alsobea skills shift thatwill result
in certainjobs becomingredundant,but new jobs arising. The skills shift needsto be managedto reduceunemployment
resulting from this developmentin addition, planning needsto be donewith industry and the various sectors.This can be
carried out by firstly identifying what the skills shift will be and which parts of the workforce will be affected by this
advancementAfter identifying thesegaps,public and private institutionsmay needto providetimeoustraining. This training
will equiptheworkforcewith thenecessargkills neededo moveinto the newjobsbroughtaboutby Al and4IR.

9.7 Conclusion

African mustfocus on youth and skill developmentas they are intricately connected Since Africa hasa young population,
African countrieshavethe opportunityto exploitthis demographidividend. This will improvethe chance®f African countries
into beingableto meetthe sociceconomiceedf their citizensandpresenia pathto prosperity. Thus,Al makesthis ambition
feasible.African countriesshouldbuild on the enthusiasnandexploit thatyoungpeopleare alreadyestablishinghemselvesn
developingartificial intelligence,machinelearninganddatascience Thereis tremendougnthusiasnirom youngpeopleself-
organisingaroundthecontinentin finding waysto practiseandlearnAl -basedskills. Moreover,Africansshouldbecreatorsand
knowledgeableAl usersand avoid being just consumerf Al technologies Additionally, African countriesmust start Al
educationand skill- building much earlierin childrenlives. When children arein school,they should be taughtcomputing
(including Al) in suchaway thatthey canunderstandts ubiquity in their lives aswell asbecomesmarterusersanddevelopers.
This challengds notjustin Al, butthereis alsoascarcityof digital, mathematicahnddataskills acrosshe African continent.
Thus, African countriesmust reintroducetheseskills to formal educationsystems,as well as thoseindividuals alreadyin
employment.
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Figure 10: Publicationsgn Atrtificial Intelligence

The governmentof any African Member Stateis a key role playerin the developmenbf policies, rules and regulations
relatedto Al. Throughthe nationalagendaand vision setting,the governmensetsthe tonefor thec o u n tdavelopnsent
trajectory.Therefore this informsthe formulationandimplementatiorof the policy. In additionto settingandimplementing
policy, the establishmenof the nationalinfrastructurerequiredto supportand facilitate the developmenif Al requires
sanctioningandleadershipf eachAfrican MemberState.In playingthis leadershipgole, the nationalgovernmentsiavethe
obligationof ensuringthatAl policy andpracticesareco-createdwith otherrole playerssuchasthe privatesectoracademia,
andcivil society.Thus,eachcountryshouldformulatea clearandcohesivenationalin-countrystrategyfor Al. This national
strategyshould constitut@ppropriaténdicatorsthatcanbe utilised to track progressanditeratively assesshe success and
impactof policy interventions Dependingon their currentlevel of Al readinessind availability of resourcesthe strategy
shouldinclude thefollowing:

Establishmentf anationalAl infrastructure;
PromoteAl awarenessducationandresearch;
DevelopAl tools,standardsandplatforms;
Designpolicy andregulatoryinterventiondor Al;
Allocatespecificresourcesor nationalAl initiatives;
andestablishandaffiliate with an AU institutefor Al
to coordinateandsupportnational Al strategy,
resourcesandinitiatives.
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Recommendations for Al Adoption and Implementation

10.1 National Alinfrastructure

An Al strategyshouldseta clearandsharedvision for eachAfrican country.A nationalAl infrastructurecanbe establishedo
support,coordinateand drive this vision. This could include Al forums, societies,networks, and institutes. One approach
is the establishmenbf a national institute for Al to facilitate Al skills and policy developmentin orderto coordinatea
nationalAl innovation ecosystenin exampleof suchaninstituteis the Centre forAl Researci{CAIR) in SouthAfrica. The
CAIR is a nationalresearchnetwork that conductsfoundational,directed,and applied researchinto various aspectsof Al,

includingAl for DevelopmenandinnovationandAl for Cybersecurity.

10.2 Al awareness, education, and research

Thereshouldbe a drive to improve Al literacy andawarenes$or the African populace For example thereis often confusion
betweenthetermsAl, machinelearninganddatascience Al is a broadareathatincludesmachinelearningand much of data
scienceandanalytics (se€hapterd). An exampleof suchaninitiative will beto impartbasiccodingto all learnersstartingas
early asprimary school.Hence,emphasignustbe placedon ensuringthat thesetraining, awarenessand educationinitiatives
are focused on demographiccommunitiesthat are usually underrepresentedn technology development.These under
representedemographicommunitiesncludewomenandthe handicappegopulation,in orderto addresshe ethicalconcerns
aroundbiasoftenassociateavith Al.

At universitiesAl isusuallytaughtto undergraduatpursuingcomputeiscienceandsometimegsomputeengineeringp ac hel or 6 s
degreesTherefore thesedepartmentsnustbe strengthenedh orderto be ableto keeptrack of the rapid researchadvances
beingmadein this area.As the custodianof Al, computersciencedepartmentsvill maintainadvancedexpertisein Al. They

needto rapidly updatecurriculasothatthe computeiscienceandcomputerengineeringgraduateproducedy thesedepartments

havea deepunderstandingf Al technologywhenthey enterthe Information Technology(IT) industry. Thesegraduateswill

be key role playersin the developmenbdf Al technologycustomisingt for thelocal contextanddevelopingbasicAl courses
thatcanbeofferedto studentacrossall disciplinesbeyondComputerScience.

10.3 Develop Altools, standards, and platforms

Al developmentools and experimentalplatformsallow developerdo rapidly prototypeand deploy Al solutions.There are
numeralestablishedpensourceand commercialAl developmenplatforms.For example thereis TensorFlow and PyTorch
thatfocuseson deeplearningand Protégéeditor focuseson ontology engineeringand developingknowledgebasedsystems.
Sincetherearerobustopensourceplatformsthatarefreely available thereis alimited costinvolvedin establishinga small Al
startup company.However,navigatingthe plethoraof tools availableand upskilling canbe daunting.As part of the national
Al strategy,a suiteof standarddevelopmentools mustbe identified and maintained Expertisecanthenbe establishedround
thesetools.
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Customisedn-countryAl coursesanbedevelopedaroundthesetools. This canthereforefacilitatebroadbasedAl training
andimprovepublicaccessgo Al.

10.4 Allocate specific resources for national Al initiatives

For Al developmento flourish, African governmentsshouldinvest resourcesn researchand developmentAnd also, they
should encourageAl-led industrial developmentthrough incentivesfor the private sector. Theseincentivesshould place
emphasion the needto supportthe developmenbf the nationaltechnologicainfrastructure. They should creat@n enabling
environmentandbuild capacityto incentivisesuitablyskilled workforceandbring otherinitiativesthatareessentiafor industry
to function and flourish in the future. Governmentsalso need to support smalkto-medium enterprises(SMEs) and
entrepreneurgnteringthe Al space This balancedapproactis requiredsothatit encourages innovation and investmienAl

while protectingcitizensand consumersAs with othertechnologiespationalgovernmentavea pivotal role to play asan
adopteranduserof Al itself. Thisrequirestheintegrationof Al in theworkingsof nationalgovernmentandin-servicedelivery.
Furthermorenationalgovernment$aveaccesgdo massiveamountsof dataandthroughcarefully structuredopendata.Thus,
opengovernmeninitiativescanhelpto demonstratéghebeneficialuseof Al.

10.5 Establishment of an AU institute to coordinate and support national Al strategy, resources,
and initiatives

The AU should establishan overarchingAfrican Institute for Al, which canfacilitate the developmenbf, and connections
betweennationalAl institutesthroughoutAfrica. This institute can establishguidelinesand principlesfor Al developmenin
Africa. It canalso coordinateegionalandcontinentalAl forums,societiesand networks. Thenew chairpersorof the African
Union, PresidenCyril Ramaphosayroposedhe establishmenof an Africa Al Forum2.This forum will serveasa platformto
discusgheform andstructureof suchaninstitute. Thisinstitutecouldplay a pivotal supportiverole throughinitiativessuchas:

A Establishingan Al network betweenAfrican universities.
A Establishingarepositoryof keytoolsandfacilitate accesso expertiseandtrainingin these
A tools.Establishingestpractisesandadviceon policy andregulatoryframeworksfor Al.

10.6 Conclusion

Each African Member Statemust formulate a clear and cohesivenationalin-country strategyfor Al. This nationalstrategy
shouldconstituteappropriateéndicatorsthat canbe utilised to track progressanditeratively assesshe successandimpactof
policy interventions. Dependinon their currentlevel of Al readinesandavailability of resourcesthe strategyshouldinclude
the establishmentf a nationalAl infrastructure promotionof Al awarenesseducationand researchandthe developmentf
Al tools,standardsandplatforms.FurthermoreAfrican countriesshoulddesignpolicy andregulatoryinterventionsfor Al and
allocatespecific resourcedor national Al initiatives. Moreover,the AU mustestablishan institute for Al to coordinateand
supportationalAl strategyyresourcesandinitiatives. Additionally, emphasisnustbe placedon ensuringhattherearetraining,
awarenessand educationinitiatives that are focusedon demographiccommunitiesthat are usually underrepresentedn
technologydevelopmentTheseunderrepresentedemographicommunitiesncludewomenandthe handicappegopulation,
to addressthe ethical concernsaroundbias often associatedvith Al. Moreover, for Al developmento flourish, African
governmentshouldinvestresource researctanddevelopment.

2 https:/www.itweb.co.zalcontent/L PwQ5MIyVpzoNgkj
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They shouldencourageAl -led industrialdevelopmenthroughincentivesfor the private sector.Theseincentivesshouldplace
emphasison the needto supportthe developmenbf the national technologicalinfrastructure. They should also createan
enablingenvironmentand build capacityto incentivisesuitably skilled workforce and bring otherinitiatives that are essential
for industryto function andflourish in the future. Governmentalso needo supportsmaltto-mediumenterprise§SMEs)and
entrepreneursnteringthe Al space.This balancedapproacthis requiredsothatit encouragegnovationandinvestmentin Al
while protectingcitizensandconsumers.
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