
DOI: 10.4018/JGIM.2019070106

Journal of Global Information Management
Volume 27 • Issue 3 • July-September 2019


Copyright©2019,IGIGlobal.CopyingordistributinginprintorelectronicformswithoutwrittenpermissionofIGIGlobalisprohibited.



101

Are ICTs Really That Important in 
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ABSTRACT

A decision tree is used to investigate how information and communication technologies (ICTs)
andfinancialfactorsinfluencetheperformanceofserviceandmanufacturingindustriesglobally.
Industryperformance ismeasuredbyaverage fixedassetpurchasesamong firmsat the industry
level.Inaddition,industrysectorsandgeographicregionsareincludedinthepredictivemodel.The
resultsshowthatfinancialfactorsarebetterpredictorsofperformancethanICTfactors.Forexample,
accesstobankloansorlinesofcreditisbyfarthebestpredictoramongthevariablesincludedinthe
study.HavingawebsiteistheonlyICTfactoramongthetopfivepredictors.Geographyalsoplays
animportantroleinpredictingindustryperformance.
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1. INTRoDUCTIoN

Industries in developed and developing countries can be dichotomized into two primary
categories,manufacturingandservice.Mosteconomiesoftenstartoutasindustrialeconomies
basedonmanufacturing, then transition topost-industrial economies, referred to as service-
basedeconomies (Doll&Vonderembse,1991).Economies, suchas theCaribbean, that lack
naturalresourcesareoftenservice-based.Itsbestresourcesareitspeopleandclimateusedto
developatourist-basedserviceeconomy.Regardlessofwhetheraneconomyismanufacturing-
or service-based, there is a common denominator; the role information and communication
technologies(ICTs)playinsupportingtheeconomy.ICTsaretheinformationtechnology(IT)
infrastructurecomponentssuchascomputers,software,telephone,data/informationnetworks,
databases,applications,andotherITrelatedtechnologiesthatsupportcompanyoperationsto
satisfycustomerdemandsforgoodsandservices.Irrespectiveof thetypeof industryandits
stageofdevelopment,ICTsplayanimportantroleinenablingindustryperformanceandhave
beenreferredtoasinformationsystems(IS)orIT(Schryen,2013).

ICTs are catalysts of growth in developed and developing countries (Crowston & Myers,
2004)andsupportserviceeconomiesbuiltonecommerce.Thisisparticularlytrueintheabsence
ofbrickandmortarfacilities,suchashotelandtravelreservations,onlineshopping,banking,and
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entertainment.ICTsenablegrowthanddevelopment,andhelptocreateandmaintaincompetitive
advantagesforcompanies,countries,andregions(Koivunen,Hatonen,&Valimaki,2008).Theyplay
aprominentroleinmanufacturingoperationsthatrelyoncomputersupport,suchascomputer-aided
designandmanufacturing,databases,computercontrolsandmonitoring,andbillofmaterialsand
logistics.Flexiblemanufacturingutilizesintelligentmachinesandrobots,whichfallunderthebroad
definitionofICTs.TheimpactofICTsonperformanceisquestionable(Piget&Kossaï,2013;Sein
&Harindranath,2004)despitepositiveevidenceof their impactoneconomicgrowth,andother
performanceindicators(Bloom,Guzzo,Harding,Milligan,&Zahidi,2013).

ICTresearchhasfueleddebateonthefactorsthatdriveperformance.AnICTmeta-analysis
indicates that ICT impact findings are partially explained (Schryen, 2013). Researchers are left
to figure out which factors influence performance and which do not. There is evidence on the
positiveimpactofICTs(Schryen,2013),buttherelationshipofICTperformanceattheindustry
levelisunclear(Devaraj&Kohli,2000).OnereasonisthelackofindustryICTresearchposited
byCrowstonandMyers(2004),whochallengetheISresearchcommunitytodomore.Inaddition,
bank-lendingpoliciesaffectcompanyandcountryperformance(Obamuyi,Edun,&Kayode,2012).
InNigeriaforexample,bank-lendingratessignificantlyaffectmanufacturingoutput,butarelationship
betweenmanufacturingoutputandeconomicgrowthcannotbeestablished(Obamuyietal.,2012).
Lendingpoliciesencompassmorethanbank-lendingrates,suchasfinancialfactorsthatmayenable
performance.Researchersareleftwithlittleguidanceonhowtoidentifypotentialfinancialfactors
thatinfluenceglobalindustryperformance.

ThelackofconvincingevidenceontheimpactofICTsoncompanyperformance,thelackof
industryICTresearch,andthepotentialoffinancialfactorsonindustryperformancemotivatesthis
investigation.Specifically,weinvestigatetherelationshipbetweenICTs,financialfactors,andfixed
assetpurchasesinbothmanufacturing-andservice-basedindustries.Thisisexploratoryresearch
thatendeavorstoidentifyindividualfactorsworthyoffutureresearch,thusenrichingthecurrent
literature.OurresearchobjectiveinvestigateswhichICTandfinancialfactorsinfluencethepurchase
offixedassetsin47serviceandmanufacturingindustriesin11geographicregionsofCentral,and
SouthAmerica,Africa,SoutheastAsia,SouthAsia,CentralAsia,WestAsia,EastAsia,Caribbean,
Eastern, and Western Europe, from 2006 to 2015. The paper is organized as follows. Section 2
discusseshowICTsinfluenceindustryperformance,Section3theresearchmethod,Section4the
results,Section5adiscussionofresults,andthepaperconcludesinSection6withadiscussionon
thehypothesisvectors.

2. ICTS AND PeRFoRMANCe

Debate on the impact of ICTs on company performance, country growth and development, and
globalizationisongoing(Akpan,2003;Cecchini&Scott,2003;Molla,2000;OECD,2008;Piget&
Kossaï,2013).ICTbenefitsincludecostreductions,increasedflexibility,inventoryreduction,reduced
cycletime,improvedproductquality,increasedefficiency,capacityutilization,reducedtransaction
costs,countrybenefits,increasedproductivity,reduceddigitaldivide,andeconomicgrowth.There
areresearchgapsstemmingfrominconsistent industryresultsontheimpactofICTs(Devaraj&
Kohli,2000),andthelackofindustryICTresearch(CrowstonandMyers,2004).

Performanceoccursatvariouslevelsandismeasuredinseveralways(March&Sutton,1997).
Performancemeasuresincludeprofit(Botello&PedrazaAvella,2014),turnoverandprofitability
(Koellinger,2006)whichareaffectedbyfixedassetsinvestment(Eriotis,Frangouli,&Ventoura-
Neokosmides,2011),salesrevenuegrowth(Yeo&Grant,2017b),marketshare,capacityutilization
(Yeo&Grant,2017a),productivity,growth,debtratios,andshareprice(March&Sutton,1997),
employment growth (Baldwin, Raffiquzzaman, & Statistics Canada, 1995), employee wages
(Audretsch,vanLeeuwen,Menkveld,&Thurik,2001),formsofcapital(Hsieh,Rai,&Keil,2011),
andothers(Lind,Sepúlveda,&Nuñez,2000).Additionalperformancemeasuresincludefinancial,
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non-financialoreconomic,social,microandmacro.Financialperformanceencompassessalesgrowth,
revenue,andmarketshare,whilesocialperformanceincludescorporatesocialresponsibility,social
good,corporatesocialresponsiveness,andcorporatecitizenship(Wood,2010).

2.1. Impact From ICTs on Industry Performance
Themicroviewof performance focuseson individual companyperformance, viewed as a form
of technology investment or utilization (Bankole, Osei-Bryson, & Brown, 2015). Early studies
demonstratealackofICTperformanceimpact(Jorgenson&Stiroh,1995)andBrynjolfssonand
Yang(1997)findnorelationshipsbetweenICTsandU.S.firmperformance.However,ICTshavea
positiveimpactonproductivityinsomedevelopedcountries(Jorgenson&Stiroh,2000),yetanearlier
studyfoundnorelationship(Jorgenson&Stiroh,1995).Somestudiesfindnoimpactoneconomic
growth(Jacobson,2003)butLeeetal.(2005)findsignificantICTimpactoneconomicgrowthin
developedandnewlyindustrializedcountries.ThereisevidenceforandagainsttheimpactofICTs
onperformance.RecentstudiesindicateICTshaveapositiveimpactoncompanyperformanceand
productivity(N.Bloometal.,2010),butearlierstudiesdisagree(Kohli&Devaraj,2003).Because
ourdata(2006to2015)arerelativelyrecent,weproposethefollowinghypothesisvector:

HYPOTHESIS VECTOR 1 (H1):ICTshaveapositiveeffectonglobalindustryperformance.

2.2. Industry Characteristics and the Impact of ICTs
Industry characteristics include industry type (manufacturing and service) and geography. The
impactofICTsperformancevarieswithgeography(Lee,Gholami,&Tong,2005;Piget&Kossaï,
2013;Torero&VonBraun,2006;Yeo&Grant,2017b).ICTshavehigherproductivityimpactin
theU.S.,andlargeimpactvariationsexistinEurope(Matteucci,O’Mahony,Robinson,&Zwick,
2005).HigherU.S.productivityisattributedtoearlytechnologyadoption,institutionaldifferences
(Matteuccietal.,2005),andcountryinfrastructure(Bollou,2006).ICTperformancevariationsstem
fromITinfrastructureandinstitutionalqualitywhichaffecttradeinAfrica(Bankoleetal.,2015),
improvesperformanceinWestAfrica(Bollou,2006),positively impactGrossDomesticProduct
(GDP)inAsianandOECDcountries,andnegativelyimpactsub-SaharanAfrica(Guitat&Drine,
2007).ICTcontributiontoGDPinOECDcountries,ishigherthanindevelopingcountries(World
Bank,2016)andYeoandGrant(2017b)findperformancedifferencesamongindustriesinEastAsia,
EasternandWesternEurope,SouthEastAsia,SouthAsia,CentralAmerica,andAfrica.Theimpact
ofICTsalsodependsoncontextualfactorssuchaseducation,income,wealth,digitaldivide,and
finance(Schryen,2013),whicharerelatedtogeographicaldifferences.

Theon-goingdebateonwhetherserviceandmanufacturinginnovationcanbeanalyzedinsimilar
ways(Gago&Rubalcaba,2007)andthedifficultyinmeasuringthedifferenceinserviceinnovation
versusgoodsinnovation(Gago&Rubalcaba,2007),arereasonstoconsiderindustrytypeinthis
research.Servicemeasures,suchasimprovedservicequality(Zeithaml,Bitner,&Gremler,2006),
cross-functionalcommunicationandbusinessstrategies(Antioco,2006),andcustomerrelationships
(ChristianKowalkowski,DanielKindström,&HeikoGebauer,2013)areintangiblebenefitsthat
resultintangiblecostreductionsandimprovedrevenue,particularlyinindustrializedcountrieswhere
servicesdriveeconomicgrowth(Hempell,Leeuwen,&Wiel,2004).ChouandShao(2014)studied
ICTproductivityofserviceindustriesin25OECDcountriesandfoundhigherproductivitygrowth
thaninothercountries.EventhoughICTsenablenewservices(Bottini&Tajoli,2010),theirimpact
onserviceindustriesislessstudied(ChristianKowalkowskietal.,2013),comparedtomanufacturing
(Hempelletal.,2004).U.S.laborproductivitygrowthbetween1995and2001amongICT-using
serviceindustriesisfasterthanICT-usingmanufacturingindustries.Duringthesameperiod,there
wasnodifferencebetweenICT-usingserviceandmanufacturingindustriesinEurope,asaresultof
strongerfinancialinstitutionsintheU.S.(Inklaar,O’Mahony,Robinson,&Timmer,2003).Theeffect
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ofgeography,theneedtobetterunderstandindustrytypedifferences,andthelackofICTimpact
studiesonserviceindustries,leadtothefollowinghypothesisvector:

HYPOTHESIS VECTOR 2 (H2): Industrycharacteristicssuchasgeographyandindustrytype
(manufacturingorservice),affectglobalindustryperformance.

2.3. The Financial Context
ICTsmustbeinterpretedwithintheircontexts(Pacey,1983)andvalueisderivedfromsuccessful
leverage(Taylor,1996).Variationsof ICTperformancecanbeaccountedforbyconsidering the
financialcontexttobetterunderstandtheimpactofICTsonindustryperformance.Thereisevidence
thataviablefinancialenvironment(i.e.financialcontext)favorabletocompanies,enablethemto
exploitICTuseandincreaseperformance.Astrongandviablefinancialindustryenableseconomic
growth(King&Levine,1993)andimprovesperformance(Beck,Demirguc-Kunt,&Maksimoic,2005;
Yeo&Grant,2017b)bysupportingtechnologicalinnovation(Goldsmith,1969;McKinnonRonald,
1973;Schumpeter,1912).Theimportanceoffinancialfactorshasbeendemonstrated(Asamoah,
2011;Libanio&Moro,2006a;Park,Kim,&Kim,2017;Yeo&Grant,2017b).Banklendingpolicies
improvebusinessperformanceindevelopedanddevelopingcountries(Obamuyi,Edun,&Kayode,
2012),suchasLatinAmerica(Libanio&Moro,2006a),andGhana(Asamoah,2011).Financial
factorsarestrongpredictorsofindustryperformance(Yeo&Grant,2017b).Parketal.(2017)studied
ICTservicesinKoreaandfoundthattheabilityofcompaniestoinvestinfacilitiesisanimportant
barometerofsuccess.Thisemphasizestheimportanceofthefinancialcontexttocompanies.Bank-
lendingpoliciesandexternalfundingaffectcompany,industry,andcountryperformance(seeBeck
etal.,2005;Gerschenkron,1962;Obamuyietal.,2012).YeoandGrant(2017b)findthatfinancial
factorslikebanklendingpoliciesdrivemanufacturingindustryperformance.Basedonevidencethat
financialfactorsandbanklendingpolicieshaveafavorableeffectonvariousperformancemeasures,
weadvancethefollowinghypothesisvector:

HYPOTHESIS VECTOR 3 (H3): Financial factors have a positive effect on global
industryperformance.

3. ReSeARCH MeTHoD

3.1. Data
ThedatausedinthisanalysiscomefromtheWorldBank’sWorldEnterpriseSurvey(TheWorldBank,
2015).Thesurveyisarepresentativesampleofprivatecompaniesfrom11regions,buttheU.S.and
Canadaarenotincluded.Thevariablesarecategorizedinto12topics:corruption,crime,finance,
firmcharacteristics, gender, informality, infrastructure, innovation and technology, performance,
regulationandtaxes,trade,andworkforce.Someindustriesarenotrepresentedeveryyearforevery
region,andtheICTvariablesarelimited.Theydonotincludetechnologiessuchascloudcomputing,
InternetofThings(IoT),socialcomputing,enterprisesystems,businessintelligence,dataanalytics,
andothertechnologies.TheselimitationsarediscussedinSection5,andarecircumventedbyusing
decisiontreeanalysistoallowin-depthinsightstobedrawn,thusaddingvaluetotheextantliterature.
Weaddressthelackofindustryresearchbyutilizingtheindustryaggregatesfromtherawdata,so
eachunitofanalysisrepresentsanindustryinaspecificcountry,inaspecificyear.

3.2. Variables
Ourvariableselectionstemsdirectlyfromtheliteraturereview.Theyaregroupedintothreehypothesis
vectors:theICTvector,theindustrycharacteristicsvector,andthefinancialcontextvector.Thefirst



Journal of Global Information Management
Volume 27 • Issue 3 • July-September 2019

105

vectorincludesfourICTvariablesfromthetechnologyandinnovationcategory,thesecondincludes
twovariablesonindustrycharacteristicsavailableinthesurvey,andthethirdvectorcomprisesseven
financevariablesfromthefinancecategory in thesurvey.Somevariablesareapplicableonly to
manufacturing,soweselectedthosethatpertaintoboth.ThefourICTvariablesintheICThypothesis
vectorare:1.Percentoffirmswithaninternationallyrecognizedqualitycertification,2.Percentof
firmshavingtheirownwebsite,3.Percentoffirmsusinge-mailtointeractwithclients/suppliers,
and4.Percentoffirmswithanannualfinancialstatementreviewedbyexternalauditors.External
auditsmaynotappeartorepresenttechnologyandinnovationdirectly,butindirectly,therelianceon
accountingpracticesandITtosupportexternalauditsimpliestheydo.

Theindustrycharacteristicshypothesisvectorcomprisesgeographicalregionsandindustry
type(manufacturingorservice).Asdiscussedinourliteraturereview,thesecaninfluencethe
impactofICTs(WorldBank,2016).StudiesontheimpactofICTsfromdifferentgeographical
regionshavedifferentresults(seeBrynjolfsson&Yang,1997;Guitat&Drine,2007;Jacobson,
2003;Kossaï&Piget, 2014;Leeet al., 2005;Matteucci et al., 2005;Yeo&Grant, 2017b).
Scholarsargueaboutwhethermanufacturingandserviceindustriesaresimilarduringanalyses
(Gago&Rubalcaba,2007).Weargue,basedonourliteraturereview,thattheyaredifferent,and
thereisalackofstudiesontheimpactofICTsonserviceindustries(ChristianKowalkowski
et al., 2013). Inklaar et al. (2003) show that ICT-using service industries experienced faster
laborproductivity increases than theirmanufacturingcounterparts in theUS,but there isno
differencebetweentheminEurope.Therefore,weincludebothindustrytypesintheanalysis.
Takentogether, theindustryhypothesisvector, thatreflects industrycharacteristics, includes
boththeirgeographicregionsandtype(manufacturingandservice).

Thefinancialcontextisrepresentedbysevenvariables:1.Percentoffirmswithabankloan/line
ofcredit,2.Proportionofloansrequiringcollateral,3.Valueofcollateralneededforaloan(%ofthe
loanamount),4.Percentoffirmsnotneedingaloan,5.Percentoffirmswhoserecentloanapplication
wasrejected,6.Proportionofinvestmentsfinancedbybanks,and7.Percentoffirmsidentifying
accesstofinanceasamajorconstraint.Asdiscussedintheliteraturereview,thefinancialcontext
isimportantforICT-drivenindustryperformance.Aviablebankingsectorsupportstechnological
innovation(Goldsmith,1969;McKinnonRonald,1973;Schumpeter,1912).Industriesbenefitfrom
banklendingpoliciesinbothdevelopedanddevelopingcountries(Obamuyietal.,2012),andthe
importance of financial factors to industry and regional performance has been demonstrated in
severalstudies(Asamoah,2011;Libanio&Moro,2006a;Parketal.,2017;Yeo&Grant,2017b).
Thelackofaccesstobankfinancing,banks’lackofmoney,highinterestrates,theadverseimpact
of bank bureaucracies, collateral requirements, and lack of access to operations financing are
significantconstraintstocompanyperformance(Becketal.,2005),andinfluenceourdecisionto
includefinancialvariables.Theinterestrateconstraintinformsourselectionofthefirst,fifth,sixth
andseventhvariables,collateralinformsthesecondandthirdvariables,andbankbureaucraciesand
lackofaccesstooperationsfinancingdirectlyorindirectlyinformstheselectionofallthevariables.

3.3. Decision Tree overview
Thedata limitations ruleout theuseof regressionsand influenceourdecision tousea
decisiontree,adataminingtechniquewidelyusedforclassificationandprediction(Osei-
Bryson,2004,Wang,Li,Cao,&Yuan,2006).Ourmethodologicalrationaleisbasedon
two reasons. First, our predictors comprise both continuous and categorical variables.
Second,weseektoestablishspecificrangesofpredictorvaluesandtheircorresponding
predictedoutcomes,thusaddingdepthtoouranalysis.Decisiontreesallowustoaddress
both.Decisiontreesworkwellwithnon-linearrelationshipsbetweenvariables,andnodata
distributionassumptionsarenecessary(Pal&Mather,2003).Itcanprocesscontinuous
andcategoricalvariables andhasbeenapplied tomarketing (Amir,Osman,Bachok,&
Ibrahim,2015;Díaz-Pérez&Bethencourt-Cejas,2016;Kim,Timothy,&Hwang,2011;
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Legohérel,Hsu,&Daucé,2015)andmedicine(Kobayashi,Takahashi,Arioka,Koga,&
Fukui,2013;Murphy&Comiskey,2013;Rodríguezetal.,2016;Ture,Tokatli,&Kurt,
2009),andICTs(Grant&Yeo,2018;Yeo&Grant,2016,2017,2018).Decisiontreesare
seldomused in ICT researchcompared to traditional statisticalmethods, although they
canprovidearicheranalysisofdata(Osei-BrysonandNgwenyama,2014).

The twomostpopulardecision treesareClassificationandRegressionTrees (CART)and
Chi-Square Automatic Interaction Detector (CHAID). They employ recursive partitioning to
splitadataintosubsets.Thesplittingcontinuesuntilthereisnosignificantrelationshipbetween
the remainingvariablesand the targetvariable (Díaz-Pérez&Bethencourt-Cejas,2016).Each
CARTnodeissplitintoexactlytwochildnodesuntilthesubsetspertainingtothetargetvariable,
arehomogenous(Tureetal.,2009).Incontrast,CHAIDenablesmultiplesplits(Shmueli,2016)
whereeachnodecanhavetwoormorechildnodes(Berry&Linoff,1997).Splittingrulesare
determined by the chi-square test of association, which measures the goodness of fit between
observedandexpectedoutcomes.Thepredictorineachsplitthatbestdeterminestheoutcomeof
thetargetvariableistheonewiththelowestp-valuefromtheChi-squaretests(Legohéreletal.,
2015).TheICTandfinancialvariablesofthestudyarecontinuousandwedidnotwanttolimit
theanalysistobinarysplits.Whencontinuousvariablestakeoninfinitevaluesareidentifiedas
predictorsinCART,theyarepartitionedintobinarysubsets,highandlow.CHAIDsupportsthe
partitioningoftwoormoresubsetsthatbestdeterminetheoutcomeofthetargetvariable.These
influenceustochooseCHAID.

3.4. Industry Performance in Research Model
Theliteraturereviewdiscusseswaystomeasureperformance,andoneisfixedassetsinvestment
thataffectsfirmprofitability(Eriotisetal.,2011;Grant&Yeo,2018),anindicatoroffinancial
health.Industryperformanceistheaggregateperformanceoffirmsinanindustryforagiven
time period. In this study, the target or dependent variable is the percent of companies in a
manufacturingorserviceindustrythatpurchasefixedassets.Itisaproxyforindustryperformance
andiscomputedasabinaryvariableusingbinning,wherethemedianisusedasthecut-offpoint
todividerecordsintotwocategories,resultinginanequalnumberofobservationsoneitherside
ofthemedian.Valuesregardingthepercentoffirmsbuyingfixedassetsrangedfrom2.30%to
91.80%.Industrieswithlessthanorequalto43.60%offirmsbuyingfixedassetsarecodedas
weakperformance,andthosewithmorethan43.60%arecodedasstrong.Figure1represents
theresearchmodelthatcomprisesthreehypothesisvectors–technologyinnovation,industry
characteristics,andfinancialcontext‒whichaffectindustryperformance.Thevectorscomprise
independentvariables thataffect the targetordependentvariable, thepercentof firms inan
industrybuyingfixedassets.

4. ReSULTS

4.1. Predictors of Industry Performance
Thepredictorsofindustryperformance,operationalizedasthepercentoffirmsbuyingfixedassets,
isdeterminedbyaChi-SquareAutomaticInteractionDetector(CHAID)decisiontree.Financeand
ICTvariables,alongwithindustryregionandsector,areincludedinthemodel.Thedecisiontree
(Figure2),predicts77.37%ofthedependentvariablecorrectly(n=751).Theresultsindicatethat
ICTvariablesarelessimportantthanfinancialvariablesinpredictingindustryperformance,andthe
industryregionisasignificantdeterminantofindustryperformance.

Thetopfivepredictorsofindustryperformanceandtheircorrespondinglevelofimportance,
areshowninFigure3.Thepercentoffirmswithabankloanorlineofcreditisthemostimportant
determinant, followed by the percent of firms having a website. Next, in descending order of
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importance,arethepercentoffirmsidentifyingaccesstofinanceasamajorconstraint,theindustry
region,andthepercentoffirmsnotneedingaloan.

Thetopsplitofthedecisiontree(Figure4)isthepercentoffirmswithabankloanorlineof
credit.Thisisclassifiedintosixbranches:lessthanorequalto6.50%,between6.50%and18.50%,
between18.50and25.20%,between25.20%and45.20%,between45.20%and62.30%,andmore
than62.30%.Weclassifiedthesesixbranches,basedonthepercentages,asverylow,low,moderately
low,moderatelyhigh,high,andveryhighlevelofrelianceonbankloansorlinesofcredit.Theyare
discussedinthefollowingsections.

4.2. Branch 1: Very Low Reliance on Bank Loans
Industries classified in this branch have less than or equal to 6.50% of firms with a bank
loanorlineofcredit(χ2=212.414,p<0.001).Mostfirmsinthisbranchhavelowindustry
performance.Thenextsplitisthepercentoffirmsidentifyingaccesstofinanceasamajor
constraint: thosewith less thanorequal to56.0%of firms,haveweakperformance,while
thosewithmorethan56.0%havestrongperformance(χ2=10.209,p<0.011).Amongthose
withlessthanorequalto56.0%,thosethathaveanaverageofbetween69.20%and98.20%
of loans requiringacollateral,havestrongperformance,while thoseoutsideof this range,
haveweakperformance (χ2=17.967,p=0.012).These findingsmay seemunexpectedbut
uponfurtherscrutiny,wefindatNode8,amongtheindustrieswithmorethan56.0%offirms
identifyingaccesstofinanceasamajorconstraint,40.0%(n=8)hadweakperformance,and
60.0%(n=12)hadstrongperformance.Giventhatthedistributionisalmosteven,thisfinding
shouldbeinterpretedwithcaution.

Looking at Node 19, there are 13 industries with less than or equal to 56.0% of firms
identifyingaccesstofinanceasamajorconstraint,andbetween69.20%and98.20%ofloans
requiringacollateral.Amongthese,eighthavestrongperformance,andfivedonot.Giventhe
smallnumberofindustriesinthisnode,thefindingthattheseindustriesperformedwellshould
beinterpretedwithcaution.

Figure 1. Research Model
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Figure 3. Predictors of performance

Figure 2. Decision tree for industry performance
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4.3. Branch 2: Low Reliance on Bank Loans
Industriesinthisbranchhavemorethan6.50%andlessthanorequalto18.50%offirmswitha
bankloanorlineofcredit(χ2=212.414,p<0.001),haveweakperformance.Among148industries
classifiedinthisbranch,only23hadhighindustryperformance.Thissuggestsaccesstobankloans
orlinesofcreditisimportantindeterminingindustryperformance.

4.4. Branch 3: Moderately Low Reliance on Bank Loans
Industries in this branch have more than 18.50% and less than or equal to 25.20% of firms
withabankloanorlineofcredit(χ2=212.414,p<0.001).Mostindustrieshaveloworweak
performance,andofthe75industries,12havestrongperformance.Theseareindustrieswith
more than43.80%of firms identifyingaccess to financeasamajorconstraint (χ2=16.436,
p<0.001).Onemightexpectnotrelyingonbankloansisasignofahealthyfinancialsituation
that should result in above average asset purchase performance. However, low performance
suggeststhatcompanyfundscanbebetterutilized.Anotherexplanationforlowperformance
isthehighloanrejectionratesexperiencedbycompanies.Thismaybethechickenandtheegg
dilemma;isthelowrelianceonbankloansduetochoice,orisitduetohighloaninterestrates?
Thereisnowaytotellfromthedata.

4.5. Branch 4: Moderately High Reliance on Bank Loans
Industriesinthisbranchhavemorethan25.20%andlessthanorequalto45.20%offirmswithabank
loanorlineofcredit(χ2=212.414,p<0.001).Mostindustrieshavestrongperformanceandamong
the232industriesclassifiedinthisbranch,121havestrongperformance,while111haverelatively
weakperformance.Thesubsequentsplitexplainsthefindingsinmoredetail.Inthisbranch,industries
thathaveanaverageoflessthanorequalto141.50%oftheirloansrequiringacollateralhavestrong
performance(χ2=24.816,p<0.001).Inthenextsplit,Nodes21and22showthatindustriesthat
havelessthanorequalto82.40%ofloansrequiringcollateral,havestrongperformance,whilethose
withmorethan82.40%haveweakperformance(χ2=12.768,p=0.003).Thissuggeststhataccess
tofinanceisimportantforindustryperformance.Industriesthatdonotrequirehighcollateralsand
donothavemanyfinancialloansthatrequirecollaterals,performbetter.

InNode14,industrieshaveacollateralaverageof141.50%and223.20%ofloans.Inthenext
split,mostindustriesinAfrica,CentralAmerica,EastAsia,EasternEurope,SouthAmerica,South
Asia,andSoutheastAsiahavestrongindustryperformance,whilethoseintheCaribbean,Central
Asia,andWestAsiahaverelativelyweakperformance(χ2=16.456,p<0.025).Itisimportantto
notethatinNode23,comprisingindustriesinregionsthathavestrongindustryperformance,55.96%
(n=61)havestrongperformance,comparedto44.04%(n=48)withweakindustryperformance.
InNode24,all11industrieshaveweakperformance.Inthesamebranch,industriesthatrequire
collateralofmore than223.20%of the loans, thehighestvalueofcollateral in thesample,have
weakperformance.Thisreinforcesourearlierargumentthatreasonablelevelsofloancollateral,are
beneficialtoindustryperformance.

4.6. Branch 5: High Reliance on Bank Loans
Industriesinthisbranchhavemorethan45.20%andlessthanorequalto62.30%offirmswithabank
loanorlineofcredit(χ2=212.414,p<0.001).Mostindustrieshavestrongperformance.However,
industrieswith less than23.90%of firms,whose recent loanapplicationwas rejected,haveweak
performance(χ2=24.622,p<0.001).Thosethathavemorethan45.60%offirmswithawebsite,have
strongperformance(χ2=10.529,p=0.009).Theindustriesinthisbranchhavearelativelyhighpercent
offirmswithbankloansorlinesofcredit(between45.20%and62.30%).Therefore,inanenvironment
whereaccesstoloansisnotaproblem,firmsshouldcontinuetoinnovateandderivevaluefromtheir
operations.Basedonthisstudy,innovationcanresultfromICTs,thusexplainingtheabovefinding.
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Industrieswithmorethan23.9%offirmswiththeirrecentloanapplicationrejected,havestrong
performance(χ2=24.622,p<0.001).However,59.8%(n=70)oftheindustrieshavemorethan36.2%
offirmsnotneedingaloan.Loanrejectioncanbeduetostringentrequirementsoffinancialmarkets,
suchashighloancollateral.Therefore,theseindustriesarelikelytobeoperatinginfinancialmarkets
withsignificantbarrierstoloanfinancing.Inaddition,thisfindingmayappeartobeananomalyand
isdiscussedinthelimitationssection.

4.7. Branch 6: Very High Reliance on Bank Loans
Industriesinthisbranchhavemorethan62.30%offirmswithabankloanorlineofcredit(χ2=
212.414,p<0.001).Industrieshavestrongperformanceandamongthe72industries,92.44%(n=
68)havestrongindustryperformance,reinforcingthataccesstobankloanorlinesofcreditfinancing,
isinstrumentaltoindustryperformance.

4.8. Regional Comparisons
Industryregionsisanimportanttopfivepredictorofindustryperformance,soweexploredthetechnology
sophisticationdifferencesamongthem.ThisisaccomplishedbyusingtheICT-relatedvariables;twoof
which,thepercentoffirmshavingtheirownwebsite,andthepercentoffirmswithanannualfinancial
statementreviewedbyexternalauditors,areamongthetopsixpredictorsofperformance.Wecomputed
atechnologysophisticationmeasurebyaveragingallfourICT-relatedvariables.Figure4showsthe
cross-regioncomparisonofthreemeasures:averagetechnologysophistication,averagepercentoffirms
withabankloanorlineofcredit,andindustryperformance,operationalizedbythepercentoffirms
buyingfixedassets.ThelatterisdenotedbythesizeofthebubbleinFigure4.

4.9. Loans/Line of Credit, and Industry Performance
Thecomparisons indicatedifferencesamong the regions.Valuesof industryperformance in the
samplerangefrom2.30%to91.80%,withameanof43.98%,andastandarddeviationof18.12.

Figure 4. Cross-region comparisons of technology sophistication, firms with a bank
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Theregionalvariationsaresomewhatnoticeable,judgingfromthesizeofthebubbles.Forexample,
WesternEuropeisclearlylargerthanSouthorCentralAsia,indicatingahigherpercentoffirms
buyingfixedassets.CloserexaminationrevealsthatindustriesintheCaribbeanhavereasonablyhigh
technologysophisticationandahighpercentoffirmsbuyingfixedassets,butAfricaiscomparatively
lowonbothmeasures.However, the average industryperformancesofboth regions are similar,
40.37%and40.13%respectively.BothSouthAsiaandCentralAsiaarecomparativelylowonaverage
technologysophisticationandpercentoffirmswithabankloanorlineofcredit,andhaveweak
industryperformanceof29.47%and30.56%respectively.WesternEuropehasthestrongestindustry
performanceof72.17%,andhighaveragetechnologysophistication,butamoderatepercentoffirms
withabankloanorlineofcredit,similartoEastAsia.EastAsiahasmoderateindustryperformance
of46.14%,rankingfourthamongtheregionsinperformance,buthasarelativelyhightechnology
sophistication.Theseregionalcomparisonssuggestthathighertechnologysophisticationregionswith
higheraccesstobankloansorlinesofcreditmayhavestrongerperformance,althoughthepicture
isnotverynoticeable.Itisplausiblethatculture,politics,society,economics,education,income,
wealth,digitaldivide,andfinance(Schryen,2013),playaroleininfluencingindustryperformance.
Theycanbeconsideredextensionsofgeographicaldifferences.

5. DISCUSSIoN AND CoNCLUSIoN

5.1. Summary
WeaddresstheneedformoreICTindustryresearchonperformance(CrowstonandMyers,2004),the
lackofconsistentindustryresultsontheimpactofICTperformance(Devaraj&Kohli,2000),therole
offinancialfactorsonindustryperformance(YeoandGrant,2017b;GrantandYeo,2018a,2018b),
theeffectofgeographyandindustrytypes,byconductinganexploratoryglobalindustryperformance
studyonmanufacturingandserviceindustriesinAfrica,Caribbean,CentralAmerica,CentralAsia,
EastAsia,EasternEurope,WesternEurope,SouthAmerica,SouthAsia,andSoutheastAsia,and
WestAsia.Theresearchobjectiveseeksanswerstothreehypothesisvectorsusingadecisiontree
toidentifypredictorsofindustryperformance.Theresearchmodelis77.37%accurateinpredicting
industryperformance.StudiesshowthatICTsalonemaynotimproveperformance(Guitat&Drine,
2007;Hsiehetal.,2011;Jacobson,2003;Jorgenson&Stiroh,1995),andtheimpactofICTscanbe
betterunderstoodbyconsideringthecontext(Pacey,1983;Taylor,1996),soweincludefinancial
variablesbecausetheyaffectperformance(Becketal.,2005;Yeo&Grant,2017b).

Ourconclusionsregardingthethreehypothesesareasfollows.PertainingtoH1:ICTshavea
positiveeffectonglobalindustryperformance,wefindsupportingevidencethattheuseofwebsites
improvesindustryperformance,butnotinasignificantway.Itisfarlessimportantthanaccessto
bankloansorlinesofcredit.Wepositthattheeffectmaybemitigatedbyotherfactorssuchasfinance
andgeography,andresultsfromtheuseofICTsmayvary,whentheyareuseddifferently(seeBaard
&Nel,2011;Golja,Paulisic,&Slivar,2015;Guitat&Drine,2007;Visser&Weideman,2011).For
H2:Industrycharacteristics,includinggeographyandindustrytype(manufacturingorservice),affect
globalindustryperformance,wefindsupportingevidenceforgeographyandinsufficientevidence
forindustrytype.SomestudiesshowthatICTsareeffectiveindrivingperformanceindeveloped
countries(Jorgenson&Stiroh,2000;Leeetal.,2005),andourfindingsshowthatstrongtechnology
sophisticationcoincideswithstrongindustryperformanceinWesternEurope,themostdeveloped
region with high technology sophistication. However, industries in South America have lower
technologysophisticationandstrongperformance.TheimpactofICTsvarieswithgeography(Piget
&Kossaï,2013;Torero&VonBraun,2006;Yeo&Grant,2017b)andcontingentuponfinancialand
othercontextualfactors,suchaseducation,income,wealth,andthedigitaldivide(Schryen,2013)that
arealsoimportanttoindustryperformance.ForH3:Financialfactorshaveapositiveeffectonglobal
industryperformance,wefindsupportingevidencetoacceptthehypothesisvector.Weidentifyfive
predictorsofglobalindustryperformance.Listedinorderofimportance,theyare:1.Thepercentof
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firmswithabankloanorlineofcredit;2.Thepercentoffirmshavingawebsite;3.Thepercentof
firmsidentifyingaccesstofinance,asamajorconstraint;4.Theindustryregion;and5.Thepercent
offirmsnotneedingaloan.Ofthesepredictors,thefirst,thirdandfiftharefinancial,thesecondis
ICT-related,andthefourthisgeographicalregion.Thetoppredictor,afinancevariable,isbyfarthe
mostinfluential,andthisiscorroboratedintheliterature(seeAsamoah,2011;Becketal.,2005;King
&Levine,1993;Libanio&Moro,2006a;Parketal.,2017;Yeo&Grant,2017b).Financeplaysa
moreprominentroleindrivingindustryperformance,thanICTsorgeography.

5.2. The Impact of ICTs and Finance on Performance
TheimpactofICTsonperformanceisinconclusive(Brynjolfsson&Yang,1997;Leeetal.,2005;
Matteucci et al., 2005). While some studies illustrate insignificant effects (Jorgenson & Stiroh,
1995),othersconcludeotherwise(N.Bloometal.,2010;Guitat&Drine,2007;Leeetal.,2005).
Ourfindingssupportbothviews.Amongthemostinfluentialfactorsonperformance,ICTscome
second.Themostinfluentialfactorbyfar,thepercentoffirmswithabankloanorlineofcredit,isa
financevariablewitharelativeimportancemeasureof0.61.Nextisthepercentoffirmshavingtheir
ownwebsite,anICTvariableat0.14.OnlytwoofthefourICTvariableshaveapositiveimpacton
performance.Theotherone(percentoffirmswithannualfinancialstatementreviewedbyexternal
auditors)islargelyunimportant,witharelativeimportanceof0.02.TheremainingtwoICTvariables
havenoeffectonindustryperformance.Non-ICTfactorsplayarole in influencingperformance
(Piget&Kossaï,2013)andaccesstofinanceandexternalfunding,improvecompanyperformance
(Asamoah,2011;Gerschenkron,1962;Libanio&Moro,2006b).Inourstudy,thepercentoffirms
withabankloanorlineofcreditisastrongpredictorofperformance.Ofthetopfivepredictors
ofperformance,threearefinancial.Acompany’sabilitytopurchasefixedassets,anindicatorof
financialhealth,influencesturnoverandprofitability(Eriotisetal.,2011),andisthus,anappropriate
measureofperformancebecausetheyareusedtoreplaceoldequipmentorexpandoperations.Fixed
assetpurchasesarefundedbybankorequityfinancing,andtoalesserextentbycompanyrevenue.
Bankorequityfinancing,indicatesthatlendersperceiveborrowerstobeingoodfinancialhealth,
therefore,irrespectiveofindustrytype,accesstofinancingisimportant.Thiscorroboratestheprior
evidencepositingtheimportanceofastrongfinancialsystem(seeBecketal.,2005;King&Levine,
1993;Yeo&Grant,2017b).

5.3. effect of Regions on Performance
Geography is the fourth important variable in predicting industry performance. When region is
combined with technology sophistication, the average percent of firms with a bank loan/line of
creditandindustryperformance,regionaldifferencesarenotnoticeablyinfluential(seeFigure4).
Wediscovervaryinglevelsofperformance,independentoftheleveloftechnologysophistication
andaccesstoloans/lineofcredit.Caribbeanindustrieswithhightechnologysophisticationperform
well, butAfrican industriesperformpoorly.WesternEuropehas strongperformanceand strong
technologysophistication,butSouthandCentralAsiahavelowtechnologysophisticationandlow
performance.TheliteraturesuggeststhattheimpactofICTsvariesbygeography(Leeetal.,2005;
Piget&Kossaï,2013;Torero&VonBraun,2006;Yeo&Grant,2017b).Wefindmixedresultsas
nocleartrendsemerged,suggestingcontextualfactorssuchaseducation,income,wealth,digital
divide,andfinancemayaffecttheimpactofICTs(Schryen,2013).Thesurveydoesnotshedlight
onthetypeoffirmssurveyed,whichmayfurtherexplaintheresults.Itispossiblesomeserviceand
manufacturingindustriesdonotrequiresignificantcapital,thusreducingtheneedtoinvestinfixed
assets.Theleveloflabor-intensityversuscapital-intensityindifferentregionsmaythusbeimportant
inexplainingtheresults.Economicandsocialconditionsdeterminetheneedtopurchasefixedassets.
Inunderdevelopedcountries,manufacturingisnotadvancedbywesternstandards,butisappropriate
forregionaleconomicdevelopment.Inhighlydevelopedregions,capitalequipmentisutilizedto
improveefficiencybutinAfrica,manuallaboristhecureforhighunemployment.InSouthernAfrica,
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51%ofwomenand43%ofmenareunemployed(Devlin,2013),soitmaybefinanciallyprudent
toemployworkerstodigtrenchesratherthantousemachinery.Fixedassetpurchases,underthese
conditions,maynotbethebestmeasureofperformance.

5.4. effect of websites on Performance
Thereisaperceptionthatwebsiteshaveadvantagesforcustomersandcompaniesalikebutthismay
betrueonlywhentheyareoptimallyused(Baard&Nel,2011).Companiesbelievethattheyexpand
marketshares,andleadtoincreasedsalesandrevenue.Thisisparticularlytrueforserviceindustries,
wherewebsitesaretheprimaryconduitforB2CtoB2Becommerce.B2Cmaybemoreimportant
for servicecompanies,butB2B ismore important tomanufacturingcompanies that seldomsell
toindividuals,asintermediariessatisfyfinalconsumerdemand.Wefindwebsiteshaveapositive
effectonindustryperformance.However,poorlydesignedwebsitescannegativelyaffectGDPin
sub-SaharanAfrica(Guitat&Drine,2007),duetocompaniesinEgypt,Kenya,Morocco,Nigeria
andTunisiafailingtooptimallyutilizethemtoeffectivelycommunicatewithinvestors(Baard&
Nel,2011).Design,security,reliability,trust,andusabilityrequirements(Goljaetal.,2015)that
constitutegoodwebdesign(Visser&Weideman,2011)areoftenmissing.Loanrejectionratesmay
impactthemaintenanceofwebsites,thusreducingtheireffectivenessinplaceslikeAfrica,withlow
levelsofInternetpresence(Baard&Nel,2011).SinceindustriesfromAfricaareincludedinthe
study,understandingtheroleofwebsitesandfundingtodevelopandmaintainthem,mayshedlight
onfutureindustryperformancestudies.

5.5. Theory Development
Inaddressingtheon-goingdebateontheeffectivenessofICTstodriveperformance(Aral&Weill,
2007; Dedrick, Gurbaxani, & Kraemer, 2003; Hitt & Brynjolfsson, 1996), we take a small and
importantstepindevelopingtheoryontheabilityofICTs,geographicalregion,andfinancialfactors
toinfluenceindustryperformance.WedemonstratethattheimpactofICTsshouldbestudiedwithin
theircontextsformoreusefulconclusionstobedrawn,thusaddressingtheinconsistenciesinthe
literatureregardingtheimpactofICTs(N.Bloometal.,2010;Brynjolfsson&Yang,1997;Jacobson,
2003;Jorgenson&Stiroh,1995,2000;Kohli&Devaraj,2003;Leeetal.,2005).

Theimpactofthefinancialcontextonindustryperformanceisclear,asaccesstoborrowingis
asignificantpredictorofindustryperformance.Toalesserdegree,theuseofwebsitespositively
impacts performance. If websites are optimally used, they can be highly beneficial to industry
performance(seeBaard&Nel,2011).IntheorizingtheimpactofICTs,itisnotICTsperse,buttheir
successfulleveragethatisimportantingeneratingvalue(Taylor,1996).Thisisbecausetheimpact
ofICTsisdependentonotherfactors(Piget&Kossaï,2013),andtechnologiesmustbeinterpreted
withintheircontexts(Pacey,1983).WefindcorroboratingevidencethattheimpactofICTsacross
geographicalregionsexist(Leeetal.,2005;Piget&Kossaï,2013;Torero&VonBraun,2006;Yeo
&Grant,2017b)andgeographyislessimportantthanfinancialfactors.Ourregionalcomparisons
suggestothercontextualfactorsdiscussedearlier(Schryen,2013),canaffectregionalperformance
andfurtheraidtheunderstandingofhowICTsaffectperformance.

5.6. Contributions, Limitations and Future Research
Thisinvestigationmakessixcontributions.First,itidentifiesICT,geographical,andfinancialvariables
thatdriveindustryperformance.Second,itidentifiespotentialfactorsworthyoffutureresearchvia
thehypothesisvectors.Third,itutilizestheseldomusedfixedassetpurchasevariable,asaproxyfor
industryperformance,addinganotherICTperformancemeasure.Fourth,serviceandmanufacturing
companiesbenefitfromknowingwhatdrivesperformance.Policymakerscanusethisknowledgeto
implementpoliciesthatgovernlendingandICTuse,andmanagersuseittoaidcapitalexpenditure
decisions.Theycanalsousethefindingstoimprovetrustinecommerceandvocationalecommerce
technologyeducation.Fifth,ourfindingsaddtotheextantliteratureontheimpactofICTsonindustry
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performance.Giventheinconsistencies,thescopeofourstudydemonstratestherangeofcontextual
factors–financial,geographyandindustrytype–thatmayinfluencetheimpactofICTs.Weposit
thatfuturestudiesontheimpactofICTsshouldcontinuetoincludecontextualfactorstobetterexplain
theirimpact,thusaddressingtheinconsistencies.Lastly,itdemonstratestherelativeimportanceof
financialfactorscomparedtogeographyandICTs,onindustryperformance.

ThechargefromCrowstonandMyers(2004)topursueICTresearchat theindustrylevelis
challenging,duetothelackofaccesstoglobalhigh-qualityindustrydata,andresourcestocollect
globaldataonthisscale,thusreducingglobalcomparativestudiesintheliterature.Theseglobal
surveysaremostlyadministeredbylarge,internationalorganizationssuchasUnitedNations,World
Bank,orInternationalMonetaryFundwithglobalreach.Accesstocomprehensiveglobaldatais
expensiveforfacultyanduniversities,andlanguagebarriersandcultureposeadditionalchallenges
forprimarydatacollection.Industriesinsomecountriesareunequallyrepresented,andthismay
limitthechoiceofresearchmethodstoanalyzedata.Morecompletedataimproveanalysisanda
widerselectionofresearchmethods.ThedataexcludetheU.S.andCanada,buttheirinclusionwould
betterrepresentthedevelopedregions.WerecommendexpandingtheICTvariablestoincludecloud
computing,InternetofThings(IoT),socialcomputing,enterprisesystems,businessintelligence,and
dataanalyticsandexpandingthefinancevariableswhereapplicable.

Futurestudiesshouldexploretheeffectivenessofwebsites,theirdesign,andmaintenanceon
industryperformance.Trustaffectsecommercedifferentlyinvariousregions(Garnik,2004)and
consideringitmayshedlightonhowregionaldifferencesaffectICT-drivenperformance.Accessto
financingandloanrejectionratesareopportunitiestostudyperformanceindevelopedanddeveloping
regions.Factorsthathavenoeffectinthisstudymaybeimpactfulinotherregions,wheredataare
available,becausetheyarestillpartofthecontextofICTs.Hence,werecommendtheircontinued
inclusioninfuturestudies.
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