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ABSTRACT

Kenyahasemergedinrecenttimesasoneofthefastestgrowingtelecommarketsintheworld.There
isnotasingle,widelyusedparadigmwhichhassynthesisedthevariousschoolsandtheoriesdealing
withtechnologyandsociety.Thisarticlearguesthattheissueofmobiletechnologyonsocietyis
acomplextechnicalandsocialphenomenonthatneedstobeunderstoodfrombothICTandsocial
scienceperspectives.Thisstudyusedtheconceptofgovernancesocio-techno-economicsystemsas
thetheoreticalframework.Systemdynamicsareusedasboththemethodologyandtooltomodelthe
mobileindustryimpactonsociety.Thestudyshowsthattheincreaseinsocialcapitalintensityisan
importantsourceoftheeconomicgrowth.Thisincreasewillstrengthentheacceleratormechanism
oftheeconomyandcreateslargermultipliereffects.Theincreaseinsocialcapitalintensitycanbe
obtainedthroughmanaginginnovationprocessesbaseonthedevelopmentofeducationandtheR&D
capacityofthenation.
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1. INTRoDUCTIoN

Doestechnologyshapesociety,ordoessocietyinfluenceourtechnologicalchoices?Istechnological
determinismatheoryofsocietyoratheoryoftechnology?ThedebateonScience,Technologyand
Society(STS)studieshasbeenanimatedbytwooppositeviewsontechnology:onethataffirmsthat
technologyshapessociety,andtheotherthatsocietyshapestechnology.Theformer,iscommonly
associatedwiththenotionoftechnologicaldeterminism;whilethelattercouldbelabelled‘social
shapingoftechnology’whichcoversvariousapproaches,suchassocialconstructivismandactor-
networktheory.Neitherprovidesanoverallview:butbothhavefailedtogiveusacomprehensive
viewoftechnologicalchangeandthemajorforcesdrivingsocialchange.

ThispaperinvestigatestheimpactoftechnologyusageonthesocietyinKenya.Arecentpaper
by(Amosetal.,2018)lookedatmobileindustrygovernanceinKenya.Itisanacceptedviewthat
technologicalprogressisanextremelyimportant,perhapsthemostimportant,determinantinthe
growthinoutputperman.Inthediscussionsoftheroleoftechnologicalchangeintheeconomy,
thequestionsaskedarehowtechnologicalchangeaffectdifferentfactors(capitalandlabor).Asa
milestoneinthetheoryofeconomicgrowthliteratures,Solow(1956)modelledthetechnological
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changethroughmultiplyingtheproductionfunctionbyanexogenousincreasingscalefactorA(t).
ThetermA(t)intheproductionfunctionrepresentsalltheinfluencesthatgointodeterminingoutput
besidescapitalandlabor.ChangesinAovertimerepresenttechnicalprogress.Themodelsthathave
beendevelopedsofardonotprovidesatisfyingdirectionsforpolicypurposes.Foradeveloping
country,themostimportantquestionishowtodesignarobuststrategyoftechnologicalchangesthat
canbeexpectedtoimprovehernationalproductivityconsiderably.Itisimportantforpolicydesign
thatthemodelhastohaveanappropriatepolicyspacetoexploretheentrypointsforanevolutionary
change.Asabasisfordesign,themodelstructureandthebehaviourofthemodelanditsempirical
relevancehastobefullyunderstood.Notalwaysdoinnovationsinvolvetheapplicationoftechnology:
organizationalandserviceinnovation.Technologybyitselfisofnosignificanceunlessitistranslated
intoinnovations.Innovationanddiffusionareprimarilyeconomicandsocialprocesseswhichinvolve
manyotheractorsandbehavioursbesidesthosedirectlyinvolvedinthecreationoftechnologyitself
(Dodgson&Bessant,1996).

2. THeoReTICAL FRAMewoRK

STSisacontestedacronym:someunderstanditas‘scienceandtechnologystudies’,whileothers
seeitas‘science,technologyandsociety’(studies)or‘socialstudiesofscienceandtechnology’.
ForthispaperSTSstandsforScience,TechnologyandSociety,emphasizingthesocietalaspectsof
scientificandtechnologicaldevelopment.ConcernsaboutS&TwerebornofWorldWarII,when
peoplerecognizedthecomplexandproblematic,andsometimesundesirable,relationshipsbetween
powerandscience.STSemergedclearlyinthelate1960sasasocialmovement,besidesothersocial
upheavalsthatappearedthen(e.g.environmentalandfeministgroups).Becauseofitsorigins,STS
studieshaveoftenbeencriticalofS&TdevelopmentsandoftentrytoproposewaystocontrolS&T.
Lateron,inthe1980s,STSwasreinventedandturnedintoanacademicfield,focusedmainlyon
knowledgecreation,ratherthanpolicyandcontrolissues.

Someauthors(Spiegel-Rosing,1977;Teich,2001)arguethereisadividebetweenSTSstudies
andpolicy-making.Others(Williams&Edge,1996)affirmthatsomestreamsofSTSstudies(e.g.
especially social shaping of technology) have been concerned with technology policy. It can be
arguedthattheseacademiccommunitiesarequitedifferentiated,withverylittleoverlap.Thisdoes
notmeanthatSTSscholarshavenotinfluencedpolicy-making,asitisnottheirmainconcern,while
STPresearchersdoseektoaffectpolicydirectly.

STSstartedasamovement,withacriticalviewofscientificandtechnologicaldevelopmentand
itsimpactuponsociety,proposingalternativestocontrolS&T.STSlaterturnedintoanacademicfield,
moreinterestedinknowledgecreation,havingastrongdisciplinaryfocus(sociological,philosophical,
orhistorical).STP,accordingtosomeauthors,grewoutofthe‘control’approachtoSTS.

ThedebateonSTShasbeenanimatedbytwooppositeviewsontechnology:onethataffirmsthat
technologyshapessociety,andtheotherthatsocietyshapestechnology.Theformer,iscommonly
associated with the notion of technological determinism. There is no ‘accepted’ definition of
technologicaldeterminism,andtherearealsovariousdenominations(e.g.softvshard).Andrew
Feenberg(2002)statesthattechnologicaldeterminismisbasedontwotheses:

• Thepatternoftechnologicalprogressisfixed,movingalongoneandthesametrackinallsocieties.
• Socialorganizationmustadapttotechnicalprogressateachstageofdevelopmentaccordingto

‘imperative’requirementsoftechnology(Feenberg,2002).

Themainideasbehindsocialshapingarethattechnology:
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• Isseenasadimensionofsocietyratherthanasanexternalforceactingonitfromametaphysical
beyond

• Doesnotfollowitsownmomentumbutisinsteadshapedbysocialfactors,and,
• Isopentonegotiationandchange,whileitisdesigned.

2.1 Integrated Societal, ICT and economic Theories
Forageneralview,ahigh-levelconceptualframeworkof thenationalmodel is illustratedin the
figure1withthelinkagesamongtheeconomy,society,andenvironmentsub-systems.Withineach
sub-systemarethenumberofsectors,modules,andstructuralrelationsthatinteractwitheachother
andwithfactorsintheotherparts.

The economy sub-system contains major production sectors (agriculture, oil, industry and
services) as the supply side,which is characterizedbyCobb-Douglasproduction functionswith
inputsof resources, labour, capital, and technology.Demand side (consumption, investment and
government)isbasedonpopulationandpercapitaincome.Thegovernmentsectorgeneratestaxes
basedoneconomicactivityandallocatesexpendituresbymajorcategory,whichthenimpactsthe
deliveryofpublicservices,subjecttobudgetbalances.

TheSocialsub-systemcontainsdetailedpopulationdynamics;healthandeducationchallenges;
andpovertylevels.Theserecentsectors’effectinitsturndeterminespopulationgrowth.Population
determinesthelabourforce,whichshapesemployment.Educationandhealthlevels,togetherwith

Figure 1. A high-level conceptual framework of the interaction ICT, economy, society and the environment (PRISM and Knight, 
2000, cited in PCE, 2002)
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otherfactors,influencelabourproductivity.Employmentandlabourproductivityaffectthelevelsof
productionfromagivencapitalstock.

TheEnvironmentsub-systemtrackspollutionfromproductionanditsimpactonhealth.Italso
determinestheconsumptionofnaturalresourcesandcandeterminetheimpactofthedepletionof
theseresourcesonproductionorotherfactors.

TheICTissuesatthecentreofthediagramaresoheavilyinterconnectedwitheconomy,society
andenvironmentthatimpactonmostfactors.

Basedonthisconceptualframeworkthenationalmodelwillbeconstructedinsystemdynamic
approachandmodelling.Ingeneral,SystemDynamicsattemptstomodelthebasicstructureofasystem
tobeabletocapturethebehaviorthatthesystemproduces(Sterman,2000).Itisthuspossibletogive
clear,quantitativecause-and-effectrelationships.Theserelationshipsareconstructedbyidentifying
feedback loops thatexistbetweenobjectswithin the system.Thesecanbepositive,negative,or
stock-and-flowrelationships.Infeedbackloops,achangeinonevariableaffectsothervariablesin
thesystemovertime(oftenincludingdelays),whichinturnaffecttheoriginalvariable.Identifying
alltheserelationshipscorrectlyandexplicitlyisthemeanstounderstandingcomplexsystems.

Systemdynamicmodellingcontains4phases ingeneral: qualitativemodelling,quantitative
modelling,modeltestingandexperimentation.Duringthestageofqualitativemodelling,acausal
loopdiagramisdrawn(Sterman,2000).Inthequantitativemodellingstage,astockflowdiagramand
aSystemDynamicsimulationmodelarecreated(Sterman,2000).Followingsettingupthemodel,
itistestedwithavailabledata.Ifitpassesthetesting,themodelisusedinexperimentstogenerate
informationforsystemanalysis.

Beforediscussingtheappliedstagesinthepresentstudy,itshouldbetakenintoconsideration
that(Sterman,2000)statedthatmodellingisiterative.Iterationcanoccurfromanysteptoanyother
step.Inanymodellingproject,onewilliteratethroughthesestepsmanytimes(Sterman,2000).

2.1.1 The Social Technical System (STS) Component
Socio-technicalsystemreferstotheinterrelatednessofsocialandtechnicalaspectsofasystem.In
fact,itismuchmorecomplexthanmixtureofpeopleandtechnology.Manyoftheindividualactors
inSTSaredifficulttodistinguishfromeachotherbecauseoftheircloseinter-relationshipsincluding:
2.1.1.1 Hardware
Mainframes,workstations,peripheral,connectingnetworks.
2.1.1.2 Software
Operatingsystems,utilities,applicationprograms,specializedcode.
2.1.1.3 Physical Surroundings
Buildings also influence and embody social rules, and their design can affect the ways that a
technologyisused.
2.1.1.4 People
Individuals,groups,roles(support,training,management,linepersonnel,engineer,etc.),agencies.
2.1.1.5 Procedures
Bothofficialandactual,managementmodels,reportingrelationships,documentationrequirements,
dataflow,rules&norms.
2.1.1.6 Laws and Regulations
Thesealsoareprocedureslikethoseabove,buttheycarryspecialsocietalsanctionsiftheviolators
arecaught.Theymightbelawsregardingtheprotectionofprivacy,orregulationsaboutthetesting
of chips in military use. These societal laws and regulations might be in conflict with internal
proceduresandrules.
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2.1.1.7 Data and Data Structures
Whatdataarecollected,howtheyarearchived,towhomtheyaremadeavailable,andtheformatsin
whichtheyarestoredarealldecisionsthatgointothedesignofasocio-technicalsystem.

STSrepresentaninterpretiveprocessmadepossiblebyoptimizingthe“goodnessoffit”between
technologyandhumansystems.Multi-factoranalysissuggests thatbymaximizing thedegreeof
self-regulation,workgroupproductivityandjobsatisfactionwillbeconsistentlyhigher.Thus,socio-
technicalsystemscreatetheorganizationalcontextforknowledgesharing,learningandinnovation
enablingworkgroups to thinkand learncollaboratively thereby,developoriginalworkpatterns,
maintainflexibilityandcompetitiveadvantage(Aldridge,2004)

When the sub-components of each component and their interrelationships were taken into
consideration,itwasrealisedthatboththeglobaltechnological,economic,andsocialmeta-systemand
relatedsub-systemswerecomplexsystems.Allthreecomponentsofthemeta-system(i.e.technical,
economy,andsociety)andmostofthesub-systemsofthesecomponents(e.g.economicprocesses,
marketoperations, individualpeople, companies, etc.) are classifiedunder a special categoryof
complexsystems,terminologicallyknownascomplexadaptivesystems.Thedistinguishingfeature
ofthistypeofcomplexsystemsisthat‘theyinteractwiththeirenvironmentandchangeinresponse
toachange’(Clayton&Radcliffe,1996),thatis,theyco-evolve.

TheconceptofSTSemergedfromthestudiesundertakenbytheTavistockInstitute,London
especiallyduringthepost-warremobileservicesprovisionofindustry(Trist,1981;Cartelli,2007).
Cartelli(2007)reportedthattheemergenceofthisconceptishighlynecessaryinpursuitofafit
between the work force and machine during the introduction of technological systems for work
automationwhenitwasfoundoutthoseworkersareresistanttotechnologicalinnovation.Sincethen,
theconcepthascomeintoluminance.ThisconcepthasbeenpreviouslydiscussedbyOladokunet
al.(2012a)andabriefdescriptionofitisgivenbasedontheaccountofWalker,etal.(2008).STSas
aconceptisfoundedontwomainprinciples.Thefirstoneistheinteractionbetweenthesocialand
technicalsub-systemsthatsettheconditionsforsuccessful(orunsuccessful)systemperformance.
Theyarguedthattheinteractionsarecomprisedpartlyoflinear“causeandeffect”relationships,the
relationshipsthatarenormally“designed”,andpartlyfrom“non-linear”,complex,evenunpredictable
relationships,whicharethosethatareoftenunexpected.Soft,whichissocio,doesnotnecessarily
behave like thehard,which is technical (Walker,etal.,2008).That is,peoplearenotmachines.
Theyfurthermentionedthatwithgrowingcomplexityandinterdependencethatthe“technical”can
starttoexhibitnon-linearbehaviour.STSasamethodologyofsystems-basedapproachofscientific
inquiryisthenusedtohandlethiskindofcomplexity.Thesecondofthetwomainprinciples,isthat
“optimisation”ofthetwosub-systemsmustbesought.Thatis,theneedfor‘jointoptimisation’of
thetwosub-systems.Dwyer(2011),however,usedagenericmodeltoillustratethisconceptofas
showninFigure2.

TheDwyer(2011)genericmodelwasusedtorelatetheproblemunderinvestigation,thesocial
systemsandhowitrelatestotheenvironmentisshowninFigure14.Itiscomprisedofinterplay
betweenvariousvariablesincludingbehavioralvariablesandtheenvironmentandalsoeconomic
variablesandpolicy/regulationsvariables.Alloftheseworkstogetherasasysteminordertodevelop
thedynamicofmobilephonesandeconomicgrowthsystems.

Inthisconnection,thedevelopedmodelproposesastructuralmodelthattraversesfromthemicro-
leveldemandforandsupplyofmobilephoneservicestoaggregatechangesinmobilepenetrationand
themacroproductionfunctioninwhichGDPisdeterminedbytraditionalinputsincludingcapital(net
ofmobile),andlaborstock.Thereisnoattempttoprovideageneralexplanationofthedeterminants
ofnationaloutput.Rather,amacroproductionfunctionapproachthatrelatesinputstooutputisused.
Weendogenizemobileinvestment.Thecausalmodelwedevelopasseeninfigure18demonstrates
variousrelationshipsbetweenmobilepenetrationandgrowth,factorsthatdeterminethedemandfor
andsupplyofmobileservices,andthosethatinfluencethechangeinmobilepenetration.
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3. A BRIeF DeSCRIPTIoN oF SySTeM DyNAMICS MeTHoDoLoGy

3.1 System Dynamics Process
Asystemdynamics (SD)studyadopts thecase study researchdesign; it aims todoan in-depth
elucidationofoneentity–thesysteminfocus.TheSDmodellingprocessinvolvesconceptualization
andquantificationofthephenomenaunderlyingtheproblembehaviour.Although,theSDprocess
issomewhatiterative,ithasdistinctphases.AccordingtoCoyle(1996),Forrester(1991)andPidd
(1988)theprocessentailsthefollowingstages:-

1. Identificationoftheproblem
2. Developmentofadynamichypothesisexplainingthecauseoftheproblem–drawinginfluence

diagrams,eitherascausal-loopdiagramsorlevel-ratediagrams
3. Qualitativeanalysisoftheproblemexaminingwhattheparticipantsinthesystemfeelisthe

problemwiththesystemandestablishingwhetheranybrightideasonthesystemcanbeborrowed
fromthemodeller’spreviousexperiencewithsimilarsystems

4. Buildingacomputersimulationmodelofthesystemattherootoftheproblemdrawingdetailed
influencediagram(s)usingcomputercodeandformulatingnecessarydifferenceequations

5. Testingthemodeltobecertainthatitreproducesthebehaviourobservedintherealworld
6. Devisingandtestinginthemodel,alternativepoliciesthatalleviatetheproblem
7. Implementingthesolutionrecommended

Figure 2. A model of a socio-technical system (Dwyer, 2011)



International Journal of System Dynamics Applications
Volume 9 • Issue 2 • April-June 2020

48

Theprocessissimilartothecasestudyprocessofananalytical(i.e.un-systemslike)approachto
probleminvestigation.However,thedetailsconceptualizationandquantificationofthevariablesare
acompleteparadigmshiftfromtheanalyticalapproach.Ifappliedtoanindustry,theSDmodelling
procedures are likely to capture more variables than those that have hitherto been captured in
econometricmodelling.SDmodellingofmobileactivityisthereforeexpectedtoaddsignificantly
totheinsightregressionmodellinghassofargivenregardingthemobileactivitycycles.

AnSDstudyneednotcoverallthesevenstageslistedabove.“Theproblemissometimessolved
atstage3[qualitativeanalysis],andthereisnoneedtogoontotheotherstages,”(Coyle,1996)except,
ofcourse,thelastonei.e.theimplementationofthesolutionrecommendedbythequalitativeanalysis.

Atthequalitativeanalysisstage,greatinsightmaygainbyacomparingthepatternoftheproblem
behaviourwithgenericpatternsofsimilarsystems,technicallyknownassystemarchetypes.From
Braun(2002)andSenge(1990),elevensystemarchetypesareexplainedasfollows:

1. Balancing Process with a Delay:Aperson,group,ororganizationactingtowardsagoaladjusts
theirbehaviorinresponsetodelayedfeedback.Iftheyarenotconsciousofthedelay,theyend
uptakingmorecorrectiveactionthanneeded,or(sometimes)justgivingupbecausetheycannot
seethatanyprogressisbeingmade.

2. Shifting the Burden: A problem symptom can be resolved either by using a symptomatic
solutionorapplyingafundamentalsolution.Onceasymptomaticsolutionisused,italleviates
theproblemsymptomandreducespressuretoimplementafundamentalsolution,asideeffect
thatunderminesfundamentalsolutions.

3. Eroding Goals:Agapbetweenagoalandanactualconditioncanberesolvedintwoways:by
takingcorrectiveactiontoachievethegoal,orbyloweringthegoal.Whenthereisagapbetween
agoalandacondition,thegoalisloweredtoclosethegap.Overtime,loweringthegoalwill
deteriorateperformance.

4. Escalation:Thisarchetypeoccurswhenoneparty’sactionsareperceivedbyanotherpartyto
beathreat,andthesecondpartyrespondsinasimilarmanner,furtherincreasingthethreat.The
twobalancingloopswillcreateareinforcingfigure-8effect,resultinginthreateningactionsby
bothpartiesthatgrowexponentiallyovertime.

5. Success to the Successful:Ifonepersonorgroup(A)isgivenmoreresourcesthananother
equallycapablegroup(B),Ahasahigherlikelihoodofsucceeding.A’sinitialsuccessjustifies
devotingmoreresourcestoA,furtherwideningtheperformancegapbetweenthetwogroups
overtime.

6. Tragedy of the Commons:Thisarchetypeidentifiesthecausalconnectionsbetweenindividual
actionsandthecollectiveresults(inaclosedsystem).Ifthetotalusageofacommonresource
becomestoogreatforthesystemtosupport,thecommonswillbecomeoverloadedordepleted
andeveryonewillexperiencediminishedbenefits.

7. Fixes that Fail:Aquick-fixsolutioncanhaveunintendedconsequences thatexacerbate the
problem.Theproblemsymptomwilldiminishforashortwhileandthenreturntoitsprevious
level,orbecomeevenworseovertime.

8. Limits to Growth:Areinforcingprocessofacceleratinggrowth(orexpansion)willencounter
abalancingprocessasthelimitofthatsystemisapproached.Continuingeffortswillproduce
diminishingreturnsasoneapproachesthelimits.

9. Growth and Under-Investment: This applieswhen growth approaches a limit that can be
overcome ifcapacity investmentsaremade. If a system is stretchedbeyond its limit, itwill
compensatebyloweringperformancestandards,whichreducestheperceivedneedforinvestment.
Italsoleadstolowerperformance,whichfurtherjustifiesunderinvestmentovertime.

10.Accidental Adversaries: When teams or parties in a working relationship misinterpret the
actionsofeachotherbecauseofmisunderstandings,unrealisticexpectationsorperformance
problems,suspicionandmistrusterodetherelationship.Ifmentalmodelsfuelingthedeteriorating
relationshiparenotchallenged,allpartiesmaylosethebenefitsoftheirsynergy.
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11.Attractiveness Principle:Theresult soughtbya firmandwhich is the targetofagrowing
actionmaybesubjecttomultipleslowingactions,eachofwhichrepresentanopportunityand
anopportunitycosttomanagers.Insightintotheinterdependenciesbetweentheslowingactions
isacriticalinsightintodecidinghowscarceresourcesshouldbeutilizedtoreduceorremove
theslowingactions.

The archetypes eroding goals, limits to growth goals and growth and under investment are
verycoretotheproblemofmobileoutputvariationsandgrowth.Thearchetypeexamplesinclude
occurrences that arenot alien tomobile firmsor industries, implying that some insight into the
behaviourofthemobileindustryasawhole(oritsparts)canbegainedfromexaminingtherelevant
systemarchetypes.

4. MoDeL DeSCRIPTIoN

4.1 Casual Loop and Stock Flow Diagrams for Mobile Phone Service
Inthissectionofresearch,wedevelopcasualloopdiagramsforthemobilephonepenetrationin
Kenya,takingthevariousstakeholdersandfactorsthatwillbeaffectedbyandaffectthesysteminto
considerationasoutlined.ThecausalloopdiagramforthemobilephoneindustryisshowninFigure3.
Togetanintegratedviewofthemodel,westartwiththemainvariable-numberofmobileuserswhich
representsthesubscribersofthebasictelecommunicationservices.Householdssubscribetotelecom
services.Anincreaseinthenumberofhouseholdsleadstoincreaseinthenumberofsubscribersand
depletesthepotentialsubscribers.Thisbi-directionalrelationshipformsaloopwithnegativepolarity
i.e.negativefeedbackloop.Anincreaseineconomicgrowthincreasestheincomelevelofthepeople
andhencethesubscriberbasefortelecommunicationservices.Asthenumberofsubscribersofa
telecommunicationservicesincreases,theamountofinformationtrafficandfrequencyofrequestfor
connectionestablishmentincrease.Thiscausescongestion,whichdeterioratesnetworkperformance.
However,iftheserviceprovidersynchronizestheinfrastructuralbuild-upi.e.settingupofswitches,
accessloopsandtrunks,withthepaceofbuildingupofsubscriberbase,congestionreduces.

Qualityof theaccessloopdecidesthetypeofservices;aserviceprovidercanprovidewhat
subscriberhassubscribedfor.Economically,theaccessloopcostisoneofthemajorcomponents
of total infrastructure cost of telecommunication services. Hence, as the quality of access loop
improves,thevarietyofservicesbeingprovidedincreasesaswellasthecostofservices.Increasein
costofprovidingserviceenhancesthepriceofsubscriptionoftheservice,whichinturnshowsits
negativeeffectonsubscriberlevelbasedontheirpriceelasticityofdemandforservices.Thepricefor
servicesgetsloweredwithincreaseinindustryexperience,serviceprovidersexperienceandeconomy
ofscale.Varietyofservicesisnotonlygovernedbythequalityofaccessloopbutbythethreatof
competitionalso.Ifthereisnoexpectedcompetitioninthemarketplace,thenmonopolistsdonot
feelmotivatedtoprovidehigherqualityserviceseventhoughtheaccessloopiscapableofsupporting
suchservices.Similarly,evenwithhighthreatofcompetition,theserviceprovidermaynotbeable
toprovidemultipleservicesimmediatelybecauseofthelowqualityoftheaccessloop.Similarly,
threatlevelofcompetitionandvarietyofservicesbothdictatethetimefordeploymentofservices.
Fromahigh-levelperspective,thecausalloopdiagramformobileindustryisdepictedinFigure3.

Techno-economicsimulationswereusedtoreplicatetheconditionsofthetelecommunications
technologyanditsenvironmentsothatgrowthoftheservicescouldbeinvestigatedandmonitored
byresearchers,plannersandmanagers.Technicalparameterssuchasnetworkbandwidth,quality
ofserviceandeconomicparameterssuchassales,subscriberforecastsandrevenueprojectionwere
simulatedusingtechno-economicmodels.

The techno-economicmodelencapsulated technical,economic, social,political,competition
andinfrastructuralaspects,whichwererelevantinprovidingservice.(Song,2001)highlightedthe



International Journal of System Dynamics Applications
Volume 9 • Issue 2 • April-June 2020

50

supplysidecostparametersoftelecomserviceprovisioningsuchasfacilityinvestment,area/non-area
specificinvestmentandqualityrelatedinvestmentsetc.(Chatterjee,1998)stressedthatthedemandfor
servicesvariedbaseduponcertainsocio-economic(householdincome,profession)anddemographic
factors(educationallevel,age,familysize,populationdensity,location).Othereconomicforcesthat
couldinfluencethedemandarethepriceofservice(Cocchi,1992),qualityofservice(Dutta,2001)
andcompetition(Sice,2000).

AsystemdynamicsmodeloftheexistingstructureofmobileserviceprovisionprocessofKenya
wasconceptualizedintermsofvariousvariablesofasystemdynamicsmodelasshowninfigure4and
alsoastockandflowdiagramwithequationsisshowninfigure5.Themodelvariablescomprise:4
levels,6auxiliaries,4constantsand5rates.Technicalmeaningsofthesevariablesinsystemdynamics
areexplained.Thevariablesaredefinedandtheirrelationshipsexplained.Thebuild-upofthesystem
dynamicsmodelisdescribed.Thiscanbeexpoundedasfollowsinastocksandflowdiagram

4.2 Causal Loop Diagram (CLD) for ICT Technology Interaction
Inoursubmodeltherearethreemainpositivefeedbackloopsdrivingthediffusionoftechnology
(Figure6).Ontheknowledgebasesideinvestmentinthetechnologystart-upsincreasesthespecialized
businessneedsandlowersthecostofthetechnologythroughmechanismssuchaseconomiesofscale
inproductionandlearningbydoing.

Ontheentrepreneur’ssidegrowthintheadoptionoftechnologybygovernmentwillreducethe
uncertaintyofitsmeritsandgeneratebenefitsforusersbyloweringtheirhesitationinadoptingthe
newtechnology.Moreover,astechnologyisbeingmoreadoptedbytheusers,theygainexperience
inusing the technologyand thiseventuallyresults indecreasing theuncertaintiesabout thenew
technology.Hence, technologyprovidesuserswithagreatervalueand,consequently,encourage
moreuserstoadoptthetechnology.Thus,asthetechnologydiffusesintothemarket,users’attitude
infavourofthetechnologywillincreaseanditgainslegitimacy

Figure 3: Causal loop diagram for the mobile phone service
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Figure 4. Mobile phone service; stock & Flow diagram for the mobile phone service

Figure 5. Mobile phone service Stock & Flow diagram with equations
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Asthetechnologydiffusetheventurecapitalistincreaseinsizeaswellaspoliticalstrengthand
mayinfluencetheregulatoryframeworkinfavourofthetechnology.Asmoreadoptiontakesplace,
moreinstitutionaladaptationwilloccur.

Whenatechnologydiffusesintothemarket,thereareseveralpositivefeedbackmechanisms
thatcontributetoitsgrowth.Theloopindicatedas“telecom,venturecapitalandtechnologystart-
up”showsthatwhentheventurecapitalincreases,therepetitionoftechnologystart-ups,whichis
measuredascumulativeproduction,willincreaseandimprovethetelecomusagemethods.

ICTreadiness(infrastructureandaccess)isincreasedbyrepeatingthetelecomuseprocessor
astheaccumulatedproductionofthetechnologyincreases.Additionally,newimprovedprocesses
willbeadoptedanditchangestheaccessmethods.HencemoreICTreadinessleadstomoreICTuse
andmoreICTimpact.Thus,eventuallyrequiringbetterICTcapacityorskillattractingmoreusers
toadoptthetechnology.

4.3 Causal Loop Diagram for Society and economy
4.3.1 Debt Accumulation
Thedebtaccumulationprocessisembodiedinthefeedbackloops(debtaccumulationloop,repayment
loop,andinterestloop)asshowninfigure7.Publicdebtincreasesthroughborrowingandinterest
accrual.Asdebtincreases,debtservicingconsistingofrepaymentofprincipalandinterestpayments,
riseswhichconsequentlyincreasesgovernmentexpenditure.Asgovernmentexpenditurebuildup
withoutcorrespondingincreaseinrevenue,budgetdeficitincreaseswhichcreatetheneedformore
borrowingthenextyear-round.Thecounteractingloop(repaymentloop)and(interestloop)strives
tocounteractthegrowthofpublicdebt.Thus,aspublicdebtincreases,repaymentofprincipaland
interestpaymentsincreaseswhichthenreducesthestockofpublicdebtoutstanding.

Figure 6. The Causal Loop Diagram for the Kenyan technology sectors interaction
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4.3.2 Poverty Trap Mechanism
Thepovertytrapmechanismisrepresentedbytheinteractionofthesavingstrapanddemographic
trap.Theconceptualframeworkofthesavingstrapsistheacceleratorprinciplewhichpositsthat
investmentisafunctionofrateofchangeofincome.Thecausalstructureofthesavingstrapsand
demographictrapsaredescribedasfollows:

4.3.3 Savings Trap
Theconceptualframeworkofthesavingstrapsistheacceleratorprinciplewhichpositsthatinvestment
isafunctionofrateofchangeofincome.Inpoorcountries,savingsratecanbebecomeverylowor
evennegativewhenincomeislow,becauseimpoverishedhouseholdsusealloftheirincomeinthe
struggletojuststayalive(Sachsetal.,2004).Oncebasicneeds,i.e.personalhealth,foodintakeand
shelteraremet;poorhouseholdsmaysavesomeoftheexcessincome(Sachs,2002).Thecausalloop
(savingstrap)demonstratesthatlowincomeperworkercauseslowsavingswhichthendecreases
investmentandcapitalaccumulation.Consequently,outputperworkerisexpectedtodecreasedueto
lowcapitalaccumulationcoupledwithhighpopulationgrowth.Asoutputperworkerdecreasesover
time,incomeperworkerdecreasesaswell,whichcauseslowsavingsthenextyear-round.

4.3.4 Demographic Trap
Thedemographictrapshowshowhighpopulationgrowth,withlowcapitalcanpushacountryinto
thepovertytrap.Basedontheassumptionthatpoorcountriesarecharacterizedbylowincome,it
isproventhathighfertilityratesintheworldareobservedamongtheworld’spoorestpeople.With
lowincomeperworker,itisexpectedthatfertilityratewillincreasecausingbirthratetorise.As
birthincreases,populationincreases.Populationgrowthcausesnewentrantstothelabormarketto
increase,whichconsequently,increasesemployment,resultinginthedeclineofcapital-laborratio.In

Figure 7. Causal loop diagram for society and the economy
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theabsenceoftechnologicalimprovement,whichisexpectedtobethecaseinpoorcountries,output
perworkerwilldecline.Asaresult,incomeperworkerwilldecreasecausingpopulationtogrow.
Itisimportanttonotethatasthedemographictraploopbecomesstrongerovertime,itstrengthens
thesavingstrapwhichthenreducesinvestmentandcapitalaccumulationfurther.Thestrengthof
thedemographictrapcanonlybecounteractedbythedeathsloop,whendeathsurpassesbirthto
slowthegrowthofthepopulation.TheSFDsrepresentingthesocietyandeconomyinteractionsare
showninfigure8and9

4.4 The equations for the Society and economy Sub-Model
4.4.1 Population
Thepopulation sectormodel’s totalpopulation ina simplisticway.Thegrowthofpopulation is
determinedbytherelationbetweenbirthsratesanddeathsrates(Meadows,Randerset al.1972;
Szirmai2005).Here,“birthsrate”and“deathsrate”aremeasuredinpeopleperyear.Theyrepresent
thetotalrateatwhichpopulationisbeingincreasedanddecreased.Thepopulationisrepresented
inthemodelas:

p p dt br dt dr
t t t t
= +( ) −( )−( ) −( ) −( )1 1 1

 (1)

Hereptisthecurrentpopulation,p(t-1) isthepreviousyearpopulation,br(t-1)isthebirthsrateand
dr(t-1)isthedeathsrate.

Birthsrateisdeterminedbybirthsratenormalbrn,effectofpercapitaincomeonbirths(f (in))
andpreviousyearpopulationp(t-1).Thebirthsrateiscalled“normal”ratebecausetheycorrespondtoa
standardsetofconditionsattheinitialmodelsetting.However,itisexpectedthatincomechangewill

Figure 8. Stock and flow diagram for society and the economy
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causebirthsratetoriseorfallfromtheirnormalvalues.Weassumedgenerallyanegativerelationship
betweenpercapitaincomeandbirthsrate.Theequationrepresentingbirthsis:

br brn f in p
t t t
= ( )





−( ) −( )* *

1 1
 (2)

Deathsrateisafunctionofdeathsratenormal(drnt)andpopulation.Theequationrepresenting
deathsrateis:

dr drn p
t t t
=

−( )*
1

 (3)

Thelaborforceinthepopulationmoduleisafunctionofpopulationandworkingagepopulation
fraction.Weassumethatlaborforceequalsemployment.Theequationrepresentinglaborforceis:

l w p
t f t
=

−( ) −( )1 1
*  (4)

4.4.2 Production
TheproductionsectoremploysCobb-Douglasproductionfunctiontorepresentoutput.Outputdepends
onfactorsofproduction(capital2andlaborforce)andproductivity.TheCobb-Douglasproduction
functionisrepresentedas:

Figure 9. Stock and flow diagram for society and the economy with equations
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y k dt l a
t t t t
= ( )−( ) −( )

−( )
−( )1 1

1

1

α α
* *  (5)

Here,ytistheproduction,k (t-1)isthepreviousyearcapital,α isthecapitalelasticity,l (t-1)isthe
previousyearlaborforceanda (t-1)isthepreviousyearproductivity.

Intheproductionmodule,capitalaccumulatesthroughcapitalacquisitionandcapitaldepreciation.
Capital acquisition depends on investment. Investment consists of domestic private investment,
publicinvestmentandforeigndirectinvestment.Capitaldepreciationisbasedonperpetualinventory
estimationwithacommongeometricdepreciationrateof4%isassumedwhichgivesanaveragelife
ofcapitalof25years.Thecapitalaccumulationequationisrepresentedas:

k k d dt ck
t t k t
= −( )+( )−( )1 1  (6)

Here,kt iscurrentcapitalk (t-1) is thepreviousyearcapital,dk, isannualdepreciationrateof
capitalandcktiscapitalacquisition.

Inthesubmodel,publicinvestmentisdeterminedbygovernmentdecisiononpublicexpenditure
pattern,i.e.thedecisiontoeitherinvestorconsume.Foreigndirectinvestmentisanexogenousvariable
fromhistoricaldatawhich is an indicationof theattractivenessof the local economy to foreign
investors.However,savingsisdeterminedinthemodelbasedontheassumptionthat:Households
requirealevelofminimumrealconsumptionctomeetbasicneedsofpersonalhealth,foodintake
andshelter.Whenincomenisabovec,thehouseholdsavesaconstantfraction(f)oftheexcess(n-
c).Whenincomeisbelowc,householdsavingsiszero,ashouseholdconsumesasmuchincome
aspossibleinordertocomeascloseaspossibletomeetingbasicneeds(Sachs,2002;Sachsetal.,
2004).Thus,savingssisrepresentedas:

s
if n c

n c if n c
=

<

∅ −( ) ≥








0
 (7)

4.4.3 Public Debt
Thepublicdebtmodeldemonstratestransparentlythemechanismsthatgeneratepublicdebt.We
assume that government finances its budget deficit by borrowing and depict it as a result of a
governmentbudgetconstraint:

pd i d
d

m
bd gb

t t t

t

t t
+ + = =

−( )
−( )

1

1
 (8)

Wherepdtisprimarydeficit,itistheinterestrate,d (t-1)isthepublicdebtofthepreviousyear,m
isthedebtmaturity,bdtisthebudgetdeficit,gbtistheborrowing.

Weexpressthestockoftotalpublicdebtdtfromthegovernmentbudgetconstraintequationand
thepublicdebtmodelasfollows:

d d dt gb dt
d

mt t t

t
= +( ) −( )































−( )
−( )

1

1
++ +( ) −( )−( )[ai dt ia dt is

t t t1
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Hereai(t-1)isaccruedinterestofthepreviousyear,(dt)iatistheinterestaccrual,and(dt)istis
interestelimination.

Thepublicdebtmodeladoptedthe‘co-flowstructure’(Sterman,2000)toaccountfor‘accrued
interest’.Asgovernmentborrows,itattractsaninterestobligation,whichisreferredtoas‘interest
accrual’.The‘interestaccrual’isstoredintoastockof‘accruedinterest’.‘Accruedinterest’represent
thetotalinteresttobeservicedperyear.Ontheotherhand,whenrepaymentondebtismade,it
decreases‘accruedinterest’through‘interestelimination’.Insum,theco-flowstructurehelpsusto
keeptrackof‘accruedinterest’asanattributeofpublicdebt.

5. SIMULATIoN ReSULTS AND ANALySIS

Problemsthatcannotbesolvedanalyticallygiventhecomplexitiesandnon-linearityfindanswersin
simulation.Ithelpsuncoverandexplaincomplexrelationshipsbetweencontrolpoliciesandbusiness
processes(Zhang,2004).Itcriticalfororganizationsandtheirprocessestohavetheabilities,bothat
designandoperationleveltoberesponsivetodifferentconfigurationstobetestedagainstdifferent
realizationsoffuturescenarios.

Theintegratedmodelframeworkanditstestpresentedinthisparthasproventobesuitabletobe
extendedfordistributedsimulationandthussupportinglarge-scale,complexanalysisanddesignof
integrativeinnovationmodel.Inaddition,asmostoftheinformationhasbeentakenfromtheprevailing
scenarioofthemobileindustrysectortosimulatethemodelbehavior,itlendsextracredibilityand
confidenceinmakingfutureprojections.Inthepresentsection,wediscussthesimulationresults
performedonthebasemodeltogetherwithsomescenarioprojections.Thebasenumericalsimulation
hasbeenperformedwithparametersthathavebeenset-upfortheperiod2005-2030.Inthefollowing
paragraphs,wedescribetheflowofthesimulation.

5.1 Technology Sector Dynamics
InthemobileadoptersSector(Figure10),achainofinteractionsbetweenPopulationandthelinking
sectorshasbeensimulatedandonecanobservehow the feedforward-feedbackpulsespropagate
smoothly through the chosen time-path creating asynchronized pattern of behavior as shown in
SimulationGraphinfigure11.

Fromthesubscriberperspective,thenumberofpotentialmobilesubscribersisprojectedtomove
towardsstagnationstartingfromyear2020onwards,showingasubstantialdeclineintheaggregate
numberofpotentialsubscribers,Bytheyear2020,themobilesubscribersinKenyaisprojectedto
reachupto40millionuserscoveringapprox.87%oftotalKenyanpopulation.Inthenextfive-year
periodi.e.2020-2025,though,anextra5millionnewcustomersareprojectedtojoinin,remarkably
reducedcomparedtomorethan10millionnewsubscribersaddingupeveryyearduringtheperiod
Year2015-2020.However,theabsolutenumberofpotentialsubscriberswillkeeponmoving,albeit
ataveryslowrate,onaccountofincreasingpopulation(marketpotentialprojectedtogrowatCAGR
1.8).Inclusionofincrementalpopulationtrendofacountryanditsensuingeffectoverthenumberof
subscribersisaremarkablecreativedepartureofourmodelfromotherdevelopedmobileortelecom
models.ItisimportanttonotethatwhenweusetheestimatedGAGRvalueofuser’sgrowthinKenya
(i.e.CAGR20%)estimatedbyCAKandtheotheragencies,inplaceofhistoricalcoefficientvalues,
wearriveatapproximatesimilarestimate(i.e.40millionsubscribersby2030).

Inthismodule,onecanalsonoticepositivefeedbackloopsbetweenPotentialnumberofmobile
users,mobileusers,andsalesrate.However,asonemovesalongthemobileuserspath,therespective
stockvaluesofpotentialmobileusersdiminishasshowninfigure11indicatinganegativefeedback
loopatwork.
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5.2 Social Sector Dynamics
Movingtothesocialsector(Figure12),wefindtheproportionateincrementinthemobilemarket
shareholdingrespectivelyadifferentialbutsteepinggrowthcurveofmobilemarketshareinitially
beforeflatteningoutduetostagnationinmobileuser’svolume.Italsocreatesanegativefeedback
impactoverthequalityofserviceswhichhasanexponentialgrowthslopeasitrepresentsaccumulated
numberofsubscribersoveraperiodoftime.Thishasalsooccurredduetoapositivecausaleffectof
marketfeedbacktothetotalnumberofmobileusersatagivenpointoftime.

Thismarketdynamicshasalsobeencollaboratedwithcumulativelyincreasingmarketshareof
leadingmobileoperatorinKenyahavingapositiveeffectoncostofserviceandequipment.Thisis
showninFigure13,Graphofsocialsector.

6. CoNCLUSIoN

Therearemanyacademicsthatwillarguethattechnologyis(atpresent)themostimportantforce
drivingsocialchange.Thisdoesnotmeanthatsocial,cultural,political,andeconomicfactorsdonot
shapetechnology.Itisnotthattechnologyshapesitself,buttechnologiescomplementeachother,or
dependupononeanother,especiallywhenwearedealingwithgeneralpurposetechnologies(GPTs),
whicharehighlypervasiveofthewholeeconomyandsociety.

Itiseasytofallinto‘quasi’technologicaldeterministstand-pointswhenlookingatmajorchanges
experiencedbyasocietyoragroupofcountriesduringlongperiodsoftime.Thesetypesofstudies
provideabigpicture,aneconomichistoricalperspective,overlookingthe‘people’behindthecreation
of specific technologies. In these cases, it is common to encounter terms such as technological
trajectories,techno-economicparadigms,technologicalregimes,andtechnologysystems,whichgive
theerroneousideaofbeingtechnologicaldeterminist.Whattheymeanisthattechnologiesbuildone
upontheother,theyform‘clusters’oftechnologies,andeachregimeorparadigmcharacterizean

Figure 10. Mobile adopters sector; stock and flow diagram
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economicera,andisdominatedbyoneormoreGPTsorenablingtechnologies.Thereplacementof
anallpervasiveGPTalterstheparadigm.Theseanalyses,basedoneconomicandhistoricalaccounts,
aremuchbetteratexplaininghowtechnologiesdevelopandproducechangesinsocieties,andas
such,theyaremoreadequateandrobusttheoriesoftechnology.

Thisresearchhasattemptedtoproposeamodellingapproachfortheinvestigationofmobile
phoneusageor telecommunicationsservicesand its impactonsociety inKenya.Thedeveloped
modelsincorporatedtheintegrativemodularframeworkofgeneratingcausaldynamicsprevalentin
thetelecomsectoralsosuccessfullyacquiresthecapabilityofshort-mid-long-termforecasting.It
discardsthenotionthatholisticmodellingbringsinto‘coarseness’inthemodellingandtherefore
cannotbeappliedforfutureprojections.Itprovesthat if thecausalityofmodelvariablescanbe
foundeduponarobustmodelwiththesupportofconceptualandquantitativeinformation,onecan
succeedtocapturethedynamicsofanysysteminacomprehensiveway.

Ascanbeseenhere,themodellingwasprimarilyfirstdonebasedontheconceptualinsightdrawn
throughanextensiveliteraturesurveyandthereafteritwasputtofurtherrefinement,customization
andvalidationtakingacasestudyofKenyantelecommarket.Thenoveltyofthiskindofmodelling
approachisthat,thegenericframeworkusedheresuitstoadapttoanysocioeconomicsituationand
beabletoincorporate,substituteormodifyanynumberofsystemvariablesorvalues.

Observationsmadeinthisstudyhavethreemajorimplicationsfortheoryinmobileservices
provisionandthesociety,andfortheoryingovernance.Theobservationthatthereisneedforregulation
ofresponseofthemobileindustrytochangesinmobileservicesprovisiondemandimpliesthatthe
industryasawholeneedtobemanagedthewayabusinesscorporationismanaged.Generally,a
mobileindustryisnotviewedasa‘managedsystem’thewayacorporationisviewed;theindustryis
thereforemanagedcollectivelyandsimultaneouslybyalltheplayersiniti.e.thesociety.Thisleadsto
theprisoner’sdilemma,wherebybrightindividualstrategiesresultincollectivefolly.Efficientmobile
servicesprovisionmanagementatproject(andfirmlevel)shouldbesupportedbyefficientmobile

Figure 11. Graph of mobile adopters sector
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servicesprovisionmanagementatindustrylevel,inordertoincreasetheorganizationalefficiency
ofthemobileindustryasawhole.

ICThasacriticalroleindrivingtheeconomic,socialandpoliticaldevelopmentofKenyaas
espousedinVision2030.HowthecountryhassteeredICTdevelopmentoverthepastfourorsoyears
to2017andbeyondwillgreatlyimpactontheachievementofthecountry’sVision2030.Thereisa
needtoaligntheNationalICTMasterPlantothedevolutionrealityandaddresskeychallengesthat
mayhindertheICTsectorfromplayingitsrightfulroleinnationaldevelopment.

Kenyaproduced its firstNational ICTPolicy in2006. Itsvision isaprosperous ICT-driven
Kenyansociety,whileitsmissionistoimprovethelivelihoodsofKenyansbyensuringtheavailability
ofaccessible,efficient,reliableandaffordableICTservices.Thispolicywasguidedbytheneedfor
infrastructuredevelopment,humanresourcedevelopment,stakeholderparticipationandappropriate
policyandregulatoryframework.ItfocusesonIT,broadcasting,telecommunications,postalservices,
radio frequency spectrum,universal access and institutional framework for implementation.The

Figure 12. Social sector; stock and flow diagram



International Journal of System Dynamics Applications
Volume 9 • Issue 2 • April-June 2020

61

countryhasnotupdatedthispolicyforclosetoeightyears,aperiodwhentheworldhaswitnessed
varioustechnologicaldevelopmentsandmanychangeshavetakenplaceintheICTsectorinKenya.
ThepolicythereforeneedstobeupdatedtotakeintoaccountthechangesincludingVision2030;
theConstitution;newsectoralstrategies;andotherrealitiesthathaveemergedsince2006.TheICT
StateDepartmentdevelopedadraftICTpolicywhichneedstogothroughthevariousstagesofpolicy
developmentandfinalisedassoonaspossible.

TheInformationandCommunicationsTechnology(ICT)SectorPolicyGuidelines(September
2014)asreviewed,providedaclearandcompellingroadmapthatwoulddrivesocial,economic,
culturalandpoliticaltransformationthroughtheeffectiveuseofInformationandCommunications
Technology(ICT)intheyearsahead.ThePolicycomplementsandbuildsuponVision2030and
providesmanyofthekeystrategiesessentialforachievingKenya’snationaldevelopmenttargetsin
theyearsahead.

Figure 13. Graph of social sector
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