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A bstract
T his paperanalyses thelinkbetweenhuman capitaland information
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salesratioemployalargerfractionofhigh-skilledworkers. T herelationship
betweenIT investmentandmedium-skilledlabourisratherweakwhilethe
unskilled labourshare is negativelyrelatedtothe IT investmenttosales
ratio. U singatranslogproduction functiontoassess theproductivityof
di¤erentinputfactors, we…ndthathumanandinformationcapitalprovide
themostpowerfulcontributionstooutputintheservicesector.
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A non-technicalsummary
W hile in the 19 60s thepublicopinion feared thatcomputer-controlledma-

chineswouldeventuallyreplaceblue-collarworkers, manypeoplenowadays are
afraidthatinformationtechnology(IT ) couldreplacethemiddlemanagement.
Similarly, transactioncosttheoryimpliesthatthenumberofmanagerscouldbe
sharplycutduetotheintroductionofIT (M aloneandR ockart19 9 1). T hus, the-
oreticalanalyses aswellas informalevidencesuggestthattheprevalentspread
ofIT inalltypesofenterprisesmaya¤ecttheskillstructurewithin…rms. Ser-
vice…rms areheavyusers ofinformationtechnology. Inparticular, knowledge-
intensiveserviceactivitiessuchassoftware, R &D andtechnicalconsulting, aswell
asbusinessserviceshavearelativelyhighshareofinformationtechnologyintotal
output. A mongallsectors, theservicesectorispronetobeseverelya¤ectedand
toexperiencethemostsigni…cantchangesfromtheriseofIT .

Empiricalworkonthelinkbetweeninformationtechnologyandskillshasused
bothestablishmentandindustrydata. H owever, duetodatalimitations, alarge
numberofstudies have focused on manufacturingratherthan service sectors.
Empiricalresults atthe…rm levelfortheU S suggestthatahigherdemandfor
informationtechnologyisassociatedwithahigherskillleveloftheworkforceor
ahigherproportionofskilledworkers. Studiesbasedonindustrydatashowthat
theincreaseintheshareofwhite-collarworkers is positivelycorrelatedwiththe
industries’initialIT tototalinvestmentratio.

T hispaperanalysesthelinkbetweeninformationtechnologyandworkers’skill
levelfortheG ermanservicesector. O urresultsshowthatinformationtechnology
hasasmall, butsigni…cantimpactontheemploymentshareofuniversitygrad-
uates. T his …ndingimplies that…rmswithhigherIT investmenttosales ratios
employalargerfraction ofuniversitygraduates aftercontrollingfor…rm size,
industrya¢liation, exportersandR &D performers. H owever, thequantitativeef-
fectisratherweak. A 50 % increaseintheIT investmenttosalesratiowouldonly
leadtoariseintheuniversitygraduatessharefrom 14.9 to15.2 % . T heimpact
ofIT investmentontheuniversitygraduatesshareis strongestforskill-intensive
serviceactivities (business services, computerandR &D labs). Furthermore, the
employmentshareofunskilledlabouris, as expected, negativelyrelatedtothe
IT investmenttosales ratio. U singatranslogproductionfunctiontoassessthe
productivityofdi¤erentinputfactors, we…ndthatbothhumanandinformation
capitalmakesigni…cantoutputcontributions.
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1. Introduction

W hileinthe19 60spublicopinionfearedthatcomputer-controlledmachinescould
eventuallyerodethedemandforblue-collarworkers, the19 9 0s havewitnesseda
publicapprehension thatinformation technology (IT ) may replacethemiddle
management(D rucker19 88). A basictheoreticaljusti…cationatthemicroeco-
nomiclevelforthis notioncanbefoundbypointingtothelowermarginaland
totalcostsexhibitedbyIT capitalrelativetohumancapital. T hedi¤erences in
costwouldsuggestasubstitutionofIT capitalforthemoreexpensivemanage-
mentandclericalworkers, assumingsimilarmarginalproductsofIT andhuman
capital. Similarly, transactioncosttheoryimplies thatthenumberofmanagers
couldbecutsharplyduetotheintroductionofIT (M aloneandR ockart19 9 1).
T hus, theoreticalanalysesaswellasinformalevidencesuggestthattheprevalent
spreadofIT inalltypesofenterprisesmaya¤ecttheskillstructurewithin…rms.
IntheU S, 80 % ofIT expendituresareinvestedintheservicesector(Brynolfsson
19 9 2), G erman…guresshowsimilartendencies. W ithintheservicesector, whole-
saletrade, the…nanceandinsuranceindustries, andbusinessserviceshaveshown
thehighestadoptionratesofIT (M cFetridge19 9 2). D uetothesigni…cantroleof
IT , theservicesectorispronetobeseverelya¤ectedandtoexperiencethemost
signi…cantchangesfromtheriseofIT .

T helinkbetweenbothinformation- andcommunicationcapitalandtheskill
structurehasbeenempiricallyanalysedbyanumberofstudies(forasurveyofthe
literature, seeChennellsandVanR eenen19 9 8). T hemajorityofstudiesrelieson
industry-leveldatatorelatetherateofchangeintheemploymentshareofskilled
labour- ratherthantheleveloftheemploymentshare- totheindustry’s initial
IT tototalinvestmentratio. Incontrasttothepublicopinion’s fearsmentioned
above, acommon…ndingindicatesthecomplementarityofIT capitalandskilled
labour. Berman, B oundandG riliches(19 9 4)aswellasA utor, KatzandKrueger
(19 9 7 ) provideU S evidenceatthefour-digitSIClevelthatthechangeinthecost
shareofskilledlabourispositivelyrelatedtotheindustry’s initialinvestmentin
computers. H askelandH eden(19 9 9 ) presentsimilar…rm-levelresultsfortheU K
whileD uguetand G reenan (19 9 7 ) provideevidencethatthechangeintheskill
structureisrelatedtotheintroductionofprocessandproductinnovationsusing
French…rmleveldata. O uranalysisofthedeterminantsof…rm-levelskillintensity
iscloselyrelatedtotheapproachpresentedbyBresnahan, B rynjolfssonandH itt
(19 9 8). T heauthors estimatea…rm-leveldemandfunctionforIT capitalbased
onapanelof311 U S companies separatingtheworkforceintocollege-educated
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workersandprofessionals. T heir…ndingssuggestthatifa…rm increasesitswork
force’s skilllevelbyone standard deviation (increaseof25% ), its demand for
IT capitalwillrise byapproximately 13.5% . T heauthors concludethatskill-
IT complementarityis thedominantfactorinexplainingthedemandforskilled
labour.

A relatedareaoftheliteratureexaminestheoutputcontributionofinforma-
tiontechnologyinaproductionfunctionframework. T heresults shownbythe
variousstudies, however, donotpaintaconsistentpicture. Estimatesoftheout-
putelasticityofIT capitalrangefrom 0.05 (B rynolfssonandH itt19 9 5) or0.10
(L ichtenberg19 9 5)to0.5 (L ichtandM och19 9 7 ). T he…rsttwostudiesuseanun-
balancedpanelof200-400 largeU .S.…rms, ofwhichathirdareserviceproviders,
taken from the ID G /computerworld surveys on IT spending. L ichtand M och
(19 9 7 ) showevidenceofamuchhigheroutput-elasticityofIT equipmentbased
onIT usagedatafromtheInternationalD ataCorporationG ermany’s’IT survey’
conductedforasampleof7 9 0 G erman…rms. U singsimilarlydisaggregateddata
for60 U S businessunits, L oveman(19 9 4), ontheotherhand, estimatesthatthe
contributionofinformationcapitalto…naloutputisnegligible.

A sanalternativeapproach, L ichtenberg(19 9 5)andD ewanandM in(19 9 7 )fo-
cusonthemarginalrateofsubstitutionbetweendi¤erenttypesofskills(including
IT labour), IT capital, andotherfactorsofproduction. L ichtenberg(19 9 5) …nds
thatoneIT workercanbesubstitutedforsixnon-IT workers. Incontrast, D ewan
andM in’s(19 9 7 )resultsindicateanelasticityofsubstitutionofapproximatelyone
betweenIT capitalandotherfactorsofproduction(capitalandnon-di¤erentiated
labour).

In this paperwehope toside-step some ofthe problems which may have
contributedtotheinconsistencies intheabovestudies byfocusingexplicitlyon
theservicesectortoprovidesomemoreindicativeevidenceofthecontributions
ofIT toboth productivity and the …rm’s inputmix. T hemotivation forthe
choiceofsectoristwofold. T hesectoraldistributionofIT suggestsvastlydi¤ering
degreesofimportanceofIT bysectorandmotivatesamoredetailedstudyofthose
sectors inwhichIT capitalis highlyconcentrated. Inaddition, adetailedstudy
oftheservicesectorcanenhanceourunderstandingoftheempiricalregularities
ofthetertiarysector, anareawhereresearchhasbeenlimiteddespitethesector’s
growingimportanceinmostindustrialisedcountries’economies.

Inthe…rstpartofthepaper, thedeterminantsoftheskillstructurewillbe
examined. FollowingBresnahanetal. (19 9 8), weinvestigatethelinkbetweenIT
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andskillintensityrathertherelationshipbetweenthechangeinskillintensityand
theinitialIT level. T hedataisdrawnfromthe19 9 5 M annheimServiceInnovation
Panel(M IP -S)whichhaspreviouslybeenanalysedbyL ichtandM och(19 9 7 )and
Kaiser(19 9 8). D uetodatalimitationswewillfocusprimarilyonthesubsampleof
W estG erman…rmsandexcludetheEastG erman…rmsfrommostofouranalysis.
Since the data setincludes detailed …rm-speci…ccharacteristics such as …rms’
organisationalstructureandinnovativeactivity, thispaperprovidesnewinsights
intothedeterminants ofheterogeneous …rms’skilldecompositions. T hesecond
partofthepaperfocusesonthereturntohumancapitalandIT investment. W e
applya‡exiblefunctionalformtoestimatetheproductionfunction. Incontrast
toBrynolfsson and H itt(19 9 5), we divide the labourused in the production
process intothreeseparateskillclasses wherehigh- andmedium-skilled labour
ismeasuredby, respectively, thenumberofuniversitygraduates andvocational
schoolgraduatesemployedbya…rm.

Thelayoutofthepaperisasfollows. Section2 outlinestheeconometricmodel.
Section3describesandsummarisesthedata. Insections4and5, wepresentthe
results forthefactordemandequations andtheproductionfunction. Section6
concludes.

2.EconometricM odel

2.1.FactorShareequations

2.1.1. M odelspeci…cation

Toinvestigatethelinkbetweeninformationtechnologyandtheskillintensityof
the…rm, weemployfactordemandequations. M anyeconometricstudiesofthe
complementarityofIT andskilledlabourhaveusedavariablecostfunctionframe-
worktoexaminewhetherskillintensityandtechnologyarepositivelycorrelated
inagivencross-section(D omsetal. 19 9 7 ). W eapplyasimilarset-upde…nedover
twoquasi-…xedfactorsofproduction;IT investment(IT ) andnon-IT investment
(K)andthreevariableinputs;universitygraduates(H ), vocationalschoolgradu-
ates(M ), andworkerswithoutdegreeincludingapprentices(U ).U singatranslog
costfunctionandunderhomogeneityofdegreeoneinpricesandhomotheticity,
Shepard’s lemmaimplies thefollowingcostshares forthethreetypesoflabour
(seeChennellsandVanR eenen19 9 8):
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@ lnC
@ lnPi

=
PiX i

C
= Si= ®i+

X

j= U;H
¯ijln(Pj=PM )+ ¯iK ln(K=Q )+

¯iI T ln(I T=Q )+ ui

whereCdenotesthe…rm’stotalcost, P ithepriceofinputi (i = H , U ), and
X itheconditionalfactordemandforinputi. Siisthusthecostshareforthetwo
typesoflabourandQ denotestotalsalesinnominalpricesasaproxyforoutput.
W enormalisebythefactorpriceofmedium-skilledlabour, P M . N otethatthe
medium-skilled labourequationhas beendroppedbecausethecostshares sum
tounity. T heparameters ¯iK and¯iI T measurethee¤ectsofthenon-IT capital
tosalesratio(K/Q ) andtheIT capitaltosalesratio(IT /Q ) onthelabourcost
shares. A positivecoe¢cientontheinvestmenttooutputratiointheuniversity
graduates shareequation (̄ H K > 0 ) indicates, forexample, thatcapitalis a
complementtoskilledlabour. Similarly, apositivecoe¢cientontheIT capital
tooutputratioindicatesskill-technologycomplementarity. Ifboth¯ H I T > 0 and
¯U I T < 0 , thentechnology is skill-biased. A ssumingaconstantinvestmentto
capitalratio, theinvestmenttooutputratioistakenasaproxyforthecapitalto
outputratiointhetwoinvestmentsectors, IT andnon-IT .

Since factorprices (i.e. wages by skillclasses) are generally notavailable
atthe…rm level, onecanemploytheskill-speci…cemploymentshares toproxy
theunknowncostshares.1 Furthermore, assumingthatrelativewages (P H /P M )
or(P U /P M ) areconstantwithin industries, thee¤ects ofrelativewages canbe
capturedbyindustrydummies. T hegeneralspeci…cationused inthefollowing
empiricalimplementationrelatestheemploymentsharesofeachskillclass, Ei, to
thelogIT expendituretototalsales ratio, thelognon-IT expendituretototal
salesratio, aswellasasetofappropriatecontrolvariables:

Ei = ® i+ ¯iK ln(K=Q )+ ¯iI T ln(I T=Q )+
9X

j= 1
¯ijK (d jln(K=Q ))+ (2.1)

9X

j= 1
¯ijI T(d jln(I T=Q ))+

9X

j= 1
¯jd j+

4X

m = 1
¯ m d m +

3X

n= 1
¯ n d n + ui

1Industry-levelinformationonwagesfordi¤erentskillgroupscouldbeobtainedfromwage
and salary statistics. H owever, onlywholesale and retailtrade, transportand bankingand
insurancearecoveredbytheo¢cialG ermanwagestatistics.
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wherei = H , M , U ;j = 1,...,9 refertoserviceindustries;m = 1,...,4 denote
sizeclasses;andn= 1,...,3areperformanceindicators(seemoredetaileddescrip-
tionbelow). d is adummyindicatorwhichequals oneifthe…rm is amember
ofindustryj, has sizeclass m, orquali…es forperformanceindicatorn. Totest
whethertheinvestmentimpactonanygivenemploymentsharevariesbyindus-
try, weincludeinteractione¤ectsoftheIT investmentornon-IT investmentto
sales ratios andtheindustrydummies. A s anormalisation, weexcludedoneof
theindustryandsizeclasses each intheestimation. Sincefactorprices arenot
included, itisnotnecessarytoimposetheconditionsofsymmetryandlinearho-
mogeneity infactorprices. Consequently, eachemploymentshareequationcan
beestimatedseparatelybyO L S. H owever, thedegreeofsubstitutabilitybetween
di¤erenttypesoflabourandinformationtechnologycannotbeascertainedwhen
employmentshares areusedandfactorprices arenotavailable. A positive IT
coe¢cientintheemploymentshareequationforgraduatesthensimplyindicates
that…rmswithhigherIT investmenttosalesratioshaveahigherskillintensity.

A ppropriatecontrolvariables, n, whichmaya¤ecttheskillcompositionofa
…rm’slabourforceincludeinformationonthe…rm’sexportorientation, participa-
tioninR &D andownershipform(partofindustrialconglomerate). Inparticular,
exportorientationrepresentsagoodcontrolvariablebecausetheexportingactiv-
ityofG erman…rmsisconcentratedinskill-intensivegoodsandservices.

2.1.2.Censoringandsampleselectionissues

W hen estimatingemploymentshare equations, severaleconometricdi¢culties
arise, including: (1) censoringoftheemploymentshares, (2) zerovaluesforboth
typesofinvestmentand(3)outliersduetoreportingerrors.

Employmentshares areboundedbetween 0 and 1 suchthatO L S estimates
willbeinconsistentandatruncatedregressionmodelmaybeemployedinstead.
Furthermore, theobserveddatacontainsomeclustersofzero- orone-valuesforone
ormorevariables. T hosevariablesmightbecensoredeitherintheuppertail(’on
theright’)orinthelowertailofthedistribution(’ontheleft’). Inthisparticular
application, the threeemploymentshares are censored from both sides ofthe
distribution. T hus, thecensoredregressionmodelmaybemoreappropriatethan
thetruncatedregressionmodel. Inthebasiccensoredregressionmodel, thetrue
underlyingdependentvariable, y* , isafunctionofasetofindependentvariables,
x:
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y¤= ¯0x + " "~N (0 ;¾ 2 ) (2.2)

whiletheactuallyobservedvalueofthedependentvariable, y, isgivenby:

y=

8
><
>:

L y¤·L
y¤= ¯0x + " L < y¤< U
U y¤¸U

whereU and L denotetheupperandlowercensoringbounds, respectively.
T hevaluesfory* ify* ·L ory* ¸U areunobserved. Equation2.2 isavariantof
theTobitmodelwhichallowsforcensoringinbothtailsofthedistribution. Ifthe
residuals arenormallydistributed, equation 2.2 canbeestimatedbymaximum
likelihoodmethods. T heassumptionsofthestandardTobitmodelincludecen-
soringononesideofthedistributionandthehomoscedasticityofthedisturbance
terms. H omoscedasticitywillbeviolatedthough, ifthevarianceis, forexample,
proportionaltooneoftheregressorsoritssquare. Inthiscase, theM L -estimator
oftheTobitmodelisinconsistent. W ewillcorrectforpotentialheteroscedasticity
byusingamultiplicativeheteroscedasticTobitmodelwhichspeci…esthevariance
oftheerrorterms as var("i) = ¾ 2i = ¾ 2 exp(°0z i). In this speci…cation, z is a
setofindependentvariables thatpossiblycoincideswiththeexplanatorysetof
variables, x. Inthecurrentapplication, allvariablesexceptfortheconstantarein-
cludedintheheteroscedasticityfunctionandtheheteroscedasticmodelistested
againstthehomoscedasticbasemodelusingalikelihoodratiotest(see G reene
19 9 7 ).

A notherwaytoestimatetheemploymentshareequations followsthegener-
alisedH eckmanapproach(’Type2 Tobitmodel’). T hetwo-stepH eckmanmethod
is relatedto, butless restrictivethantheTobitmodelsincetheparameters ex-
plainingthe…rm’sdecisiontoemployahigh-, medium-, orunskilledworkerare
notconstrainedtoequaltothoseexplainingtheleveloremploymentshareofeach
oftheskillclasses. T hetwo-stagemethodconsistsofaProbitselectionequation
andthestructuralequation:

z ¤1 = ® 01v1 + $1 (2.3)

z 1 =
(
1 z ¤1 > 0
0 z ¤1 ·0

y = ¯ 0x1 + "1 L < y¤< U
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wherev1 isvectorconsistingof…rm sizeandsectordummies, thelogsofthe
IT investmenttosalesratioandtheinvestmenttosalesratio, andothercontrol
variables. O neshortcomingofthisapproachisthatthereafewpotentialvariables
whichexplainthe…rm’sdecisiontoemployaworkerofacertainskillandnotthe
employmentshare. W euse …rm sizeas the identifyingvariable in thesample
selectionmodel. T heestimatesoftheProbitselectionequationfortheemploy-
mentdecisionareusedtoconstructanestimatefortheinverseM illsratiowhich
is includedasanexplanatoryvariableintheestimationofthestructuralmodel.
N ote, thatwedonotaccountforcensoringintheuppertailofthedistributionin
thetwo-step estimationprocedure. H owever, thehigh-skilledemploymentshare
equalstooneonlyforveryfew…rms.

T he second estimation problem concerns themultiple zerovalues observed
forboth types ofinvestment. Potentialsolutions include the use ofthe level
ratherthan the logarithm ofthe IT tosales ratioorthe replacementofzero
expendituresbyasmall, butpositivevalue. O bservationswithzerovaluescould
alsobeexcluded, butthentheestimationoftheemploymentshareequationsmust
accountfortheselectionbiastherebyinduced. W eproceedtojointlyestimatethe
employmentshareequationandtheinvestmentdecisionbyextendingthestandard
TobitmodeltothesampleselectionTobitmodel:

z ¤2 = ® 02 v2 + $2 (2.4)

z 2 =
(
1 z ¤2 > 0
0 z ¤2 ·0

y¤ = ¯02 x2 + "2

y =
(
L y¤·L and z 2 = 1
y¤= ¯ 02 x2 + "2 L < y¤and z 2 = 1

whereacorrelationbetweenbotherrorterms is allowed(C orr["2 ;$2 ] = ½).
T hevariablesintheemploymentshareequationcanonlybeobservedwhen z 2 = 1
(i.e. nonzerovaluesforeitherIT ornon-IT investment). W einitiallyestimatea
Probitmodelwhichidenti…esfactors in‡uencingthedecisionfora…rmtoinvest
inIT ornon-IT capital. T heinverseM illsratioisthenusedasacorrectioninthe
secondstageemploymentshareTobitregression. T histwo-stageleastsquarespro-
cedureprovidesconsistent, butine¢cientestimatesofthesampleselectionTobit
model. E¢cientestimatesareobtainedviafullinformationmaximum likelihood
methodsusingthetwo-stageleastsquareresultsasstartingvalues.
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A furtherestimationproblemisthepresenceofoutliers. T hiswillbeaddressed
byL A D estimationoftheemploymentshareequationsbasedonarestrictedsam-
ple(excludingzerovaluesforbothtypesofinvestmentaswellas zerovaluesfor
university graduates). Forcomparison reasons, an additionalsample selection
modelis estimated. H eretheselectionrulefollows adiscretechoicemodelex-
plainingnon-zeroinvestmentexpenditureaswellasnon-zerovaluesforuniversity
graduates.

2.2.TheProductionfunction

2.2.1. M odelspeci…cation

W eusetheproductionfunctionframeworktoexaminethecontributionsofIT cap-
italandhumancapitaltooutput. T hefunctionalform usedinthis paperisthe
translogproductionfunctionwith…veinputvariables. Initslogarithmictransfor-
mation, therelationbetweeninputsandoutputcanbewrittenas (omittingthe
…rm subscriptforconvenience):

lnY = ® 0+
X

i
®ilnX i+

1
2

X

i

X

j
°ijlnX ilnX j (2.5)

whereX iandX jarestockmeasuresofinputs, Y denotesoutput. O neadvan-
tageofthetranslogfunctionalform overtheCobb-D ouglasproductionfunction
isthattheoutputelasticitiesarenotrestrictedtobethesameacrossalltypesof
…rm. Startingfromthetranslogproductionfunction, severalrestrictivefunctional
forms arenestedandcanbestatisticallytested, forexampletheCobb-D ouglas
productionfunctionimposestherestrictionsof°ij= 0 8i,j inequation2.5. T he
outputelasticitywithrespecttoinputi whichmeasuresthepercentageincrease
inoutputinresponsetoaunitincreaseintheinputvariableiscomputedasthe
derivativeoftheproductionfunctionwithrespecttothelogarithm ofi. Forthe
translogfunctionalform, theoutputelasticityisthusafunctionofinputi, aswell
astheremaininginputs intoproduction, j:

´i=
@ lnY
@ lnX i

= ® i+
X

j
°ijlnX j (2.6)

TheW aldtestisusedtotestthenon-linearhypothesisthattheoutputelastic-
ityissigni…cantlydi¤erentformzero. W eapplythetranslogproductionfunction
de…nedoverthe…veinputs intoproduction;thethreelabourskillclasses, H , M ,
andU ;andtwotypesofcapital, IT andK.
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2.2.2.Estimationtechniques

T heunbiasedandconsistentestimationoftheproductionfunctioniscomplicated
bythefollowingeconometricanddataproblems: (1) theuseof‡owsas proxies
forcapitalstocks, (2) omittedvariablebias duetomissingmaterialinputs, (3)
endogeneityofinputs, and(4) theroleofoutliers.

T heproductionfunctionspeci…edaboveisbasedonstockmeasuresofallin-
putstoaccountforthefactthatpastinvestments incapitalmakecontributions
tooutputinthecurrentperiod. Toderiveastockmeasureofcapitalinputs into
production, mostcommonlyaweighted averageofpastlevels ofinvestmentis
computed. U nfortunately, the M IP -S datasetemployed in this studydoes not
containmeasures ofthenetcapitalstockorpastinvestment‡ows atadisag-
gregatedlevelforIT andnon-IT capital. W ethereforeuse investment‡ows as
aproxyfortheIT andnon-IT capitalstocks. Somejusti…cationforthis choice
ofproxies isprovidedbythefollowingevidence. T henationalaccountsprovides
informationontheoverallnetcapitalstockfor14serviceindustries. Inadescrip-
tiveregressionoftheinvestmenttosalesratioandthenetcapitalstocktosales
ratio, we…ndastrongpositiverelationship. T hePearsoncorrelationcoe¢cient
is0.9 7 andsigni…cantatthe1 % level. T heregressionestimatedbyO L S yields:

I
Q = 0:0 52(4 :8)

+ 0:0 56CQ
(14 :8)

adj. R 2 = 0:94 ;O B S= 14 :

whereI denotestotalinvestmentatcurrentprices, Q grossoutputandCthe
netcapitalstockatcurrentprices. A ssumingaconstantshareofIT expenditures
outoftotalinvestment, the‡owvaluesofIT andnon-IT capitalmayprovideac-
curateproxiesoftheunderlyingcapitalstocks. InthecaseofIT capital, current
expendituresmaybeveryclosetothediscountedaccumulationofpastIT expen-
dituresduetothehighrateofdepreciationofcomputercapital. Sinceinvestment
‡ows canonly serveas appropriateproxies fortheunobservedcapitalstockin
thecasewheretheratioofinvestmenttocapitalstockisrelativelystable, weare
notabletoextendouranalysistoEastG erman…rmswherethestabilityofthis
relationship breaksdown.

A notherlimitation ofthe dataconcerns the lackof…rms’materialexpen-
ditures. M aterials are, however, importantfactors ofproduction in theservice
sector. Basedonsectoraldata, theshareofmaterials intotaloutputrangesfrom
35 % inbankingandinsuranceto86% inwholesaletrade.2 Toaccountforthe

2Seetable7 -3 intheappendix.
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missingexplanatoryvariable, totalwagecosts areusedas analternativeproxy
forvalueaddedinsteadofsales.

Sincethe M IP -S datasetis derivedfrom surveyresponses, theextentofer-
roneous responses tothesurveyquestions andresultinglargeoutliers has tobe
considered. T heroleofoutlierswillbeinvestigatedbyemployingmedianregres-
sionmodels. Inmedianregressionmodels, estimatesareobtainedbyminimising
the sum oftheabsoluteratherthan the sum ofthe squared residuals sothat
outliersarediscardedintheestimationprocess.

Finally, thedirectapproachtoestimatingtheproductionfunctionhas been
criticisedbecauseitignoresthesimultaneitycreatedbytheinputandoutputde-
cisions(G rilichesandM airesse19 9 7 ). T heproblemofsimultaneitycanbesolved
byinstrumentalvariable(IV ) estimation. A ppropriateinstrumentsfor…rm level
dataincludethepredeterminedinputlevelsfrompreviousperiods(G rilichesand
H ausman19 86, M airesseandH all19 9 5). H oweverinputlevelsfrompreviousperi-
odsarecurrentlynotavailableandthisparticularproblemwillonlybeaddressed
asfuturewavesoftheM IP -S datasetbecomeavailable.

3.D atadescription

O urempiricalanalysis isbasedonthe…rstwaveoftheM annheim ServiceInno-
vationpanel(M IP -S)whichcontains informationfor19 9 4. T his surveyhasbeen
conductedtoexaminetheinnovation behaviourofservice…rms (fordetails see
L ichtandM och, 19 9 7 ). A pproximately2550 …rmsparticipatedinthe…rstwaveof
theservicepanelofwhich1629 …rmsarelocatedintheW estand9 24intheEast
(seetable7 -2 intheappendix). T hekeyvariablescoveredbythestudyaresales,
investment, theskillstructureoftheworkforceandalargenumberofquantita-
tiveandqualitativedummyvariables(productandprocess innovations, e¤ectsof
innovation, R &D activities, importanceofexternalsourcesofknowledge).

Skillis measured bytheemployee’s levelofeducationalquali…cation. T he
originaldatabasedistinguishesbetween…veskillclasses: (1) polytechnicoruni-
versitygraduateswithengineeringornaturalsciencedegrees, (2) polytechnicor
universitygraduateswitheconomicsorsocialsciencedegrees, (3)technicalcollege
graduates(”Fachschulabschluß”), (4)vocationalschoolgraduates, and(5)workers
withoutanyadvanceddegreeorapprentices. Toobtainmeaningfullysizedskill
classes, wecombined(1) and(2) intothehigh-skilledclass(universitygraduates,
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H ) and(3) and(4) intomedium-skilledlabour(workerswithvocationaldegree,
M ).T hetotalworkforceisthesumofthethreeskillgroups. O utputismeasured
bytotalsales innominalprices. Expendituresonmaterialsarenotavailable. IT
isde…nedby19 9 4 investmentininformationandcommunicationtechnology. IT
includes expendituresoncomputers, peripheralequipment, andsoftware. Total
gross investmentisalsoprovided. Inordertoavoiddoublecounting, wesubtract
IT investmentfromtotalinvestmenttoobtainnon-IT investment.

Incompleteinformationongrossinvestment, IT investment, employeesbyskill
class, or…rm characteristics ledtoareductionofthesampleto1231 W estG er-
man…rms (fordetails seetable 7 -2 intheappendix). Furthermore, weexcluded
observationsdroppedthatcontainedimputeddata. Imputedvaluesforemploy-
mentandsalesreducedthesamplesizeto1219 intheW estand7 13 intheEast.
Finally, threeobvious outliers (investmenttosales ratioexceeds 200 % , 400 %
in theEast) wereremoved from thesample (seetable 7 -2 in theappendix for
details).

T hedatasetcontains a signi…cantnumberofentries forwhich investment
orIT investmentequals zero. O utofthetotalsampleof1218 …rms, 27 3report
zeroexpendituresforeithertotalinvestmentorIT investment, ofwhich89 …rms
reportzeroexpenditures forbothtotaland IT investment. 96outof27 3 …rms
reportpositivetotalinvestment, butzeroexpendituresforIT expenditures. T he
remaining 88 …rms reportpositive IT expenditures, butzerototalinvestment
expendituressuchthatIT expendituresexceedtotalinvestmentexpenditures. In
thesecases, theresultingnegativenon-IT investmenthas beenreplacedbyD M
1. T helargenumberof…rms(88 outof1218)whichreportzerototalinvestment
…gures, butnon-zeroIT investmentindicatesthepresenceofreportingerrors.

Table3-1 reports averagesandstandarddeviationsofthekeyvariablesused
forthe estimation. D escriptive statistics are reported separately fortheEast
andW estG ermansamples. Sincesampleweightsarenotused, thesampleisnot
representativeandshouldbeinterpretedwithcaution.3 15 % ofthesamplereport
auniversityorhighertechnicalcollegedegreeastheirhighestlevelofeducation.
T he corresponding …gure forEastG erman …rms is 23 % . T he proportion of
medium-skilled labouris 60 % with amedian of65 % whileunskilledworkers
accountforapproximately25 % oftheworkforce.

3A lthough anon-response analysis is done atthe Z EW , sampleweights are notused to
calculateadjustedratios.
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Table3.1: SummaryStatistics
Variable(x) M eany M e- Std. M in. M ax. x= 0 x= 1

dian dev (% ) (% )
W estG erman…rms (n= 1218)
H igh-skilledlabour, H 37 3 2 69 0 80 0 0 2 7:7
M edium-skilledlabour, M 315 2 0 3370 0 1070 0 0 2 :1
U nskilledlabour, U 186 6 1693 0 52 0 0 0 2 4:4
G ross investment(M illD M ) 13:4 0:2 5 168 0 5563 14:5
IT investment(M illD M ) 2 :2 0:0 5 32 0 10 63 15:2
H share(% ) 14:9 5:6 2 1:7 0 10 0:0 2 7:7 0:5
M share(% ) 59:6 65:0 2 8:3 0 10 0:0 2 :1 8:6
U share(% ) 2 5:5 15:2 2 8:1 0 10 0:0 2 4:4 0:8
N on-IT inv., % ofsales 5:2 1:0 12 :4 0 132 :0 14:5
IT inv., % ofsales 1:3 0:3 2 :9 0 4 2 :0 15:2
EastG erman…rms (n= 7 11)
H igh-skilledlabour, H 2 9 4 198 0 4 0 0 0 16:2
M edium-skilledlabour, M 86 17 2 95 0 4 350 2 :8
U nskilledlabour, U 4 9 3 2 0 9 0 3330 34:0
G ross investment(M illD M ) 5:6 0:2 5 2 3:6 0 30 0 13:2
IT investment(M illD M ) 0:56 0:0 4 5:8 0 150 14:9
H share(% ) 2 2 :8 10:4 2 6:6 0 10 0:0 16:2 0:7
M share(% ) 57:6 64:8 2 9:2 0 10 0:0 2 :8 7:3
U share(% ) 19:6 8:9 2 6:6 0 10 0:0 34:0 1:4
N on-IT inv., % ofsales 15:4 2 :1 37:4 0 30 2 :0 12 :5
IT inv., % ofsales 2 :0 0:5 5:9 0 9 4:0 14:5
yT hemeansgiveninthetablearearithmeticmeans.
Source: M annheim ServiceInnovationPanel19 9 5.
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W eobservethelowlevelsofinvestmentrelativetototalsaleswhicharechar-
acteristicofservicesector…rms. D espitetherapidIT accumulationthathasbeen
takingplaceintheservicesector, theunweightedaverageofIT investmentasa
percentageofgrosssalesamountsto1.3% in19 9 4correspondingtoabout17 %
oftotalaverageinvestment.

Table3-2 contains informationon…rms’industrya¢liation, sizeclasses, ex-
portbehaviourandinnovationvariables. A numberof…rm-speci…cheterogeneity
controlvariablesareincludedintheregressionequations, amongthemsectorand
sizedummies. Firm sizeisde…nedbynumberofemployeesand…rmsaredivided
into…vesizeclasses: thereferencegroup has less than 10 employees, thethree
medium-sized classes arede…ned as 10-19 , 20-49 , and 50-249 employees, while
large…rmsarede…nedtohavemorethan250 employees. A bout17 % outof1218
W estG erman…rmshavelessthan10 workers. In19 9 4, 36% ofW estG ermanand
23% ofEastG erman…rmsbelongedtoacorporategroup. T heshareofexporting
…rms is 24 % . T heservicesectorisbrokendowninto10 subsectors. A mongthe
service…rms, someregroupingofindustrieswasfoundtobenecessary. Industries
withalargenumberof…rms suchasmarketservicesaresplitup intocomputer
andrelated software(N A CE 7 2); R &D labs andtechnicalconsultants (N A CE
7 31, 7 42, 7 43);businessconsultants, legalservices, andaccounting(N A CE 7 41);
andotherbusinessactivities includingcleaningandadvertising(N A CE 7 44-7 46,
7 48, 633, 641).

Table 7 -5 in theappendix shows thesectoralbreakdownofIT and non-IT
investment, bothin% oftotalsales. A smentionedbefore, sampleweightsbased
on anon-responseanalysis arenotused. Computerand R &D labs as wellas
business services possess the expected higherIT intensity than the remaining
sectors. W holesaleandretailtradeexhibitverylowIT investmenttosalesratios,
a resultwhich should be interpreted with some caution. O ne reason forthe
lowIT investmenttosales ratiomay be the high shareofmaterialinputs in
thesesectors. W holesaletrade, transport, andcommunityservices (inparticular
sewage, sanitation)canalsobeclassi…edascapital-intensiveindustries.

Table3-4 reports theskilldecomposition atthesectorallevel. T he service
sectorcanbedi¤erentiatedonthebasis ofknowledgeintensityexpressedas an
industry’s proportionofworkers with auniversityorhighercollegedegreeout
oftotalworkers. T hemostskill-intensivesectorsarethecomputer/softwareand
R &D laboratories andtechnicalconsultingsectors, as wellas business services
(consultants, legalservices, accounting). Inthesesectors, theshareofuniversity
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Table3.2: SummaryStatistics(D ummyVariables, percentageshareoftotal)
W est East

(O B S= 1218) (O B S= 7 11)
Sectordistribution(N A CEclassi…cationinparenthesis)
W holesaletrade(51) 17:6 11:8
R etailtradeandrepairs (50 ;52 ) 12 :9 10:3
Transport(61;62 ;63;64 ;excl. 632 ;64 1) 12 :9 14 :3
B ankingandinsurance(65;66;67) 17:0 11:0
R ealestateactivitiesandrenting(70 ;71) 6:2 9:4
Computerandrelatedsoftware(72 ) 6:8 4 :8
R &D labs, technicalconsultants(731;74 2 ;743) 4:9 16:0
B usinessconsultants, legal, accounting(74 1) 6:2 4 :4
O therbusinessactivities, cleaning, advertising 13:5 13:4
(74 4 ¡74 6;74 8;633;64 1)
O thercommunityservices, sewage, sanitation 2 :1 4 :5
(90 0 ¡9 2 4 )
Sizedistributionintermsoftotalemployees, L :
Size1: L < 10 17:2 2 2 :0
Size2: 10 · L < 20 18:6 14 :3
Size3: 20 · L < 50 18:8 2 2 :6
Size4: 50 · L < 250 2 4:5 2 8:9
Size5: L ¸250 2 1:0 12 :1
O therindicators:
R &D performer 18:1 13:4
Exporter, 19 9 4 2 4:3 8:6
Partofindustrialconglomerate, 19 9 4 36:6 2 3:8
N otes: T hemeansgiveninthetablearearithmeticmeans. Performanceindicator
dummies: exporter= 1 if…rm hasearnedpositiverevenuesfrom exportsfor19 9 4.
Partofindustrialconglomerate= 1 if…rm isparenttoorsubsidiaryofanother…rm
in19 9 4. R &D = 1 if…rm isoccasionallyorcontinuouslyengagedinR &D activities.
Source: M annheim ServiceInnovationPanel19 9 5.
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graduatesliesbetween30 and45 % (onM icroCensusbasisaswellasM IP -S data
set). Bankingandinsuranceaswellasrealestateandcommunityservicescanbe
classi…edasmedium-skill-intensiveindustries. Finally, wholesaleandretailtrade,
transportandotherbusiness services (cleaning, advertising) canbeclassi…edas
low-skill-intensive. W holesaleandretailtradeandotherbusinessserviceactivities
tendtohaveamajorityofmedium- andunskilledlabour. A comparisonofthe
high-skilledshareandIT investmenttosalesratioprovidesinformalevidencethat
thesectorswhichareskill-intensivearetheonesthatuseIT intensively.

T hesurvey’sresponserateisrelativelylowwhichsuggeststhat…rmspartici-
pateselectively. Sincethequestionnairecontainsanumberofinnovation-related
questions, itispossiblethatthesampleisdisproportionallycomprisedofinnova-
tors. H owever, comparableindicatorsofIT orcommunicationinvestmentatthe
sectorallevelarenotavailablesoitisdi¢culttoquantifywhetherinnovatorsare
oversampled.4

ToexaminetherepresentativenessoftheM IP -S surveyparticipants, theaver-
ageskillstructureinthe19 9 5 waveoftheG ermanL abourForceSurvey(’M icro
Census’), asurveyatthelevelofthe individual, is examinedbyaddingacross
participantswhoareemployedinoneoftheservicesectorindustries. Table3-4
comparestheskillstructureofthetwodatasetsandreportsonlyminordi¤erences
inthehigh-skilledshares. A crosssectors, however, theshareofunskilledworkers
intheM IP -S …rmdatasetexceedsthecorresponding…guresintheG ermanM icro
Censusconsiderably.

4Ingeneral, sectoralinformationforIT expendituresisnotavailable. Forthetotaleconomy,
EIT O reportsaIT /G D P ratioofaround2.1 % forG ermanyfor19 9 7 . T hisratiodoubledto4.2
% whencommunicationtechnologyis included.
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Table3.3: Q uali…cationstrucureinG ermanserviceindustries
Q uali…cationStructure(% shareoftotalworkforce)

M IP -S ’9 5a M icroCensus’9 5a;b
H c M U O bs. H M U d O bs.

W estG erman…rms
W holesaletrade 9:4 65:6 2 5:0 2 14 7:7 76:4 15:8 57 65
R etailtrade, repairs 4:0 72 :6 2 3:5 157 5:0 78:1 16:9 19669
Transport 4:3 51:8 4 3:9 157 6:2 75:2 18:6 4556
B anking/insurance 14:7 71:9 13:5 2 07 11:5 78:9 9:6 7 118
R ealestate/renting 14:9 64 :0 2 1:1 76 12 :3 73:6 14:1 1102
Computer/software 4 4:7 4 4 :6 10:7 83 39:4 52 :8 7:7 108 7
R &D labs/consult. 4 4:8 4 2 :9 12 :2 60 39:0 52 :1 8:7 549 9
B usinessservices 32 :3 53:6 14:2 75 34:5 55:7 9:8 29 65
O therbus. services 8:8 4 8:3 4 2 :9 164 10:0 67:9 2 2 :1 5513
Communityservices 16:0 4 3:1 4 0:8 2 5 17:6 53:2 2 9:2 39 04
TotalServiceSector 14:9 59:6 2 5:5 12 18 18:7 65:8 15:5 101338
EastG erman…rms
W holesaletrade 10:4 66:2 2 3:5 84 17:4 77:1 5:6 850
R etailtrade, repairs 12 :8 70:7 16:5 73 7:1 84 :8 8:2 4504
Transport 5:2 66:1 2 8:7 10 2 6:1 90:7 3:2 109 6
B anking/insurance 2 0:7 67:6 11:7 78 19:2 75:5 5:3 9 25
R ealestate/renting 17:8 70:2 11:9 67 19:5 78:1 2 :4 37 5
Computer/software 55:1 4 1:1 3:8 34 52 :4 39:7 7:9 111
R &D labs/consult. 58:7 35:4 5:9 114 4 4:7 4 9:9 5:4 9 86
B usinessservices 31:0 51:5 17:5 31 35:6 55:7 8:6 426
O therbus. services 11:5 52 :1 36:5 95 8:9 82 :2 8:9 1328
Communityserv. 14:1 4 5:8 4 0:1 32 30:4 62 :3 7:3 9 22
TotalServiceSector 2 2 :7 57:6 19:6 711 15:9 77:2 6:9 11523
aD atarefersto19 9 4. b T hestatisticsarebasedontheG ermanM icroCensusPublicU seFile
whichcontains 7 0 % ofthecompleteM icroCensus. T heG ermanM icroCensusisbasedon
a1% sampleoftheG ermanpopulation. T hesurveyis limitedtoemployedworkersduring
the survey referenceweek A pril19 9 5. Employmentshares by educationalcategory are
calculatedastheproportionoftotalworkers(includingself-employees) ineachofthethree
educationalcategories. cM eans weighted byemploymentin parenthesis. d A pprentices
included
Source: M annheim ServiceInnovationPanel19 9 5, M icroCensusPublicU seFile.
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4.D eterminantsoftheskillstructure

Inordertoquantifythemainfactorsbehinda…rm’s skillintensity, theemploy-
mentsharesareregressedagainstthepotentialdeterminantsdiscussedabove.

A s noted earlier, 28 % ofthe 1218 W estG erman sample…rms donotem-
ployhigh-skilledlabourcausingtheuniversitygraduatesemploymentsharetobe
censoredbelow. Initially, wedonotexclude…rmswitheitherzeronon-IT orIT
investmentexpenditures, butinsteadreplacezerovaluesbyD M 1. Table4-1 re-
portstheresultingmaximumlikelihoodestimationresultsfortwovariantsofthe
Tobitmodel, aswellasthetwo-stageestimationmethodforthesampleselection
model. T he…rsttwocolumns showtheresultsfortheTobitmodels, wherecol-
umn(1) contains theresults forthestandardhomoscedasticmodelandcolumn
(2) allows thedisturbances tobeheteroscedastic. SincetheL R test-statisticof
approximately455 indicatesthattheheterocedasticitymodelcannotberejected,
the interpretation ofthe Tobitresults is concentratedon theheterocedasticity
model. Forboth Tobitspeci…cations marginale¤ects arecomputed. Columns
(3) and (4) showtheresults forthe sample selectionmodel. Forthetwo-step
H eckmanmodelwedonotconsidercensoringintheuppertailofthedistribution
whichmaynotintroduceaseriousbiassincethegraduatesshareequalstoonefor
onlysixofthesample…rms. W e…rstestimateaProbitmodelwhichidenti…esthe
factors in‡uencingthe…rm’sdecisionofwhethertoemployuniversitygraduates.
T hecoe¢cientson…rm sizearepositiveandsigni…cantatthe…ve-percent-level,
suggestingthattheprobabilityofemployinguniversitygraduatesdependsonthe
…rm size(seecolumn3 in Table4-1). Incontrast, allofthe…rm sizedummies
areinsigni…cantinbothoftheTobitmodels. N otethattheinverseM illsratiois
signi…cantwhenaddedasanindependentvariableinthestructuralequation.

T hemainresultis thesigni…cant, positiverelationship betweentheshareof
universitygraduatesandIT investment. T heIT investmente¤ectremainssigni…-
cantandrobustacrossallspeci…cationsandismirroredintheresultsfortheEast
G ermansubsample(seeappendix). T heseresultsthussuggestthatanincreasein
theIT investmenttosalesratiowouldraisea…rm’sskillintensity. Turningtothe
sizeoftheIT impactontheuniversitygraduates share, aconsistentlylowvalue
isfoundfortheIT semi-elasticityacrossallmodelswhichissomewhatsurprising.
T heIT semi-elasticitybasedonthesampleselectionmodelisslightlylargerthan
theIT semi-elasticitiesbasedonO L S fortherestrictedsample(O L S resultsnot
shownduetospacelimitations). T he IT impactincreases from 0.006to0.008
whentheinverseM illsratioisincludedintherestrictedsample’sestimation. T he
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estimatedcoe¢cientsofthesampleselectionmodel, however, di¤eronlyslightly
compared tothe standard Tobitmodelwhich is reasonablesincethe…rm size
dummies aretheonlyvariables whichappearin the Probitselection equation,
butnotinthestructuralequation.5 T hesampleselectionmodel’s IT coe¢cient
of0.008 translates intoarelativelysmallelasticityof0.054% .6 T husanincrease
intheIT investmenttosalesratiobyonestandarddeviation(50 % )wouldonly
raisetheaverage…rm’shigh-skilledlabourshareby0.03percentagepointsfrom
14.9 % to15.2 % . ForEastG erman…rms, theIT impactis slightlysmaller. A n
IT coe¢cientofaround0.006translates intoanelasticityofthehigh-skilledem-
ploymentsharewithrespecttotheIT investmenttosales ratioof0.03 % (see
table7 -5). A llinall, thelowquantitativee¤ectsofIT andnon-IT investmenton
theuniversityemploymentsharesuggestthatother- unobservable- factorsmay
playanimportantroleinexplainingskillintensityatthe…rm level.

5 A ccordingtoL eungandYu(19 9 6) thecriticalpointoftheperformanceoftheH eckman’s
estimatoriscollinearitybetweeninverseM ill’sratioandtherighthandvariablesinthestructural
equation. H owever, thelowR 2 ofapproximately0.023ofaregressionoftheinverseM illsratio
ontherighthandvariables instructuralequationindicatesthatcollinearityisnotaproblem.

6T heelasticityiscomputedas"H;IT Q =¯IT =sH where¯IT denotestheestimatedIT coe¢-
cientinthesampleselectionmodelandsH isthesamplemeanofthehigh-skilledlabourshare
basedonthefullsample(obs= 1218), thus"H;IT Q =0 :0 0 8=0 :1 49.
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Table4.1: Tobitmodelsfortheuniversitygraduatesemploymentshare(W est)
Sampleselectionmodel

Tobit H et. Structural ProbitSe-
Tobita model lection(H > 0)

marg. t- marg. t- co- t- marg. t-
e¤.b st. e¤.b st. e¤ stat e¤.b st.

itq :0 0 9 5:6 :0 0 6 4 :4 :0 0 8 3:4
iq ¡:0 0 3 ¡2 :3 ¡:0 0 2 ¡1:9 ¡:0 0 4 ¡2 :6
itq£computer :0 2 0 2 :9 :0 50 3:6 :0 35 3:8
itq£tech. cons. :0 4 3 4:5 :0 66 4 :3 :0 67 4 :4
itq£bus. scvs. ¡:0 12 ¡1:9 :0 2 3 1:6 ¡:0 18 ¡2 :1
itq£computer ¡:0 10 ¡2 :5 ¡:0 11 ¡2 :1 ¡:0 10 ¡1:9
W holesaletrade ¡:0 50 ¡3:3 ¡:0 51 ¡3:8 ¡:074 ¡3:1 ¡:19 ¡3:7
R etailtrades ¡:0 9 4 ¡5:7 ¡:0 88 ¡8:8 ¡:150 ¡5:7 ¡:2 5 ¡5:2
Transport ¡:10 0 ¡5:9 ¡:0 80 ¡6:2 ¡:158 ¡5:8 ¡:30 ¡5:8
R ealestate :0 0 6 0:3 :0 0 1 0:0 :0 18 0:6 ¡:0 5 ¡0:7
Computer :2 0 6 4:9 :364 6:0 :365 6:4 :2 3 2 :5
Tech. cons. :395 8:2 :517 7:1 :597 8:1 :17 1:8
B usinesssvcs. :0 56 1:5 :2 31 3:7 :110 2 :1 :0 6 0:6
O therbus. svcs ¡:0 4 3 ¡2 :7 ¡:0 60 ¡4 :9 ¡:076 ¡3:1 ¡:2 0 ¡4:3
Comm. svcs. :0 0 6 0:2 ¡:0 15 ¡0:3 :0 57 1:1 ¡:17 ¡2 :1
10· L < 20 :0 0 8 0:6 :0 4 7 2 :3 :10 2 :9
20·L < 50 :0 0 8 0:5 :0 35 1:7 :13 3:3
50·L < 250 :0 12 0:8 :0 4 9 2 :6 :32 8:0
L 2̧50 :0 07 0:4 :0 4 1 2 :2 :53 10:9
Exporter :0 39 3:7 :0 2 1 2 :3 :0 56 3:4 :13 3:7
Ind.Conglom. :0 2 9 3:1 :0 16 2 :3 :0 39 2 :5 :10 3:1
R &D :0 4 9 4:3 :0 14 1:7 :075 4 :2 :18 3:6
Inv. M ills R atio :2 2 3 8:7
Constant :0 86 4:2 :0 33 1:3 :0 97 3:7 :0 2 2 :0
L oglikelihood ¡10 3:3 12 3:5 ¡50 9:2
P seudo/A dj.R 2 :747 :4 65
O bservations 12 18 12 18 881 12 18
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N otes: L owercasevariables denotelogarithms. O bs. summaryfortheTobitmodels:
337 left-censoredobs. with EH = 0 and6right-censored obs. with EH = 1. Z ero
valuesforIT Q orIQ havebeenreplacedbyD M 1. R eferencegroupforsectordummies
is banking/insurance, forsizeclasses size1. a T hecoe¢cientsoftheheteroscedastic-
itytermshavebeenomitted. b D isplayedcoe¢cients aremarginale¤ects, thepartial
derivativesofexpectedvaluewithrespecttothevectorofcharacteristics.

a

T he coe¢cients on the interaction terms between the sectordummies and
the IT ornon-IT investmenttosales ratioare statistically signi…cantin three
cases rejecting a uniform investmentimpacton the university graduates em-
ploymentshare. Forsectorswhichhavehistoricallybeen IT intensive, namely
computer/softwareandR &D labs, we…ndthatIT investmentisassociatedwith
greaterskillintensity. Forthecomputerindustry, the IT interactioncoe¢cient
liesbetween0.020 and0.050, dependingonthemodelspeci…cation, causingthe
IT elasticityforthesectortoexceedtheaverageIT elasticityby13to36% . T he
impliedtotalIT elasticitythusranges from 0.10 to0.16% . ForR &D activities
andtechnicalconsultants, our…ndings implyanexcessovertheaverageIT elas-
ticityof29 to44 % basedon IT slopecoe¢cients rangingfrom 0.043to0.066.
TheimpliedtotalIT elasticitythusliesbetween0.12 and0.14 % . T heIT slope
coe¢cientforbusinessservicesimpliesthatIT hasaninsigni…cantlysmallere¤ect
onthegraduatesemploymentsharethantheaverageoftheothersectors.

T heremainingexplanatoryvariables havetheexpected sign. T henegative
relationshipbetweenthenon-IT investmenttosalesratioandthegraduatesshare
highlights thefactthatcapital-intensiveindustries employasmallerfractionof
universitygraduates. T hesizeofthecoe¢cientonthenon-IT investmenttosales
ratiois, however, rathersmall, and ranges from -0.006to -0.003 across model
speci…cations. T hus, a 50 % increase in the investmentratiowould imply a
declineinthehigh-skilledemploymentsharefrom 14.9 to14.7 % basedonthe
estimatedsampleseclectionmodel.

Forthe24% of…rmswhichexportin19 9 4, we…ndthatexportingreinforcesthe
positiverelationship foundbetween IT investmentandtheemploymentofhigh-
skilledlabour. T his…ndingisconsistentwithourconjecturethatexporting…rms
concentrateextensivelyonhuman-capital-intensiveproductsrelativeto…rmsthat
donotengageinexportingactivities. T hecoe¢cientontheownership dummy
indicatesthat…rms inanindustrialconglomerateusemoreskill-intensivelabour
thantheircounterparts. A …rm’s R &D activitiesmayalsoinduceittoemploya
moreskilledlabourforceasthepositivecoe¢cientonR &D engaging…rmsshows.
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A lmost18 % ofthe…rms in thesamplecontinuouslyoroccasionallyengage in
R &D .7

Inourestimationofthehigh-skilledshareequation, wehavenotyetaccounted
forthelargeshareof…rms thatreportzeroexpenditures forIT ornon-IT in-
vestment. Consequently, thecoe¢cients forIT andnon-IT investments in the
standardTobitorsampleselectionmodel(seetable4-1) maybebiasedtowards
zero. N otethat15.5% ofW estG erman…rmsreportIT investmentsofzeroand
14.7 % reportzeronon-IT investment. Excluding…rmswhichreportzeroexpen-
dituresforeitherIT ornon-IT investmentreducesthesamplesizeto9 45. Simply
eliminatingthenon-investing…rms introduces aselectionbias intotheanalysis.
T herefore, weapplyaTobitsampleselectionmodel(seeequation2.4). T hese-
lectionrulefollowsadiscretechoicemodeltocharacterisethose…rmsthatreport
non-zerovalues forIT ornon-IT investment. T heresults fortheTobitsample
selectionmodelandtheProbitselectionequationaredisplayedintable7 -6inthe
appendix. ComparedtotheH eckmantwo-step estimationusingthehigh-skilled
labourselectionrule, thesimultaneousestimationoftheProbitselectionequation
andtheTobitmodelyields onlyminordi¤erences. Forinstance, the IT coe¢-
cientbasedonthesampleselectionTobitmodelofaround0.018 isquitesimilar
tothecoe¢cientbasedonstandardTobitmodel. T heIT interactioncoe¢cient
forbusinessservices, however, issigni…cantlypositiveinthesampleselectionTo-
bitmodel. Similarlytopreviousmodels, thecoe¢cientsonR &D , exportersand
industrialconglomeratearestatisticallysigni…cantlyandveryclosetoprevious
resultswithoutaninvestmentdecisionrule.

Toinvestigatetheimportanceofoutliers, weestimatethehigh-skilledshare
equationusingL A D methods basedon arestricted sampleconsistingsolelyof
…rmswithbothpositiveinvestmentandhigh-skilledworkers. Column1 oftable
4-2 showsasampleselectionmodelinvestigatingthe…rm’sdecisiontoinvestin
bothIT andnon-IT capitalandtoemployhigh-skilledworkers.

7 Inapreviousversionofthepaperweincludedummiesforprocessandproductinnovations
aswellasadummyvariablefororganisationalchange. Sincethesevariablesareindicatorsofthe
technologicalchangeratherthetechnologicallevel, weexcludedthesedummyfrom theshare
equations.

23



Table4.2: SampleselectionandL A D modelsexcludingzerodemandsforIT and
non-IT investmentandhigh-skilledlabour

Sampleselectionmodel
Selection Structural O L Sa;b L A D a;c

equation modela

marg. t- coe¤. t- coe¤. t- coe¤. t-
e¤. stat stat stat stat

itq :0 17 3:6 :0 17 3:7 :0 0 6 1:9
iq ¡:0 0 5 ¡2 :1 ¡:0 0 4 ¡1:6 ¡:0 0 4 ¡2 :4
itq£comp. :0 99 4 :8 :10 1 5:0 :115 4:4
itq£tech. cons. :073 3:3 :0 66 2 :8 :10 4 2 :1
itq£bus. svcs. :0 2 9 1:2 :0 2 3 0:8 :079 1:3
iq£computer ¡:0 0 9 ¡1:4 ¡:0 0 9 ¡1:1 ¡:0 2 1 ¡1:5
W holesaletrade ¡:2 16 ¡4 :1 ¡:0 66 ¡2 :6 ¡:0 13 ¡0:7 ¡:0 33 ¡1:8
R etailtrade ¡:2 0 4 ¡3:6 ¡:12 1 ¡4 :4 ¡:071 ¡5:0 ¡:0 4 8 ¡3:8
Transport ¡:2 86 ¡5:0 ¡:14 6 ¡5:0 ¡:073 ¡4:1 ¡:0 4 8 ¡3:8
R ealestate ¡:072 ¡1:0 :0 0 2 0:1 :0 2 2 0:8 :0 2 5 0:8
Computer :191 2 :4 :606 6:2 :568 5:4 :614 3:4
Tech. cons. :195 2 :3 :611 6:2 :532 4:8 :74 6 3:4
B usinesssvcs. :110 1:5 :2 98 2 :9 :2 4 5 2 :0 :4 75 2 :1
O therbus. svcs. ¡:2 2 2 ¡4 :0 ¡:075 ¡2 :8 ¡:0 18 ¡1:0 ¡:0 36 ¡2 :7
Comm. svcs. ¡:172 ¡1:6 :0 4 3 0:7 :0 9 9 1:7 :0 15 0:1
10· L < 20 :10 2 2 :1 ¡:070 ¡2 :0 ¡:0 54 ¡1:4
20· L < 50 :198 4 :0 ¡:110 ¡3:5 ¡:12 7 ¡6:1
50· L < 250 :4 0 9 8:3 ¡:161 ¡5:3 ¡:14 7 ¡6:8
L 2̧50 :60 4 10:7 ¡:193 ¡6:4 ¡:165 ¡7:7
Exporter :14 1 3:6 :0 69 4 :0 :0 37 2 :5 :0 11 0:9
Ind. Congl. :10 1 3:0 :0 4 4 2 :6 :0 16 1:3 :0 18 2 :2
R &D :2 0 9 4 :5 :0 80 4 :1 :0 34 2 :3 :0 36 3:6
InverseM illsratio :2 19 8:1
Constant ¡:14 2 ¡2 :8 :0 93 2 :4 :2 32 8:0
P seudo/A dj. R 2 :2 91 :50 8 :50 4 :334
O bservations 12 18 74 2 74 2 74 2
N otes: L owercasevariablesdenotelogarithms. D ependentvariableistheuniversitygrad-
uates employmentshare. Furtherinformation aboutthe independentvariables can be
found inthenotes toTable4-1. aSampleexcludes zerovalues forH , IT andnon-IT in-
vestment. bO L S estimatescorrectedforheteroscedasticity. cL A D estimatesarebasedon
bootstrappedestimatesofthevariance-covariancematrixoftheestimators.
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T he remainingcolumns in table 4-2 report L A D results forthe restricted
samplebased solelyon …rmswhichreportpositive investmentandhigh-skilled
employmentshares. W eagain…ndthee¤ectofIT tobesigni…cantlypositive, but
rathersmall. ComparedtothebaselineO L S model, theIT coe¢cientshrinksby
ahalfwhentheL A D regressionmethodisused.

Table4-3 shows theestimates forun- andmedium-skilledlabour. Sincees-
timationbasedonthetwo-stageH eckmanmodelyields similarresults, onlythe
estimates fortheheteroscedasticTobitmodelareshown. ExceptforR &D labs
andcomputer/softwareindustries, theIT investmenttosalesratioisnotsigni…-
cantlyrelatedtothemedium-skilledemploymentshare. Forcomputing…rmsand
forR &D labs, ahigherIT investmenttosales ratiois associatedwithalower
medium-skilledemploymentshare.
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Table 4.3: H eteroscedasticTobitM odels formedium-skilled andunskilled em-
ploymentshares(O B S= 1218)

M edium-skilledlabour U nskilledlabour
Share H eterosc. Share H eterosc.

equation Terms equation Terms
marg. t- coe¤. t- marg. t- coe¤. t-
e¤. stat stat e¤. stat stat

itq ¡:0 0 2 ¡0:7 ¡:0 0 9 ¡0:9 ¡:0 0 7 ¡2 :4 ¡:0 18 ¡1:4
iq :0 0 2 0:7 ¡:0 10 ¡1:3 :0 0 2 1:3 ¡:0 0 9 ¡1:2
itq£banking :0 11 2 :2 :0 13 0:5
itq£comp. ¡:0 4 1 ¡2 :6 :133 2 :6
itq£consult. ¡:0 2 9 ¡1:9 ¡:0 53 ¡0:7
itq£oth. bus. svcs. :0 2 5 2 :1 ¡:0 0 8 ¡0:3 ¡:0 17 ¡1:8 :0 0 3 0:1
iq£comp. :0 15 1:8 :0 2 8 1:2
iq£comm. svcs. :0 9 0 2 :9 ¡:12 2 ¡1:6
W holesaletrade ¡:10 5 ¡4 :9 ¡:398 ¡4 :5 :0 14 0:3 ¡:366 ¡3:2
R etailtrade ¡:0 35 ¡1:6 ¡:518 ¡5:8 ¡:0 0 1 0:0 ¡:586 ¡5:3
Transport ¡:2 63 ¡7:9 ¡:636 ¡7:2 :14 8 3:2 ¡:657 ¡6:1
R ealestate ¡:10 9 ¡3:4 ¡:52 8 ¡5:4 ¡:0 19 ¡0:4 ¡:50 5 ¡4:3
Computer ¡:394 ¡4 :3 :2 68 3:2 ¡:114 ¡2 :3 :2 0 6 1:2
Tech. consult. ¡:4 36 ¡5:9 :2 65 2 :9 ¡:0 63 ¡1:4 :195 1:1
B usiness svcs. ¡:2 53 ¡7:5 :64 2 5:9 ¡:0 4 3 ¡1:0 :573 3:0
O therbus. svcs. ¡:133 ¡1:7 :2 15 1:8 :0 34 0:5 :2 61 1:3
Communitysvcs. ¡:380 ¡4 :9 1:137 3:4 :4 52 4 :9 :4 91 2 :7
10·L < 20 ¡:0 0 4 ¡0:1 ¡:0 0 8 ¡0:1 :132 3:9 :180 1:0
20·L < 50 :0 16 0:5 :350 3:0 :154 4 :7 :132 0:7
50·L < 250 ¡:0 2 1 ¡0:7 :4 97 2 :3 :2 2 1 6:6 :616 2 :5
L 2̧50 ¡:0 70 ¡2 :1 :319 1:4 :2 76 7:5 ¡:178 ¡0:4
Exporter ¡:0 2 4 ¡1:4 ¡:0 14 ¡0:2 ¡:0 0 1 ¡0:1 :0 4 1 0:6
Ind. Congl. :0 15 0:9 ¡:0 2 5 ¡0:4 ¡:0 31 ¡2 :3 ¡:131 ¡2 :1
R &D :0 07 0:4 ¡:14 4 ¡2 :1 ¡:0 2 3 ¡1:5 ¡:110 ¡1:4
Constant :74 2 14 :9 ¡:0 63 ¡1:3
PseudoR 2 :2 9 4 :311
H et. Test 164 :7 167:2
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N otes: L owercasevariablesdenotelogarithms. D ep. var.: column(1) shareofworkers
with vocationaldegree, column (2) shareofworkers withoutadvanced degree. O bs.
summary forthe medium-skilled employmentshare: 25 left-censored obs. with EM
= 0 and 105 right-censoredobs. with EM = 1. Fortheunskilled shareequation: 29 7
left-censoredobs. withEU = 0 and10 right-censoredobs. withEU = 1.

M oreover, theunskilledlabourshareis signi…cantlynegativelyrelatedtothe
IT investmenttosalesratio. T henegativerelationshipbetweentheIT investment
tosalesratioandunskilledlabour, ontheonehand, andthepositiverelationship
betweenthe IT investmenttosales ratioandhigh-skilled labour, on theother
hand, indicateacomplementaritybetweenIT capitalandtheskillstructureofa
…rm’s labourforce. A ccumulationofIT capitalfavours skilledlabour. W ealso
…ndthatthecoe¢cientonthenon-IT investmenttosalesratioisnotsigni…cant
atthe…ve-percent-levelforbothmedium- andunskilledlabourshares. Exporting
…rmsand…rmsthatarepartofalargercorporategroupuselessunskilledlabour
whichis inlinewithaconcentrationonskill-intensiveproductsbythese…rms.

T heresultsforthethreeemploymentshareequationsweretestedforrobust-
ness. First, we includedquadraticinvestmentterms ineach employmentshare
equation, …ndingonlyaweaksigni…canceofthequadraticlogIT share. Second,
weusedthelogIT investmenttototalwagecostratioinsteadofthelogIT invest-
menttosalesratioasasecondproxyforvalueadded. Insomesectors, totalwage
costisabetterproxyforvalueaddedthantotalsales, buttheresultsfortheIT
coe¢cientsremainrobust. A lastpointconcernsthecausalitiyoftherelationship
betweeninformationtechnologyandthehigh-skilledsharesincethe…rm’schoice
ofIT investmentandskillstructuremaybejointlydetermined. T hissimultaneity
problem is, however, di¢culttoaddressonthebasisofcross-sectionaldataand
wewillpostponeafurtherinvestigationoftheseissuesuntilthesecondwaveof
theM IP -S isavailable.

5.O utputcontributionsofhumancapitalandIT

A sstatedinsection2, twospeci…cationsfortheproductionfunctionwillbeinves-
tigated, theCobb-D ouglasproductionfunctionaswellasthetranslogproduction
function. O utputisafunctionofthe…veinputs, ninesectordummiesandthree
dummyvariablesforexporters, R &D andownership.

Twosamplesareused, thefullsampleof1218 …rmsandarestrictedsample
excluding…rms with zeroexpenditures forboth types ofinvestmentandhigh-
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skilled labour. In addition, onecouldexclude…rms thatdonotemployeither
medium-skilledorunskilledworkers. T hiswouldreducethesamplesizeto586
…rms. H owever, sincethe sizeand signi…canceofthe input-outputelasticities
wereremarkablysimilartotheresultsfromthelargersamples, theresultsarenot
displayed.

R esultsfortheCobb-D ouglasspeci…cationusingasampleselectionmodelare
reported intable 7 -8. Inaddition, theCD -productionfunction is estimatedby
amedianregressionmodelandtheresultingstandarderrorsarebasedonboot-
strappedestimatesofthevariance-covariancematrixoftheestimators. Estimates
fromthemedianregressionmodelareobtainedbyminimisingthesumoftheab-
soluteratherthanthesumofthesquaredresiduals. T hisapproachaimstocorrect
forpossibleoutlierswhicharelikelytoariseina…rmleveldataset. Boththesam-
pleselectionmodelaswellasthemedianregressionmodeloftheCD production
functionyieldparametersforthedi¤erenttypesoflabour, non-IT investmentand
IT investmentwhichhavetheexpectedsignsandaresigni…cantatconventional
levels. Exceptfortheinput-outputelasticityofvocationalschoolgraduates, the
regressionresultsarethusnotoverlysensitivetotheuseofdi¤erentspeci…cations.

T heestimationresultsforthetranslogproductionfunctionareshownintable
5-1 contrastingatranslogproductionfunctionforthefullsamplewithasample
selectionmodelwhich explains thedecision toemployatleastonehigh-skilled
workerandtoinvestin both IT andnon-IT investment. N otsurprisingly, the
inverseM illsratioisnotsigni…cantsincethetranslogproductionfunctioncontains
quadratictermswhicharegoodproxies for…rm size, theidentifyingvariablein
theselection equation. T hegeneralresults havebeentestedagainstrestricted
functionalforms, andthetest-statistics forhomogeneityofdegreeoneandthe
Cobb-D ouglasfunctionalform arereported. T hechi-squaredstatisticof407 for
thespeci…cationtestofaCobb-D ouglasversustranslogfunctionalformallowsus
torejecttheappropriatenessoftheCobb-D ouglasspeci…cation. Similarly, linear
homogeneityininputs isrejected.

T heoutputelasticitiesreportedintable5-1 havebeenevaluatedatthemean
ofthe inputs, thus ´i = ® i+

P
j°ijln(X j). A lloutputelasticities arepositive

andstatisticallysigni…cant. A lthoughsomeoftheestimatedparameters arein-
signi…cant, thecorrespondingexplanatoryvariableshavenotbeenexcludedfrom
theanalysis tosustaintheelasticities’‡exibilityacross …rms andsectors. O ur
results justify the assumption ofa strictly quasi-concave production function.
U nderquasi-concavity, the H essianmatrixD 2 Y = D 2 f(H ;M ;U;I T;K ) has to
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benegativede…nite. T hepercentageofobservationswhichsatisfythisregularity
conditionisapproximately50 % .8 M onotonicityoftheproductionfunction, i.e.
positive…rm-speci…cinput-outputelasticities, issatis…edby55 % oftheobserva-
tions. 250 outof1218 …rms shownegativenon-IT investment-outputelasticities
basedonthesimpleO L S model. ForIT investmentandunskilledlabour, nega-
tiveoutputelasticitieswerefoundfor15 % oftotalobservations. Forhigh- and
medium-skilledlabour, negativeoutputelasticitieswerefoundin5.5 and1.7 %
oftotalobservations. A s expected, theresults fortherestricted samplesignif-
icantlyreducethesetofnegativeoutputelasticities. Sincethe Breusch-Pagan
heteroscedasticity statistic indicates thattheresidualvariancedepends on the
explanatoryvariables, t-statisticsarebasedonheteroscedasticity-consistentstan-
darderrors. Toconservespace, wereportonlyinput-outputelasticitiesbasedon
thesamplemeanandthedistributionoftheinput-outputelasticities (see…gures
intheappendix).

T hekey results can be summarised as follows. Both IT expenditures and
high-skilled labourmakesigni…cantcontributions tooutputas indicatedbyan
IT elasticity of0.14 and ahigh-skilled labourelasticityof0.16(based on the
fullsampleandevaluatedatsamplemeans).9 T hus, a1 % increaseinIT would
raisetheoutputlevelby0.14 % . Concerningthenon-IT factors, medium-skilled
labour(vocationalschoolgraduates as wellas foremen and technicians) is the
mostimportantproduction factor. T he outputelasticity ofvocationalschool
graduatesis0.49 whilethecontributionofnon-IT capitaltooutputisabout0.08.
O utputelasticities showaconsiderablevariabilityacross…rms(see…gures inthe
appendix). M oreover, R &D isassociatedwithahigherproductivitylevel.

8 T hedeterminantsarecalculatedforeachdatapoint.
9 T he relative high value ofthe outputelasticity ofIT capitalmay partly be due broad

de…nitionofIT (includingsoftwareandcommunicationequipment) aswellas theomissionof
materialsasaninputintoproduction.
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Table5.1: Productionfunctionestimates, translogspeci…cation(W est)
SampleSelectionM odel

T L production Structural Selection
function modeld equation

coe¤. t-stata coe¤ t-stat coe¤ t-stat
´H 0:160 8:6 0:136 3:7
´M 0:4 9 0 2 2 :1 0:4 2 4 10:0
´U 0:132 9:0 0:0 83 3:6
´K 0:0 80 7:4 0:138 6:8
´I T 0:139 9:2 0:2 2 0 7:4
W holesaletrade ¡0:974 ¡9:2 ¡1:12 8 ¡7:4 ¡0:2 16 ¡4 :1
R etailtrade ¡1:2 15 ¡10:6 ¡1:2 60 ¡7:6 ¡0:2 0 4 ¡3:6
Transport ¡1:659 ¡13:8 ¡1:80 8 ¡10:0 ¡0:2 86 ¡5:0
R ealestate/renting ¡1:0 82 ¡7:7 ¡1:32 5 ¡7:2 ¡0:072 ¡1:0
Computer/software ¡1:898 ¡13:0 ¡2 :0 4 4 ¡11:8 0:191 2 :4
R &D /tech. consult. ¡1:94 5 ¡12 :3 ¡2 :0 89 ¡11:2 0:195 2 :3
B usinessservices ¡2 :0 57 ¡14:4 ¡2 :312 ¡13:9 0:110 1:5
O therbusinesssvcs ¡1:885 ¡16:2 ¡1:655 ¡10:0 ¡0:2 2 2 ¡4 :0
Communityservices ¡1:54 7 ¡7:0 ¡1:4 2 4 ¡4:6 ¡0:172 ¡1:6
Size2: 10· L < 20 3:372 18:9 0:10 2 2 :1
Size3: 20· L < 50 ¡0:10 1 ¡1:0 0:198 4 :0
Size4: 50· L < 250 0:0 19 0:2 0:4 0 9 8:3
Size5: L ¸250 ¡0:0 37 ¡0:3 0:60 4 10:7
Exporter ¡0:110 ¡1:3 0:193 2 :0 0:14 1 3:6
Ind. Conglomerate 0:2 38 3:3 0:167 1:9 0:10 1 3:0
R &D 0:172 2 :6 ¡0:116 ¡1:1 0:2 0 9 4 :5
InverseM ills R atio ¡0:177 ¡0:6
Constant 3:30 4 16:8 3:2 3 7:2 ¡0:14 2 ¡2 :8
Spec. test1b;test2c 312 :96 7:2 9
A dj-R 2 0:80 8 0:82 8
O bservations 12 18 74 2 12 18
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N otes: D ependentvariable is logsales. IT andK denote IT investmentandnon-IT
investment. respectively. H , M , and U denoteuniversitygraduates, vocationalschool
graduatesandunskilledworkers. Z erovaluesforIT andKhavebeenreplacedby0.000001
= D M 1. Z erovalues forH ,. M , orU havebeenreplaced0.1. Technologyis givenby:
lnQ = ® 0 +

P
i® ilnX i+ 1

2
P

i
P

j°ijlnX ilnX j:D isplayed elasticities are based
on the W ald-statistictotestthe hypothesis ofH 0 :´x = @ lnQ =@X = 0 . T he
referencegroupsarebankingandinsuranceforthesectordummiesandsize1 forthesize
classes. a D isplayedt-statisticsarebasedontheW hiteestimatorofthecovariancematrix
ofthe O L S estimator. b Speci…cation test, Cobb-D ouglas vs. translog speci…cations,
°ij= 08i;j:T hecriticalvalueisgivenbyÂ 2 [15]:95 = 2 5:0 . cTestforhomogeneity
ofdegreeone,

P
i®i+

P
i
P

j°ij= 1. T hecriticalvalueisgivenbyÂ 2 [6]:95 = 12 :6.

Sincemostotherstudiesarebasedonanarrowde…nitionofinformationtech-
nology, quantitativecomparisons ofourresults with thoseofBrynjolfsson and
H itt(19 9 5)arenotmeaningful. Furthermore, foranumberofreasonstheoutput
elasticitiesofnon-IT andIT investmentshouldberegardedwithcaution. First,
asnotedbyH allandM airesse(19 9 5), theuseof‡owratherthanstockdatatends
tooverestimatetheoutputelasticities.

O urownpreviousresultssuggest, however, thattheoutputelasticityofcapital
isnotparticularsensitivetothechoiceof‡oworstockdata. Second, theresults
aresensitivetotheinclusionof…rm e¤ects. U singpaneldata, B rynjolfssonand
H itt(19 9 5) reportthattheelasticityofIT capitaldrops from 10% to5 % once
…rme¤ectsareincluded. A quanti…cationofthisfactorwillbeundertakenoncea
M IP -S panelisavailable. A lastconcernarisesoutoftheuseofgrosssalesrather
thanvalue-addedasourproxyforoutput. H owever, inoneofthefewstudiesthat
useddataonbothgross sales andvalue-added, H alland M airesse(19 9 5) found
onlysmalldi¤erences intheestimatedoutputelasticities basedonvalueadded
ratherthansales.

Table7 -7 intheappendixcontrastsestimatedinput-outputelasticitiesderived
from the full-sample unrestricted O L S parameters forthe translogproduction
functionusingtwoalternativeproxiesforoutput, totalsalesandtotalwagecosts.
T hegreatestvariationbetweentheinput-outputelasticities basedontotalsales
andthealternativespeci…cationusingtotalwagecosts isobservedforuniversity
graduatesandIT investment. T heelasticityofIT capitaldropsfrom0.16to0.08
whentotalwagecostisusedasaproxyforvalueadded.
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6.Conclusions

T his paperhas presentedanumberoffactordemandmodels toinvestigatethe
linkbetweenskillintensityandinformationtechnologyatthe…rmlevelinservice
industries. O ureconometricmodelallows forcensoringatthelowerandupper
thresholdparametersoftheemploymentshare. Tobitsampleselectionmodelsare
employedtoaccountforzerovalues forbothtypes ofinvestment. W eexamine
thesensitivityoftheresultswithrespecttomodelspeci…cation, sampleselection
andvariablemeasurment. T hemostimportantresultisthepositiverelationship
betweentheshareofhigh-skilledworkersandinformationtechnology. Firmsthat
haveahigherproportionofinformationtechnology in totalsales employmore
universitygraduates. H owever, thesizeoftheIT e¤ectontheskillintensityis
rathersmall. T heresults indicatelittlesensitivitytodi¤erentmodelsandspeci-
…cations. M oreover, theinvestmentratioisnegativelyrelatedtothehigh-skilled
shareindicatingthatcapital-intensive…rms employless high-skilledworkers. A
moredetailedstudyofthefactorswhicha¤ect…rms’skillstructureindicatesthat
…rms’exportorientation, R &D orownership characteristicshavepositivee¤ects
onthechosenskillintensity. T heuniversitygraduatesshareisnegativelyrelated
to…rm size.

M oreover, weestimatethecontributionofhumanand IT capitaltooutput
usingaproductionfunctionframework. Theresultsforthetranslogproduction
functionshowthattheoutputcontributionsbyuniversitygraduatesandIT capital
areapproximately0.14and0.16, respectively. M edium-skilledlabour(vocational
schoolgraduatesaswellasforemenandtechnicians) is themostimportantpro-
ductionfactor. Incontrast, non-IT capitalandunskilledlabourplayonlyaminor
roleintheserviceproductionprocess. O urresults su¤erfrom severalshortcom-
ings whichwehopetoaddress in futurework, forexample, theskillstructure
ofthe…rmmaylargelybedependentonunobservablefactors, aswellasrelative
wagesfordi¤erenttypesofskills.
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7 . A ppendix

7 .1.Furtherdescriptivestatistics

Table7 .1: D e…nitionofServiceSectors
Sector 3-dgtN A CE D escription

W holesale 511 W holesaleonafeeorcontractbasis
trade 513 W holesaleoffood, beveragesandtobacco

514 W holesaleofhouseholdgoods
515 W holesaleofnon-agriculturalintermediate
516 W holesaleofmachinery, equipment& supplies
517 O therwholesale

R etail 501 Saleofmotorvehicles
trade 502 M aintenanceandrepairofmotorvehicles

503 Saleofmotorvehiclepartsandaccessories
504 Sale, maintenanceandrepair

ofmotorcyclesandrelatedparts
521 R etailsaleinnon-specializedstores
522 R etailsaleoffood, beveragesandtobacco
524 O therretailsaleofnewgoods
525 R etailsaleofsecond-handgoods
526 R etailsaleofmailorder

Transport 602 O therlandtransport
611 Seaandcoastalwatertransport
621 Scheduledairtransport
622 N on-scheduledairtransport
631 Cargohandlingandstorage
634 A ctivitiesofothertransportagencies

Financial 651 M onetaryintermediation
Intermediation 652 O ther…nancialintermediation

660 Insurance
67 1 A ctivitiesauxiliaryto…nancialintermediation

R ealEstate 7 01 R ealestateactivitieswithownproperty
andR ental 7 02 L ettingofownproperty
A ctivities 7 03 R ealestateactivitiesonafeeorcontractbasis

7 11 R entingofautomobiles
7 12 R entingofothertransportequipment
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Sector 3-dgtN A CE D escription
Computing 7 21 H ardwareconsultancyandsupply

7 22 Softwareconsultancyandsupply
7 23 D ataprocessing
7 24 D atabaseactivities
7 25 M aintenanceandrepairofo¢ce,

accountingandcomputingmachinery
7 26 O thercomputerrelatedactivities

R esearch& 7 31 R esearch& developmenton
development, naturalsciences, engineering
technical 7 32 R esearch& developmenton
consultants socialsciences, humanities

7 42 A rchitecturalandengineeringactivities
Consulting 7 41 L egal, accounting, book-keeping
(business scvs) andauditingactivities
O therbusiness 7 44 A dvertising
services 7 45 L abourrecruitment, provisionofpersonnel

7 46 Investigationandsecurityactivities
7 47 Industrialcleaning
7 48 M iscellaneousbusinessactivities

Community 9 00 Sewageandrefusedisposal, sanitation
socialand 9 11 B usiness, employersandprof. organizations
personnel 9 13 A ctivitiesofothermembershiporganizations
services 9 21 M otionpictureandvideoactivities

9 22 R adioandtelevisionactivities
9 23 O therentertainmentactivities
9 24 N ewsagencyactivities
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Table7 .2: M issingvalues
W estG ermany EastG ermany

R espon- M issing R espon- M issing
dents values(% ) dents values(% )

Participating…rms 162 9 92 4
U niversitygraduates, H 14 33 12 :0 835 9:6
Vocationalschoolgraduates,M 14 77 9:3 84 9 8:1
U nskilledworkers,apprentices, U 14 70 9:8 852 7:8
G ross investment, inc. IT 14 98 8:0 854 7:6
Inv. incommunicationandIT 14 9 2 8:4 84 6 8:4
Exporter, 19 9 4 1617 0:7 914 1:1
Partofind. conglomerate, 19 9 4 1614 0:9 916 0:9
R &D 1575 3:3 893 3:4
IT investment= 0, 19 9 4 14 98 8:0 854 7:6
N on-IT investment= 0, 19 9 4 14 9 2 8:4 84 6 8:4
Completeinformation(allvariables) 12 31 731
O utliersa 1 2
Imputeddata(sales, employment) 12 18
O bservationsused 12 18 2 4 :5 711 2 2 :0
N otes: a O utliers arethose observations forwhich non-IT investmenttosales ratio
exceeds200 % and400 % forEastandW estG erman…rms, respectively.
Source: M annheim ServiceInnovationPanel19 9 5.

Table7 .3: Shareofmaterialandlabourexpenditures intotaloutput(W estG er-
many19 9 4)

M aterials L abour Capitaland
(% ) (% ) grosspro…ts (% )

W holesaletrade 86 9 5
R etailtrade 82 13 5
Transport 50 2 9 2 1
Banking/insurance 35 31 34
Personalservices 38 18 4 3
M arketservices 61 2 0 19
Source: N ationalaccounts. O wncalculations
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Table7 .4: IT andnon-IT investmentaspercentofsalesbysector
W estG ermany EastG ermany

M ean Std.
dev.

M ax. O bs. M ean Std.
dev.

M ax. O bs.

IT investment
W holesaletrade 0:5 1:0 7:1 2 14 0:5 1:0 6:0 84
R etailtradeandrepairs 0:6 1:3 11:3 157 1:1 3:8 31:3 73
Transport 0:8 1:6 11:9 157 0:9 2 :0 15:4 10 2
B ankingandinsurance 1:1 2 :8 2 6:1 2 07 1:4 5:8 5:0 78
R ealestateandrenting 1:4 3:7 2 6:0 76 3:0 12 :6 94 :2 67
Computerandsoftware 3:3 3:2 15:9 83 7:1 11:8 58:1 34
R &D labs, Consultancy 3:0 4:0 2 5:0 60 3:6 4 :7 33:3 114
B usinessservices 2 :6 4:3 32 :3 75 2 :6 2 :7 10:0 31
O therbusinessactivities 1:0 3:5 4 1:7 164 1:1 2 :4 16:7 95
Communityservices 1:9 3:9 17:3 2 5 1:1 3:2 18:5 32
N on-IT investment
W holesaletrade 2 :3 3:5 2 4 :5 2 14 3:5 6:1 30:9 84
R etailtradeandrepairs 4:3 10:6 77:6 157 5:7 18:6 156:3 73
Transport 13:6 18:2 12 4 :0 157 4 0:5 57:8 30 2 :3 10 2
B ankingandinsurance 2 :1 8:4 76:8 2 07 1:4 3:5 2 6:2 78
R ealestateandrenting 12 :5 2 0:8 84 :2 76 53:1 71:2 2 93:2 67
Computerandsoftware 2 :0 4:0 2 6:0 83 4:9 10:6 57:8 34
R &D labs, Consultancy 4:9 9:8 4 5:3 60 7:6 14 :4 75:0 114
B usinessservices 4:7 13:0 77:4 75 4:4 8:6 36:7 31
O therbusinessservices 2 :7 6:4 55:3 164 6:8 16:3 132 :8 95
Communityservices 15:3 2 8:4 131:8 2 5 19:4 2 5:4 10 4 :2 32
Source: M annheim ServiceInnovationPanel19 9 5
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7 .2.Furtherestimationresults

Table 7 .5: Tobitand sampleselectionmodels forthehigh-skilled employment
share(EastG erman…rms)

Tobitvariants Sampleselectionmodel
Tobit H et. Tobit Structural Selection

model equation
marg. t- marg. t- coe¤. t- marg. t-
e¤. stat e¤. stat stat e¤. stat

itq :0 0 8 3:0 :0 0 4 1:5 :0 0 6 1:7
iq ¡:0 0 4 ¡1:8 ¡:0 0 2 ¡0:8 ¡:0 0 4 ¡1:7
itq£retailtrade ¡:0 15 ¡2 :3 ¡:0 0 3 ¡0:4 ¡:0 15 ¡1:8
itq£banking ¡:0 18 ¡2 :1 :0 07 0:6 ¡:0 13 ¡1:4
itq£computer ¡:0 15 ¡2 :3 :0 0 8 0:7 ¡:0 13 ¡1:5
iq£transport :0 11 2 :1 :0 0 8 1:3 :0 13 1:9
iq£banking ¡:0 2 0 ¡3:3 ¡:0 2 3 ¡2 :2 ¡:0 17 ¡2 :5
W holesaletrade :163 2 :4 :070 0:8 :0 98 1:2 ¡:0 0 1 ¡0:0
R etailtrade :0 69 0:9 :0 2 6 0:3 :0 19 0:2 ¡:0 0 6 ¡0:1
Transport :117 1:7 :0 4 6 0:5 :0 2 7 0:3 ¡:118 ¡3:0
R ealestate :2 38 3:5 :103 1:1 :2 10 2 :5 :0 0 5 0:1
Computer :4 69 6:8 :4 4 5 3:7 :54 0 6:0 :2 68 5:4
Tech. consult.
B usiness svcs. :30 1 4 :2 :168 1:5 :310 3:2 :0 2 8 0:5
O therbus. scvs. :172 2 :5 :0 4 2 0:5 :10 0 1:2 ¡:0 30 ¡0:8
Communitysvcs. :2 07 2 :9 :0 66 0:6 :168 1:9 :0 18 0:3
10·L < 20 :0 0 4 0:2 :0 63 1:9 :0 62 2 :0
20· L < 50 ¡:0 34 ¡1:6 :0 62 2 :1 :12 7 4:1
50·L < 250 ¡:0 4 4 ¡2 :2 :0 62 2 :0 :2 10 5:8
L 2̧50 ¡:0 4 8 ¡1:9 :0 68 2 :1 :2 63 5:0
Exporter :0 93 3:8 :0 36 1:0 :12 3 3:3 :0 62 1:4
Ind. Conglomerate ¡:0 0 9 ¡0:5 ¡:0 0 5 ¡0:3 ¡:0 16 ¡0:6 :0 2 2 0:7
R &D :0 57 2 :7 :0 4 3 2 :3 :0 67 2 :1 :0 0 8 0:2
InverseM illsR atio :34 0 5:8
Constant ¡:0 37 ¡0:6 0:0 2 0:3 ¡:0 50 ¡0:7 :0 32 1:0
L oglikelihood ¡7:2 4 86:0 2
Pseudo/A dj. R 2 :93 :573
O bservations 711 711 596 711
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N otes: L owercasevariables denote logarithms. D ependentvariable is theuniversity
graduates employmentshare. O bservation summary forthe Tobitmodels: 105 left-
censoredobservationswithEH = 0 and 10 right-censoredobservationswithEH = 1.
Z erovaluesforIT andI havebeenreplacedbyD M 1. D uetosmallsamplesizes, thetwo
sectorscomputer/softwareandR &D /technicalconsultantshavebeencombinedintoone
singlesector. Banking/insurancewasusedasareferencegroup forthesectordummies
andsize1 forthesizeclasses. Furtherinformationabouttheindependentvariablescan
befoundinthenotestoTable4-1.
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Table 7 .6: FIM L andtwo-stageL eastSquares estimatesofthesampleselection
Tobitmodel(universitygraduatesemploymentshare, W estG erman…rms)

FIM L 2SL S
Investment Structural
selection model

coe¤. t- coe¤. t- coe¤. t-
stat stat stat

itq :0 18 3:5 :0 13 3:3
iq ¡:0 0 3 ¡1:3 ¡:0 0 2 ¡1:2
itq£computer :0 96 4 :9 :0 96 5:5
itq£tech. consult. :0 85 4 :0 :0 83 4:2
itq£businesssvcs. :0 4 9 3:3 :0 4 4 2 :5
iq£computer ¡:0 13 ¡2 :4 ¡:0 13 ¡2 :4
W holesaletrade ¡:4 2 1 ¡2 :8 ¡:0 56 ¡2 :0 ¡:0 59 ¡2 :7
R etailtrade/repairs ¡:2 13 ¡1:3 ¡:115 ¡3:3 ¡:0 9 0 ¡4:1
Transport ¡:332 ¡2 :0 ¡:139 ¡4 :1 ¡:10 8 ¡4:7
R ealestate/renting ¡:181 ¡0:9 :0 0 6 0:2 ¡:0 0 1 0:0
Computer/software :2 2 5 1:0 :562 6:6 :565 6:7
R &D labs/tech. con. :132 0:6 :670 7:1 :654 7:4
B usinessservices :2 4 8 1:1 :361 5:2 :34 5 4:3
O therbusinessscvs ¡:50 9 ¡3:2 ¡:0 4 4 ¡1:6 ¡:0 55 ¡2 :5
Communityservices :0 86 0:3 ¡:0 2 2 ¡0:6 :0 14 0:3
Size2: 10·L < 20 :2 77 2 :2
Size3: 20· L < 50 :610 4 :4
Size4: 50·L < 250 :932 6:7
Size5: L 2̧50 1:163 7:2
Exporter :14 1 1:3 :0 67 4 :0 :0 59 4:0
Ind. Conglomerate :0 82 0:8 :0 4 1 2 :5 :0 32 2 :4
R &D :4 63 3:2 :0 60 2 :9 :070 4:1
Constant :2 68 1:9 :160 3:8 :119 3:4
InverseM ills R atio :155 4:1
Sigma :195 4 3:4
R ho= corr("2 ;! 2 ) :2 70 1:0
O bservations 12 18 94 5 94 5
N otes: D ependentvariable is the university graduates employmentshare. Selection
is basedon the…rm’s decision toinvestin both IT andnon-IT capital. O bservation
summary: 237 left-censoredobservationswithIT Q and/orIQ = 0. Furtherinformation
abouttheindependentvariablescanbefoundinthenotestoTable4-1.
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Table7 .7 : Input-outputelasticitiesbasedondi¤erentproxiesforoutputusingthe
translogproductionfunction

D ependentvariable
L og(sales) L og(totalwagecosts)

coe¤. t-stat coe¤. t-stat
´H 0:157 4:0 0:2 19 9:1
´M 0:4 0 7 9:5 0:389 13:0
´U 0:0 59 2 :5 0:14 9 10:3
´K 0:12 3 6:3 0:0 4 4 4:0
´I T 0:168 6:0 0:0 83 4:9
A dj. R 2 0:9 2 5 0:84 8
O bservations 1164 1164
N otes: O bservationsforwhichtotalwagecostsweremissingweredroppedreducingthe
samplesizeto1164. O utputelasticitiesarebasedontheestimatedunrestrictedtranslog
speci…cationparameters. IT andK denoteIT investmentandnon-IT investment, re-
spectively. H , M , andU denoteuniversitygraduates, vocationalschoolgraduates and
unskilledworkers. Z erovaluesforIT andK havebeenreplacedby0.000001 = D M 1.
Z erovaluesforH , M , orU havebeenreplaced0.1.
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Table7 .8: SampleselectionmodelandL A D oftheCD Productionfunction(W est
G erman…rms)

Sampleselectionmodel
Selection Structural M edian
equation M odel regression

coe¤. t-stat coe¤. t-stat coe¤. t-stata

L og(H ) 0:183 5:2 0:14 8 3:2
L og(M ) 0:330 9:2 0:362 7:5
L og(U ) 0:0 88 4:3 0:0 34 0:9
L og(K) 0:0 4 5 4:1 0:0 4 7 4:2
L og(IT ) 0:2 84 10:0 0:2 12 5:4
W holesaletrade ¡0:2 16 ¡4:1 ¡0:866 ¡5:8 ¡1:0 77 ¡5:6
R etailtrade ¡0:2 0 4 ¡3:6 ¡1:0 2 4 ¡6:3 ¡1:159 ¡5:2
Transport ¡0:2 86 ¡5:0 ¡1:4 07 ¡8:2 ¡1:74 0 ¡8:6
R ealestate/renting ¡0:0 72 ¡1:0 ¡1:0 15 ¡5:3 ¡0:969 ¡4:6
Computer/software 0:191 2 :4 ¡2 :186 ¡11:9 ¡2 :116 ¡11:2
R &D /tech. consult. 0:195 2 :3 ¡2 :2 60 ¡11:4 ¡2 :12 9 ¡10:4
B usinessservices 0:110 1:5 ¡2 :4 75 ¡13:7 ¡2 :397 ¡13:2
O therbusinesssvcs. ¡0:2 2 2 ¡4:0 ¡1:507 ¡9:7 ¡1:82 0 ¡7:6
Communitysvcs. ¡0:172 ¡1:6 ¡1:188 ¡3:6 ¡1:0 62 ¡2 :5
10· L < 20 0:10 2 2 :1 ¡0:0 55 ¡0:4
20· L < 50 0:198 4:0 0:186 1:2
50· L < 250 0:4 0 9 8:3 0:517 2 :8
L ¸250 0:60 4 10:7 0:883 3:7
Exporter 0:14 1 3:6 0:0 96 1:0 0:187 3:0
Ind. Conglomerate 0:10 1 3:0 0:115 1:2 0:12 9 2 :0
R &D 0:2 0 9 4:5 ¡0:2 4 1 ¡2 :2 0:0 15 0:1
InverseM ills R atio ¡0:664 ¡2 :7
Constant ¡0:14 2 ¡2 :8 3:85 13:8 2 :97 9:2
P seudo/A dj. R 2 0:2 39 0:814 0:614
O bservations 12 18 74 2 74 2
N otes: D ependentvariable is logsales. IT and K denote IT investmentand non-IT
investment, respectively. H , M , and U denoteuniversitygraduates, vocationalschool
graduatesandunskilledworkers. Forthefullsample, zerovaluesforIT andK havebeen
replacedby0.000001 = D M 1. Z erovalues forH , M , orU havebeenreplaced0.1. a

T -statisticarebasedonbootstrappedestimatesofthevariancecovariancematrixofthe
estimators.
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Figure7 .1: D istributionofinput-outputelasticitiesbasedontherestrictedsample
(west)
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