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A nonrednical sunmary

W hilke in the 19 &s the public qoinian fearad that computercotralied ma
diness waud esatually replece blle collarwarkars, many pegpke nonedays are
afrad that infomation ted oy (IT) culd eplece the midde manegament
Similarly, transaction acst theary implies that the number ofmanegers auld be
shaply aitdue O the intooucian ofIT (| alneadR adart1991). T hus the
aetical analysss as well s infamal evidence sugsst thatt the prevalant spreed
OfIT in all gpes oF atteprises may a ect the skl studiure within ..ims. Ser
vice ..1ms are heawvy usars of information tednokgy: [N partaular;, knonkedoe
intensive serie activities sudn as softnare R &D and tednical asuling aswell
a5 buainess serviass have a relatiely hidh share ofinfamatian tednolagy in total
autput A mag all sectars, the serviae sectoris prae 1o be sevarely ao ected ad
10 epaiaxe the mastsigi.. catdangss fram the nse ofIT .

Empirncalwark an the inkbetnean infaomatian tednolagy and skilk hes used
both estebismentand industry datas H onever; due to data imitatias, a lxge
number of studies have Toasad an manuediuning rather then service sedars.
Empiral resuls attre .. bBel orthe U S suggsst that a higherdemand for
information tednolagy is assodated with a higherski il el of the workdoree or
ahigerpragportiaon of ski lied warkers. Studies basad an industry data shovwv that
e inaeese In the share ohvhite cdlbrwakars is pasitively aonelated with the
industries” inftial IT 1o total inestmatt ratio

T his pgperanalysss the inkbetineen infomatian tednology and warkers™ skilll
bealfortel aman sericessdor: 0 urresuls shovthatinformatian tednology
hes asmall butsign..cantimpactan the anployment share of university ged
uates. T his ..nding implies that..mms with hiderIT inestment 1o saks ratics
empby a kg fradion of univarsity geduaies affter aaroling for.m size
indLstry a¢ atian, eqoarters andR &D perfomers. H onever; the quantitative ef
Btis ratherweek 4 50% inaeeseinthelT inestmenttosaks rationwauld anly
ked tha nise in the univarsity geduates share fran 149 ©152 % . T heimpact
ofIT inestmattan the univarsity geduates share is stragsstforski lintensive
sErice activties (business serviass amnputeradR &D Hos). Furthbermare the
enpbymeant share of uskilied Boauris as eqectied necatinvely relied 1o the
IT inestmat o saks ratia U sing a trarskog pradudctiaon fonctian o assess the
productivity of dic erantinput ctars, we ..nd thatboth human and informatiaon
pital make signi. at autput caontributians.



1. InTductian

W hikinthel) &s public ginian feared thatcomputer aantrolied madiines cauld
evaLally erace the danand Torble cdllrwakars, the 199 0s have withessed a
public gpprehasian that informatian tednology (IT) may ieplace the midde
manecematt © ruder1988). A basic theastical justi..cation at the miaos

nanic bwel o this notian can be foud by panting 1o the lboaermargnal and
totlal asts eibited by IT pial relative o human gpital T he direrencss in
astwould suggsst a subostitution of IT Gpital Tor the mare epas\e manege

matand derial wakars, assuming similarmargnal praducts of IT and human
pial Simibrly ttansaction ast theary implies that the number of manegasrs
aud be astshaply due O te inttraductian of IT (| aloe ad R adart199 1).

T hus, thearetical analyses as well as infamal evdance sugsst that the prevaleic
soreed OFIT in all §pes oFatiexprises may ar ectthe sk ll structure within .. ims.

IntheUS,80% oOfIT epadturs areinested in the serice ssctor (B rynolisso
1992), 6 eman ..gures shavwvsimibbrtendandes. W ithin the serice sectiar; whoke

saktrak the..nance ad inurancee industries, and business seriass have shonn
the higestadption rates ofIT (| detridge 199 2). D ue o thesigi..cantroke of
IT, the sarvice sectoris prane 1 be severely a ected and 1o expearience the mast
sgi. catdangss fran the rise ofiIT .

T he Ink betineen both infomatian and ammunication Gpirtal and the skilll
structure hes been empircally analysad by anumberofstudies (forasuney ofthe
terature see Chavelb andV anR eren 1998). T he mgjarity of studies reies an
industry: bvel data o rielte the rate of dence in the employmentshare ofski lisd
Eoaur- ratherthen the bl ofthe enpbymantshare - o the industry’s inftial
IT ©OtoElinestmet ratio 1N aotrast o the public gpinian’s ears matiaed
aboe aacamnman ..nding indicaes the ampbematiarity ofIT pital and skilied
Ebaur: Beman Baxrd adt rlides (1994) aswellas i utr; Katz and Krueger
Q997) proaceU S evdne atthe TourdgtsSIC kel thatthe dange in the ast
share of sk liEd Ebauris paitively related 1o the industry’s inftial investmantin
aonputers. H askelandH eden (1999) presatsaimibar.. m- el resulls TorteU K
whiED ugetad( reenen (199 7) proade evdence that the dienge in the skill
structure is relted 1o the introduction of pracsss and praductinnovatians using
Faxdh..m bweldata 0 uranalysis ofthe determinants of.. m- belskllinesity
is doely relaied 1o the gpproadh presanted by B resnehan, B rynjolissan andH it
(1998). T he authars estimate a ../m- bvel demand Tnaion orIT pital besed
ar apael of3l1l US aompanies sgparating the wark farce into aolllege educaied
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warkers and prokessiaak. T har..ndings suggsstthatifa.. /im inaressss i'ts wark
faces skl el by ae standard deviation (inaeese of 25% ), its damand o
IT pital will e by goprodmately 135% . T he authars aonduce that skilll

IT canpbnatanty is the dominant ctorin eplning the damand Torskilied
Eoaur:

A related area of the Heralure examines the autput contribution ofinfoma
o ted oy in a praductian Tncian framenak T he resulls shonn by the
\arias studies honever; donotpainta casistatpidure. Esimates of the auk
putekstiaty of IT goital range fran 0.05 B rynolesan and H 1t1995) ar0.10
( idtaberglii5) 0.5 ( iditadil adh1997). T he.. istenostudies utseanun:
balbnasd panel of200-400 e U S. ..ims, ohvhnidn athird are service provders
tEen fran the ID 6 /anputernward suneys an IT spading Liditad il adh
(199 7) shawvevidaae ofa mudh higher autputekstiaty of IT eguipmentt besad
N IT usage datafran the Intematiacnal D ata Capaatiant emany’s 1T suney’
aducted Torasampke of 790 6 erman ..mims. U sing simi larly dissggrecated data
@ US business units L oaman (199 4), an the otherhand estimates that the
antribution ofinformatian Gpiral 1o ..nal autputis negigble.

A san altemative gppraadh L iderbarg (1995) andD enenandll in(L997) ©
as an tre margnal rate ofsubstitiLtian betnean dic erantttypes ofsk ik (induding
IT Eoaun), IT goital and other feciars ofpraduction. L idternberg (1995) ..nds
thataelT workeran be substituted Torsix nan T workers. Inaoiast, D enan
andll ins (199 7) resuls indicate an ebstiaty ofsubstitution ofgpprodmately ae
bethnen IT &pital and otherectars ofpraductian (Gpirtal and non dic erattiated
Ebaur).

In this pgper we hape 1 side step sane of the prdolams whidh may hae
antributed 1 the inaosistendes in the aboe studies by Toasing eplidtly an
e service ssector 1o provce sane mare indicative evdence of the aottributians
of IT 1o both productivity and the ..1im’s inputmix. T he motivation o the
dxace ofssctoris twolod. T he sectoral distribution ofiT suggests \estly dic ering
degress ochimpartenae ofiT by sectorand motivalies amaore detal lied study ofFthase
sctars inwWnidh IT gpital is highly aonaarated. |n addiion, a deta d study
of the service sectar an ehence aur undarstanding of the enpinal regubarties
ofthe tertiary sector; an arsavinare researdn hes bean Emirted despite the seckar™s
goning impartance in mostindustiialised aountries” econamies.

In the .. Ist part of the paper; the detaminants of the skl structure will be
eaninad. FalloningB resnehen etal (1998), we inesticate the inkbetneen IT
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and sklllinesty ratherthe rebetiaship betneen the dangeinskillintesity and
teintallT bel Thedataisdrannfron tel9I51 anham Servce lnnoatian
Panel (I IP-S) whidh hes previasly been aralysed by L idtarndll adh (199 7) and
Kaser(1998). D vuetodata imitatias wew lHoas primari ly an the subsample of
W estt eman..imsadedldettheEastt eman..ims from mostofauranalysis.
Sine the data sst indudess detaed .. im-spad...c daradieristics sudh as ..1ims”
agenisatiaal strudure and innovative activty, this pgperproidess newirnsigits
into the determinartts of hetexageneas .. Mms” skill decompasitias. T he seaod
partofthe pgperfoasss an the retum o human gpialand IT inestmat W e
goply atedbie uncticnal orm 1o estimate the production onction. In anrast
10 B rynalbson and H it (1995), we divide the Ebaur usd in the productian
procss into three separate skl dessss Wwhere high and medium-skillied Boaur
is messured by, respectinely, the number of university greduates and vocatiaal
school greduates emplbyed by a..m.

T he Iyautofthe pgperis as TOllons. Sectian2 autlines the econanetricmaockel
Sectian 3 desaribes and summarisss the datlas Insectias 4 ad 5, we presatthe
resuls Tor the Bor danand eguatias and the praductian function. Sectian 6
ancludes.

2. BEaxaonetricll ockel

2.1. Fector Shaxe equatias
2.11.M odel sped..catian

Toinesticate the ink betinen informatian tednology ad the kil intle sty oF
te . m, we enplby ctor danand equatias. || any econanetric studies of the
anpbnattaity ofT and skilied Ebaurhae used avariabke astiunction frame

wark 1O eanine whether sk ll intasity and tednology are paeitively conelated
inagvenacssssatian Q ansetal 1997). W egoplyasmibrstup de.nedoer
™o ques-..>xa&d tectars of productian; IT inestma e (IT ) and nan 1T investment
(K) ad three \variebk inputs; university geduates (H ), vocatianal sdhodl gradu

ates (| ), and waorkers withoutdegree induding gopratiass (U ). U singatrarskg
ast Tnaian and under hanaogpaty of degree are in pricss and hamothetia ty/

Shepards Bnma implies the Tolloning ast shares Tor the thiree tpes of BEbaur
(s=CharelbadVanR eren 1998):



0K PX ; X _ _
= = S= 0 5 FRER )+ K=Q )+
@I’P. C 5 Ui JHJ‘ ) i(r( Q)
Car IT=Q)+ y

where C denoies the ..im’s total acst; P ; the price ofinputi (1= H, U), ad
X ; the aanditicnal edordemand Torinputi. S; is thus the astshare Torthe tho
Bpes of BbaurandQ danotes total saks in naninal prass as a proky Torautput
W e namalise by the fctor price of medium-skilied Ebaur; Py . || ofe that the
medium-skilled Hbaur equation hes bean drgpped because the asst shares sum
it Thepaameters ;. ad ;; messure te e edts oftte N IT Gpital
tosaks ratio (K/Q ) and e IT pital tosaks ratio (IT /0 ) an the Ebaur ast
daes. | paitve aoet dattan the investment o autput ratio in the university
gaduates share equatian (4« > () indcatess Toreampk that epital is a
anpbnatt o skiied Boaur: Simibrly a paitinve coet dattan te IT ol
o auputratio indicates skl ted ooy ampbrnentaity. Ifboth |+ > 0 ad
uit < 0, then tednolkgy is skilbbissad. A ssuming a astantinestmant o
Gpital ratiq the inessttmat o autput ratiois tBken as aproy Tortre cepial
adtput ratioin the thoinestmattsedars, IT and nan T .

Sine Bdor pricss (e wagss by skl dess=s) are gernerally not aa kebke
atte.m ba are an anpby the skillgped..c enplbymait sharss o proky
the unknonn astsharess! Furthermarg assumiing thatt rielative wages (P /Py )
ar (Py/P, ) ae astantwithin industries, the e ects of reltive wagess an be
Gpotured by industry dummies. T he ganeral spaed.. catiaon used in the olloning
empirnal impkEmentatiaon reles the enmplbymattshares ofeadh skl s, E;, O
te g IT epadture © Al saks ratiq te bgM T epadture © ol
saks ratiq as Well s a sstofFgpprapriate aontrol \axiebkes

X
Ei = @it  FK=0)+ - HIT=0)x @ GHKQ)+ @1)

F1
X _ X _ X »
7@ H0T=0)) it nln+

F1 F1 m=1 n=1

ndn+ u

Lindustry: bvel infomatian an wagss Tor dic erateski ll gragps aauld be dotained fran wage
ad salary statistics. H onever; anly whokssak ad retal ttace transport and banking ad
inurance are eraed by the of dalt erman wace statistics.
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wherei=H, Il ,U;j= 1,...0 reertosnie industries; m = 1,...,4 daoke
szedbssss; adn= 1,..,3 are pefomanc indcatars (sse mare detal led desaip-
o belon). dis a dummy indicatorwnidh equak ae ifthe ..im is amamber
ofindustry §, hes size dess m, argual...es Tor perfomance indcatarn. Totest
whether the investmentimpact an any gven enployment share \aries by indus
oy we inducke interadian erects of e IT inesstmattar nan T inestma it
saks ratics and the industry dummies. A s a namalisatian, we exduded ae of
the industry ad size diessss eadh in the estimatian.  Since o pricss are not
induded itis notnecsssary o impase the aoditias ofsynmetry ad inearho
moageeaty in Bator pricss. Casaguatly, eech empbymant share equatian an
be estimatied separately by 0 L S. H onever; the degree of subsstitutsbi ity betnean
din erat types of Bobaurand infomatian tsdnology cannotbe ascartained when
enpbymat shares are usad and Bdorprias are notaa bbbk | paitive IT
axt daitin the anploymantshare equation forgeduates then simply indicates
that.. ims with hider IT investmat o saks ratics hae ahigerskillinlesity.

A ppropriate aontradl varisbkes N vwnidh may ar ect the skill conpasiian ofa
..M’ Boaurforee indude infomatian an the .. im’s epartaientatian, partidpa
T inR &D and onnarship Tom (partofindustrial conglomerate). |n partiaukar;
epataiattatian represats agood aatrol variable because the eparting activ
ity oft erman ..mms is aonaarrated in skl intensive goads and seriass.

2.12. Casoring ad sampke selectian Issues

W hen estimating enplbymant shaxre equatias several econanetric di¢ aulties
anse induding (1) asaing oftte enploymatshares (2) zexovalues Torboth
Bpes ofinestmatand (3) autliers due 10 reparting enars.

Emplymeant shares are baunded betneen 0 and 1 sudh et 0L S esimates
will be incosistentand a trtuncated regressian madel may be enmploy/ed insteed.
Furthermare the dosened datlaaatiain sanedustars ofzaio orae \valbiss Torae
armae \ariabks. T hase variables migitbe aasared etherin the upper @l (an
e ngt) arin the bnertal ofthe distribution Can the EfE). In this partiaulr
goplicatian the three enpbymant shares are aasared fran both sidss of the
distribution. T hus the aasared regressian model may be mare gppropriate then
e ttuncated regressian madel 1n the basic carnsorad riegressian model the troe
uderling dependattbvariabk v, Is a Tindian ofa setofindgpendantvariables
X



ye= Tkt %) (2)
whi ke the actLallly doserved \alle of the dependantveriebl, y is gven by

2L V- L
=_y= "%+ L<y<U
~ U v _ U

whereU andl denole the upper and Ioner casaing baunds, respectinvely.
ThevalbessTory ify -1 ay _ U aeuxdsernaed. Equatian 2.2 is avaeriaitor
ﬁerdtmccblvﬁdwalb/\sﬁ*CHerlglnbdhmlscftredsmbunm ITthe
residuak are namally distributed eguatian 22 Gan be estimated by maxdamum
llkelihood methaos. T he assumptias of the stendard T doirt model inducde aan
saring an ae sice of the distribution and the hamascadestia ty of the disturbance
tems. H anosaaedestidty willl be violied thoudh, ifthe variance is Tareampke
prapartical toae ofthe riegessas arits suae. Inthis eaeg trell L -estimator
oftre T dortmadelis inasistait W ew il conectiorpotatial hetercscadestiaty
by usingamultiplicatiine hetercscadestic T doitmadel whidh sped.. es the variance
of the emar taxms as var (') = %4 = %' exp(%;y). In this ped..catian, z is a
set ofindgpendat variabks that passibly adnddes with the eplbnatory set of
\ariabks X Intheanaentgoplicatian, allvariabks exaptiotheaastaitaein
dudd in the heterascadsstia ty Tonaion and the hetexasasdestic madel is tested
aganst the hanosaadestic baese madel using a kellhood ratio st (st e
1997).

A notherway 1o estimate the enploymant share equatias Ollons the grer
alissdH edkman gppraedh (T ype2 T doitmader). T he o step H edkianan metihad
is relied 10 but Ess restricive then the T doitmodel sinae the parameters ex
plEning the ..MM’ dedsian  enply ahigh, medium-, arusk ied worker are
notarstranad toequal oo thoe eplEning the el arenplbymentshare ofeedh
ofthe skl diessss. T he o stege methad aasists ofa P rdoit selbectiaon eguatian
and the structiural equatiat

zy = %?V1+$1 23

Z, =

|
|
X
+
-
-
N
N
c

y =



where v; is vector asisting of .. mm size and ssctordummies, the Iogs ofthe
IT iniestmat © saks ratio ad the inestmat o saks ratiq and other cotrdl
\ariabks. 0 neshartcomingofthis gopraadh is thatthere a Bvpotentialvaricbles
whidh epln the.. M’ dadsian toemplby avnwarkerofa cartain skl and notthe
enpb/mattsdare W e use ..M size as the idattifing \ariebk in the sampke
selbction madel T he estimates of the P ridoirt selbction equatiaon for the anploy
mantdaasian are used 1o aastructan estimate Torte inersell 1l ratiownwnidn
is induded as an epbnatary \aiabk in the estimatian of the structiural mocel
\ ote thatwe do notacoountforaarsaning in the uppertail ofthe distributian in
the o st estimatian procedure. H onever; the high skilled enplbymantshare
ek o ae iy Tomay Bwv..ms.

T he sacod estimatian prdblen ancarrs the multipke zeyo valles doserved
1or bath types of inestmatt P otential solutias induce the use of te bl
rather then the logaittm of the IT 1O saks ratio or the riplbceamat of zexro
epadturss by asmall butpacsitive valbe. 0 bsenatias with zerovales culd
albobeexdlded, butthen the estimatian ofthe enploymantshare ecatians must
acoountiorthe selbatiaon biss therdoy induced. W e procead 1o jJantly estimate the
enpbymantshareequatian and the investmantdadsian by extending the standard
T doitmaodel o the sample sebction T doitmacket

z; = %ZOVZ + $; (D)
z = 1 z7>0
0 z7 -0
= EzOXz‘*‘ "
_ L y'-Ladz =1
y = )/u: _ZOX2+"2 L < fa‘dZZZJ.

where a aneltion betineen both enartams is allboned C orr[' ;5,1 = %).
T hevariabks in the empbymeantshare equation an anlybedsenadwhenz, = 1
(ie novaovales rather|T ana T inestmatl). W e inftially estimate a
P rdoitmackel whidh idanti..es ctors infuending the dedsian ora..im o inest
iNIT amIT cprEl T heinversell ilE ratiois then used ss aaoarecian in the
ssaod steceempbymantshare T doitiegessian. T his tho stege bsstsouares pro
adure proades arsistat butinet datestimates of the sampke selbction Tdoit
madel EC dantestimates are dotained via Tulll informaian maxamum  kkelihood
methoos using the tho stege sstsauare resullls as starting \vales.
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A Trtherestimation prdolem is the presance ofautiars. T hiswillbe addressed
byl A D estimatiaon ofthe enploymeartshare eguatiass besad an a restricied sam
pk (edding zaxovalues Torboth tpes ofinesttmattas well as zerovales Tor
univarsity gaeduaies). Far amparison reesas, an addiianal sample sebcion
madel is estimated. H ere the selbctiaon ruke Ollons a disaete dxace madel ex
plEning N zeroinestmatepeaediture as well as non zerovalles Toruniversity
gradLaies.

2.2. T he P roductian fuctian
221.M odel sped..catian

W eusethe praduction Toncion framenoark toeamine e acatributia s oAT Gp-
ital and human gpital o autput T he Tunatianal Taom usad in this paperis the
trarsog pradudion fincionwith . \e inputvariabkes. Inits kbgaritmic transior
matian, the relation betnean inputs and autput Gan be wittien as (aniting the
..M subsaiptforaanvenien®):
X 1 X X
h = Q)+ _®ihXi+2— ) _°ithihXj 25)
1 | I |
whereX ; ad X ; are stod<messures ofinputs Y danotes autput 0 ne achent
e ofthe trarslg Tunctiaal Tom oerthe Cdob D augles praductian functian
is that the autputekbstid ties are not resstridied 1o be the same aatss all types of
..M. Startingfrom the ttarshog production Tuncian, saveral riesstrictive functiaal
fams are nested and aan be statistically tested Toreanpke the Cdob D augkes
productiaon Tunctian impasss the rstricias of 1= 0 8, inequatian 2.5. T he
autputebstidty with respect o inputi Whidh messures the paercantace inaeese
iNn autputin respase o a uttinaesse Iin the inputvariebke is cmputed as the
derative of the productiaon Ttncion with respect o the looarrtm ofi. Forthe
trashg uncicnal Tom, the autputekstiaty is thus a fundian ofinputd, aswell
a6 the remaining inputs iNto praducian, .

A X o
' 3
T heWW ald testis used o testthe nan inearhypothesis thattthe autputekstic
ity is sigi..cantly direratfam zaro. W e goply the trarskog productian Tnctiaon
ce.ned oerthe ..\e inputs iNto praductian; the three Bbaurskilldessss H, I,
andU ; and thotypes ofpial IT and K.
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2.2 2. Bstimatian tedniques

T he unbiesad and aaxsistatestimatian ofthe produdction Tunctian is camplicaied
by the Tolloning econanetric and data prdblems. (1) the use ofFftons a6 prodes
or pital stodss, (2) anitied variebE biss due 1O missing material inputs, (3)
endogaty ofinputs and (4) the roke ofautiers.

T he praductiaon Tonaian sped..ed abowe is besed an stodk messures ofalll in
puts 1o account for the Bt that pastinestmants in pital make aontrbutias
O autputin the arattperiad. T o denve astodk messure of pirtal inputs INo
productian, most aammanly a wadted aerace of past ek of inestment is
anputed. U niortunatiely trell IP-S dateset enplbyad in this study does not
axtain messurss of the net pital stodk ar past investmant fons at a dissg
gegaied el I IT ad nnIT pital W e thaere use inesstmattfons as
aproy Irtte T ad mniIT pital stods. Sane just. cation Torthis dxaace
of prodes is proaded by the Tolloning evidae. T he natianal acoounts proAdes
infiormation an the oerall net pital stodk Torl 4 serice industries. 1N adesaip
e regessian of the investmant 1o salkss ratio and the net Gpital stodk 1o sakss
ratiq we ..nd asttag paitive relatiaship. T he P earson conelation aoet dat
is097 aadagi.catatttel % bwel T he regessian estimated by 0 L S yieks:

L =093 + 0056 adj.R?=094;0BS=14:
Q ¢8 Q
1 8)

where | daoiss ol inesstmattat aunmaitprcs, Q gass autputad C the
netcpital stodk ataunmatphass. A ssunmingaarstantshae oflT epaxdtures
autoftoal inestmant, the tovvalles ofIT and M IT Gpital may proade ac
aurake prodes of the underiving Gpiral stodss. In the aee ofIT pital awunant
epadturss may be vary dose o the discounted acaumulation ofpsstiT epant
dturss due tothe high rate ofdgpredatiaon ofcomputercepital Since investmant
Tons an anly sere as gpprpriate prodes Tor the undosenad Gepital stok in
e Gse vihare the ratio ofinestmeantto Gepital stodk is relatinvely stebke we are
notabke o extend auranalysis 1o Esstt eman ..ims whare the stebi ity ofthis
reltiaship bresks donn.

A nother imitation of the data ancarrs the bk of .. Mms” material epant
dturss. || aferiab ae honever; impartant Bctors of producian in the seriae
sctor. B ased on sectoral datg, the share ofmateriak in total autput rangss fran
3 % in banking and insurane ©86h in wholksake trade? To account or e

2See t=bE 7-3 in the gppendix.
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missing epbnatay \ariebke totlal wage asts are usad as an altlermative proy
Tor\ale added insteed of sakes.

Sinee trell IP-S dataset is darived fram suney respasss, the extiattofer
ranaeaLs Iespasss 1 the suney qusstias ad resuling brge autliers hes 1o be
axsidaed. T he rake ofautiiers W ll be investigated by employing median regres
san madek. 1N median riegressian madek, estimates are dotained by minimising
e sum of the absdlute rather then the sum of the souared residuak so that
autdars are discarded in the estimatian procsss.

Fnally, the direct gpproadh 1o estimating the productian fonatian hes been
aitidsed becase itigxaes the smulianaty aeated by the inputand autputde
dasias ¢ ridesadll arese1997). T he prdolem ofFsimulianaty can be sohed
by inrstrtunmeal variabk (1V) estimation. A pprgpriate insttumats or..m bl
data indluce the predetermined input ek from prevas periacs ¢ nides ad
Hasman1I86I aresseandt all1995). H oneverinputevel from previas pen-
otk are aunrently notava Ebke ad this particularprdolem will anly be addressed
s Uturevass oftell IP-S data setbecome aa BbE

3. D ata desariptian

0 urampirncal anabsis is besed an the .. 1Istwae oftell anham Serviae Inno
\atian parel (I IP-S) whidh acotairns infamatian Tor99 4. T his surey hes bean
aoductied o eamire the inmovatian behaviaur of serice ..ims (or detalb s==
Lidtandll adh, 1997). A pprodamately 2550 ... mms partidpated in the .. istwae of
e service panel chvhidn 169 ..ims are locaied In el estand 924 inthe Esst
(s==tbke7-2 inthe gppendiX). T he key variables covared by the study are salkes,
investment, the skill structire of the warkiaree and a xge number of quantiia
e ad galtative dummy \arablkes (productand procsss innovatias, er edts of
inmowatian, R &D adtivities, impartance ofextarmal sourass of knoMsdcp).

Skill is messured by the enpbee’s bl of educaticaal gal..cation. T he
aignal data bese distinguishes betinean .. \e skill dbsses. (1) polyted nic aruni-
\arsity gaduaies with exgnesring ar natural sdence degress, (2) palytednicor
univarsi ty graduaties with econamics arsodal sdence degress, () ted nical aollbsge
gaduates (CFadsdubbsdLR’), (4) vocational sdhool graduates, and 6) workers
writhaut any achvencad degree ar gopraticss. T o dotain meaningiullly sized skill
dbssss, we aambined (1) and (2) intothe high ski lied diess (university graduaties
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H) ad B ad (4) into medium-skilied Boaur (\Wakears with vocatioal deges

). T he toalwarkiace is the sum of the thiree skill graps. 0 utputis messured
by oAl saks in nominal pricss. BExpenditures an materiak are notaa kebke. IT

is de.ned by 199 4 investmentin infomatian and conmunication tednokgy, 1T

indudes expaditures an amputaers, peripheral equipmatt and softnare. T ol
agGss inestmantis abo proidad. In adertoaad dabke aunting we subtract
IT investmentiran il inessthatto doan nan T investmant

IncompEte infomation an gass investment, 1T investtnat, enployess by skill
dbss ar..m dnaradiernistics Bd o a redudtion of the sampEe © 1231 W estl er
man ..1ims (fordea kb se2 tebk 7-2 in the gopadX). Furthbermare we exdudsd
dosenatias drgpped that catained imputed datas |mputed valbes Toremploy
matand saks reducd the sampke size 1©1219 intheW estand 713 in the East
Fnally three dvias aatdiers (ilnestmatt 1o saks ratio exasscs 200 % , 400 %
in the East) were emoad fran the sampke (see ebke 7-2 in the gopadix Tor
detab).

T he data set aotairs a Igni.. cat number of entries Tor wnidh investianc
o' IT inestmattequak zera 0 ut ofthe Al sampke of 1218 ..mms, 273 repart
zero epanditurss Torather ol inesstmattar IT inestmatt, ohwnid 89 ..ims
repart zero epaditures orboth ol ad IT inestment § 6aut of273 ..1mms
repartpaitive total inestmatt, butzero epaedtures TriT epaedtures. T he
remaning 88 ..1ms repat pasitive IT epaeditures but zero toal inestmant
epadturss sudh thatlT epaditurss exassd ol inesstmattependtures. In
these aass, the resulling necative Nant T investmeant hes bean replbacad by D
1. T he xge rumberof..ms (88 autof1218) whidh repartzero ol investmant
.gures, butnonzeo T INestmattindicates the presance of igpparting enars.

Tabk 31 rmpat aerags ad standard deviatias of the key \ariables used
or the estimation. D esaiptie stalistics are reported sgparaiely Tor the Esst
andW estt erman sampkes. Since sanplewadts are notusad the sampk is not
represatative and shauld be interpreted with cautian® 15 % ofthe samplke rigpart
aunasty ahidertednical ol degee as tharhighest el ofeducatian.
T he arespading ..gure for Esstt eman ..ims is 23 % . T he prgporion of
medium-skillied Boauris @ % wth amedian of 6 % whike uskiliEed woters
accountorgoprodamately 25 % - ofthe warkiaoree.

3\ Mhough a nonrespase anabysis is doe atthe I BY |, sampke wedts are not used 1o
calubBke adjusted ratics.
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Tabk 31: Sunmary Statistics

VariabB(X) ey e Std Nin. Il ax >x0 »x1
dan dev ®) @)

W estt eman ..mms (n=1218)
H ighskilied Ebaur; H 37 3 18 0 8000 277
I edium-skilied Hoaur; | 35 20 337D 0 107000 21
U nskilied Ebaur; U 186 6 183 0 2000 244
6 ross investente(l il ) 132 025 1&8 0 5563 145
IT investmertt(l ilD N ) 22 0985 0 1063 152
H share % ) 149 56 217 0 009 277 05
I share® ) 36 61 283 0 000 241 86
U dhare®) 255 152 1281 0 1009 244 08
N anIT inv, % ofsakes 50 19 124 0 139 U5
IT inv, % ofsaks 13 03 29 0 429 152
Eastt erman ..mms (n=711)
H ighskilied Ebaur; H 29 4 198 0 4000 162
I edium-skilied Hoaur; | 86 17 1295 0 133 28
U nskilied Bbaur; U 49 3 209 0 3 39
6 ross investment (@l illD1 ) 56 025 236 0 0 132
IT investmertt(l ilD I ) 056 094 58 0 19 149
H share % ) 228 101 266 0 1009 162 01
I share ) 576 68 292 0 000 28 73
U dhare®) 196 839 1266 0 1009 39 14
N anIT inv, % ofsakes 154 21 374 0 29 L5
IT inv, % ofsaks 29 05 53 0 949 145

YT he mears gven in the bk are aritmetic mears.
SauraE Il anham Serdaae Inémovatian Parnell 199 5.
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W e dssere tre bw Bek ofinestment reltive 1o tolal saks whidh are dar
acteristicofservice sectar .. ims. D espiiethe rigpid IT acaumulatiaon thathes been
Edng plae in the service sectar; the uwvadted aerace of IT inestmantas a
paercatage of gass saks amans 1©1.3% N 1994 conespading to abaut17 %
oftotal aerace inestmant

Tabk 32 atars infomatian an .. mms’” indstry a¢ katian, size dessss, ex
partbehaiaurand inmoation variebks. A rumberof.. m-sped..c heterageaty
antrolhariabks are indudad in the riegression equatias, anag them ssctiorad
sze dummies. FHm size is de..ned by number ofemplbbyess ad ...rims are divicded
ino .\e size dessss the refrenee gap hes ks then 10 anpbyess, the three
medium-sized dbsses are de.ned a6 10-19, 20-4), and 50-24 anpbyess, whike
ke ms are de.ned ohave mare then 250 enplbyess. A bautl7 % autof1218
W esth emman..ims have ks ten 10 watkers. In1994, 360 ofl estt emanad
23% oftsstt eman..mms belonged toa capaate gap. T he share ofeqpating
.IMsis24% . T he serice sectoris brden doan into 10 subssctars. A mang the
.. Ims same regauping ofindustries was Tound 1o be necsssary. Industries
with a lxge rumber of .. ims sudnh s market serviass are pitup ino anmputer
ad relied softnare (| A CE 72); R&D Bbs and tednical asultanss (| A CE
731, 742, 743); business casultants boal serviass, and acoounting (| A CE 741);
and other business activities induding deening and advertising (| A CE 744- 746
8, &3 &l).

Tabke 7-5 in the gopendix shons the sectoral bregkdonn of IT and nan IT
investment, both in% oftotal sakes. A s matiaed before sample waghts besad
a anarespaee aalsis are notusad. Canputer ad R&D  Hos as well as
business seriass passess the eected hider IT intlasity then the remaning
sctars. W hdkesake and reta l race etibitvaery bviT inestmattto saks ratics,
a result whidh shaud be interpreted with sane cautian. 0 ne reeson Tor tte
b IT inestmat 1 saks ratio may be the high share of material inputs in
these saciars. W hokesake tracke trarnspart, and community serviass (in partiaular
sanee sanitatian) Gan abo be dissi..ed as Gpital intasive inoustries.

Tabk 34 rparts the skl deoompasitian at the sectoral bel T he serice
sctor Gan be dis erattiated an the basis of knonBdoe intansity eqoressad as an
indLstry’s proparian ofwarkers with a university ar higher aollage degree aut
oftotal watkars. T he mostsk llintasive ssctars are the aomputey? softnare ad
R&D Boaakries and tednical asuling sectars, as Well as business serviass
(casulents, bBoal servicss, acoounting). In these secars, the share ofunivarsity
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Tabk 32: Summary Statistics 0 ummy V ariebles percaritage share of toal)

W est Esst
(0BS=1218) (0BS=711)

Sector distribution (| A CE cssi.caian In parentesis)

W holesale trece (51) 176 118
R etal trace and repairs (5);2) 129 103
Tragpat(@l;8 ;636 ;ed 63;6/1) 129 143
B anking and insurance (65; 65; 67) 179 119
R eal estate activities and renting (4 ; 71) 62 91
Canputerad relted softnare (7)) 68 48
R&D Hois tednical casultants (43142 ;4 3) ) 169
B wsiness aasuliants, lecpl acoounting (4 1) 62 41
0 therbusiness activities, deening adhertising 135 131
(44 § £6, 48,6336 1)

0 thercammunity sericss senage senftatian 21 15
Q00 §924)

Size distributian in &ms of ol enpbyess, L -

Sizel: L <10 172 229
Size2: 10 -L < 20 186 143
Siz2z320 -1 < 50 188 226
Size4: 50 -1 < 250 245 289
Size5: L _ 250 219 121
0 ter indcators,

R&D performer 181 131
Bpoarter; 1994 243 86
P artofindustrial coglomerate 1994 6 238

I otes T he mears gven in the tebke are arittimetic meers. P erformance indicator
dunmies. epater= 1 if..m hes eamed paitive reverues from epats Trldf 4.
P artofindustrial conglomerate= 1 if../m is parentto arsubsidary ofanother. im
in1994. R&D = 1 if..mMis ca=siaally araotinuasly engeged inR &D activities.
Sauraz || arham Serice Inmmoatian P anel 199 5.
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gadlates ssbetneen 0 ad46 % (Nl iaoCasus besis ss wellssll 1P -S data
s=t). B ankingand insurance as Welll as real estate and community serviass an be
dbssi..ed as medium-ski llintasive industries. Finally whokesake and retail rede
transpartand other business sericss (deening advertising) éan be dessi..ed as
bwskillintesive W hokesake and retai 1rade and otherbusiness service activities
tBd 1 hae amajaity oFmedium and uskilied Boaur: A comparisan of the
hichskieddaeadIT inestmenttosalkes ratioproidess infkamal evidence that
the ssctas whidh are skllintesive are the aess tatus2 IT intesively.

T he suney’s respaee rake is rehbtinely bwvwhidh suggssts that .. mms partia-
pate selctinvely. Sinee the questiaaire atains a number ofinmovatian related
qusstias, itis passibe that the sampke is disprgportianally aamprised ofinmoa
tors. H onever; amparabke indicators of IT arammunicatian inestmantat the
sctoral el are notava BbEe soitis di¢ aultto quantify whether inmnoatars are
oersamplked?

T oexamire the represaiativeness oftiell 1P -S suney partidpants, the aer
ae skl stucture in the 1995 wae ofthet erman L abaur Faree Surney (71 1ao
Casr’), asurey at tre bl of the individLal is examinad by adding aacss
partidpants who are enplbyed in ae of the service seckr industries. Tabke 34
aonpares the sk ll strudiure ofthe tho datasets and reparts anlly minordic exancss
in the higrskliEd shares. A atss sectars, honever; the share ofurski lied warkers
inthell IP-S ../m datasstexussts the conespading..guarss inthet emanll iao
Casus aasidarably.

4In gereral sectoral information 1T eenditures is notave Boke. Forthe total econamy;
EITO patssalT /6 DP ratiocfaraund?2.1 % fort emanyt™rld) 7. T his ratiodaubld 1042
% when ammunicatian tednolagy is induded.

17



TabE 33 Q ual..catlion struaure int eman sere industries

Q ual..cation Structure (% share of total wark Tore)

i IP-S 352 I icoCasus 952P
HE U Obs. H [ TE 0 bs.

W esth eman ..iMms

W holesale tracke 94 &b 150 214 77 /i 158 5765
Retailtadk repairs 49 76 235 157 59 B1 169 19 G5
T ragpat 43 518 439 157 62 7H/2 186 456
Bankiindimuranaee 147 749 135 207 115 BI 96 7118
Reelssatle/rating 149 69 211 M 1138 B6 141 1102
Conpueyysoftnare 447 446 107 83 31 B8 77 1087
R&D Eos/aowult 448 429 122 e I 31 87 5499
B LHINESS sarvicss 33 5836 142 B 35 5B7 98 296
Otherbus. saviass 88 483 4239 168 109 679 221 5513
Caonmunityserviass 169 431 408 25 176 532 292 304

ToalServeSectr 149 396 255 1218 187 &8 155 101338

Esstt eman ..ims

W holesale trade 104 62 235 8 174 771 556 850
Realtade repairs 128 A7 165 73 71 88 82 4504
T rangpart 52 661 287 102 61 907 32 100 6
Bakindimuranee 207 676 1177 B 192 A5 53 925
Reaelesale/raing 178 A2 119 67 195 B1 121 375
CanputeyY softnare 5521 411 38 3 24 7 79 111
R&D Eo/aowult 587 HBi 59 114 447 499 51 186
B LHINess seriass 39y 585 1756 3 FHBH 557 86 26
Oterbus. sarviass 115 81 3B5 95 89 82 83 1308
Canmunity serv. 141 458 401 2 31 a3 73 922
ToalSaveSectr 227 576 196 71 159 772 63 11523

3D atarefrs ©199 4. ° T hestatistics arebesed an thet emanll iaoCerslsP LblicU seFile
whicdhantains 70 % ofthe ampEtell iaoCass. Thet emanil iaoCawsus is besed an
al% sampkofthet eaman pgoultion. T he suney is imited o enpbyed warkers during
the surney reBrene wak A pril 1995. Emplyment shares by educational catecary are
calubted ss the propartion of totlal warkers (induding selfempbyess) in eadh ofthe three
educational catlegries. €l ears wadied by employmantt in parenthesis. ¢ pprertics
included

Saure Il annham Service Innoatian P anel 199 5, I iaoCawsus P ublicU se HE
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4. D eterminants of tthe skl sauctre

In adar o quantify the main ctars behind a..im’s skl intla sty the anploy
mantshares are regessad aganst the potatial determinantts disaussed eboe.

A s noted earfier; 28 % of the 1218 W estt erman sampke ...ims do notem
pby high skilled Ebaur causing the univarsity graduaties emplbymeantshare tobe
asaed bebw Initally we do noteduce ..1ims with atherza2zo nan IT orIT
inestmantepadturss butirsteed replbe zeroalbess by DIl 1. TabE 41 re
parts the resuling maxamum likelihood estimatian results Tortno\ariants ofthe
T doitmadel as well as the 0 stage estimatian methad forthe sample selbctian
madel T he ... ist o columins shov the resuls Torthe T doitmaooel, where aol
unn (1) aotairs the resuls Tor the stendard hamoscadestic madel and column
(2) albns the disturbanas 1o be hetercscadestic Sinee thel R teststatistic of
goprodmately 455 indicaies that the heterooadestiaty madel carnnotbe rgected
the interpretatian of the T doit results is conaarated an the heteroodestiaty
madel Farboth T dort sped..catias margnal erects are amputed. Coumins
@ ad (4 showv the resuls Tor the sanpke sebediaon madel Far the 'O step
H eddnan madel we do notaxrsideraasaing in the uppertai | ofthe distributiaon
whidh may notinroduce aserias biss since the graduaties share equiak toae Tor
alysixofthesampke..ims. W e.. ristestimate aP rdoitmadel whidh idati..es the
das intuendng the .. im’s daedsian chwhether o enplby univarsity graduaies.
T he aet dais an ..M size are pasitive ad sigi..cantat tre . \e pact b el
sugoessting that the prdosbi ity ofFemplb/ing univarsity graduates degpends an the
.m gze (sseablmn 3in Tabk 41). In arsst. all of the .. size dummies
are insigi..caitin both ofthe Tdortmadek. | oe thatthe iniarell il raiois
Sgi. catwvhen added as an indgpaendantvariabke in the structiural ecuation.

T he main reaultis the Sgii. cant, pasitive relatiaship betnean the share of
univarsity geduatess and IT investmantt T he T investimanter ectremans sigi.-
cantand roustaatss all sped.. catias and is minared in the resullis Torthe Esst
6 erman subsample (see gopend). T hese resulits thus sugesstthatan inaeesein
tTelT inesstmattosaks rationwald rasea.. misskhllinesity, Tumingtote
sgzeoftte IT impactan the universty gaduates share a asistaitly bvvale
istound fortelT sami-ebstidty aacss all madek wnidh is sanenhattsuprising.
T helT sami-elbstiaty basad an the sampe selbectian modelis sidtly brgerthan
e lT sami-ebstiaties besad o 0L S Torthe restriced samplke (0L S results not
shonn due o spae imitatias). The IT impactinaessss fran 0.00610 0.008
whentreinversell 1lk ratiois induded in the restricied ssampe’s estimatiaon. T he
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estimatied aet dents of the samplke selbctian madel honever; diseranly sigitly
aonpared 1o the stendard T doit madel whidh is reesaebke sinee the ..1m size
dummies are the anly \variablkes nidh gppear in the P rdoit selectiaon eguatian,

but notin the structural equatian’ T he samplke selbctian madels IT acet dat
0of0.008 trarshtss into a rektively small ebstidty of0.054 % .© T hus an inareese
intelT inestmat o saks ratio by are standard deviatian (50 % ) wauld anly
rase the aerage . m’s highskilied Boaurshare by 0.03 paercantace pants fran

149 % ©152 % . FarEsstt eman ..ims e IT impactis sigitly smaller: A n
IT aetdatofaaund 0.006tashiEes into an ekbstiaty ofthe highskilled en

plyment share with respect o the IT inestmaet to saks ratio of0.03 % (see
bE7-5). A Binall the bivgattitatinve e ects ofIT and N IT inestmattan
the university enplbymat share sugesst that other- undosereble - s may
ply an impatantrok in eplEning skillinesity at e . m kel

5\ coding ol eungand Y u (199 6 the aitical pdntofthe performance of the H edkanan’s
estimatris colinearity betneen inversell 1ils ratioand the righthandvariabkes in thestructural
equation. H onever; the lbvR 2 of gopradmately 0.023 of a regressian of the inverell il ratio
o the rigthand variabkes in structural equation indicates that adlinearity is nota prdblam.

6T heebstidty is aomputed &6 "1y = g =Su Where™ i denoes the estimated IT aoet -
dantin the sample selbection madel and 5 is the sample mean of the high skilled Ebaur share
besed an the Till sampke (dos= 1218), #us ".rg =0 008=0 149.
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Tabk4.l: Tdotmaoek o the univarsity geduates enploymantshare (W es)

Sampke selbectian madel
Tdoit H et Stuctural P rdoitSe
Tt macel kcion ( >0)

marg. t marg. 1 3 @ €t mag €
ab st ab st a@ st el st
it 909 56 006 414 908 31
iq i003 §23 902 §19 904 §2B
itgEcomputer 920 29 185 36 13 38
itgEted. aos. 143 45 &6 43 167 414
itgEbus. sos. il §19 123 16 918 21
itgfEcomputer id10 §25 §d11 §241 D10 §13
W hoesaketrack 99 33 951 38 94 §31 319 337
R etail ttadkss id94 §57 3988 §88 13 §57 §25 52

T ranspart §100 §59 980 §62 A 58 33 58
R eal estate 106 03 901 09 918 06 §d5 07
Camputer 206 49 36 69 b 61 23 25
Tedh. as. 335 82 587 71 37 81 17 18
B Lsiness s\Gs. 1% 15 23l 37 110 21 16 06
Otherbws.svs §943 §27 98 49 9/ §31 320 43
Canm. s\cs. 06 02 §915 303 157 11 317 §21
10-1<20 908 06 0147 23 10 29
20 -L <50 908 05 13 17 13 33
50 -L < 250 12 08 949 26 2 89
L _250 007 043 41 22 5 1039
BEpater 13 37 921 23 15%6 31 13 37
Ind. Caglom. 929 31 116 23 13 25 10 31
R &D 949 43 D14 177 9/ 42 18 36
Inv. Il ilBR atio 203 87

Castait 186 42 1Ix3B3 13 197 37 D2 29
|l ag ikelhood i1033 1235 iF92
Pseudo/h djR? A7 166

0 bsenatias 1218 1218 881 1218
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N otes | oner ase \ariables denoke locarittims. 0 bs. summary Tor the T doit maocek:
337 Eftcasaed ds. with B, = 0 ad 6ridit@asaed ds. withE; = 1. I ao
vabess TrITQ arlQ haebean replbad by Dl 1. R elarence gaup Torssctordummies
is banking/ insuranag Torsize dbsses size 1. 2 T he acet dats of the hetercsosdsstic
ity tams have bean anitied. bDiqusgajcrstdmlsaemagraleuecb, the partial
derivatives ofepected valle with respect 1o the vector of daracteristics.

T he coet das an the intleraction terms betneen the sectar dummies ad
e IT anmiT inestmait © saks ratio are statistically sigi. Gt in three
GEss Igedling a unffom investmant impact an the univarsity graduates ant
pbmentsare. Fassckas whidh hae historically been IT intlasive nemely
anputey softnare adR &D Hos we ..nd that IT investmantis assodated with
gealer skl intesty,. Farthe computer industry, the IT interaction aoet dat
ies betinean 0.020 and 0.050, dgpending an the maodel spaed..catian, causing the
IT ebstiaty Torthe sector toexassd e aerae IT ebstiaty by 1310360 . T he
implied tolal IT ebstiaty tus rangss fron 010 ©0.16% . FarR &D activities
and ednical asuliants, aur..ndings imply an edcsss oertte aarae IT ebes
tdty of2) ©44% bessd an IT skype et datts rangng fram 0.043 ©0.065
T he implied total IT ekstiaty thus les betnean 0.12 and 0.14% . TheIT skpe
ax¢ datiorbusiness servas implies thatlT hes aninsigil. cantly smallerer ect
an the gaduates enmpbymaitshare then the aarage of the other sectars.

T he lmmaining eplbrnatary \aiabks hae the eected sign. T he necatinve
reltiaship betneen ten T investmat o saks ratioand the graduates share
highlidgts the Bt that pital intasive industries enploy a smalker fractian of
univarsity geduates. T hesize oftte ae€ dattan te nant IT investmattosalkes
ratio is honeer;, rather small and rangss fran -0.00610 -0.003 aatss madel
soad.catias. Thus ab0 % inaesse in the investmant ratio wauld imply a
dedire in the high skilieEd enploymait share fram 149 ©14.7 % bessd an the
estimatied samp e sacbction madel

Fate24% of.imswhidhepatinlij4 we.. nd thatepatngraniocs the
paitive relatiaship found betnen IT investmattand the empbymattofhigh
skild Boaur: T his..ndingis aasistartwith aur anjeciure tatepatng .. ims
aanatrate exiasively an human Gpiral intensive products reltne 1. ms that
do notengece In eorting activities. T he ae¢ dentan the onnarship dummy
indicaies that .. ims in an industrial conglomerate use mare skl intensive Bbaur
then tarcauntapat. A .MmsR&D adivties may aboinduce ittoenply a
mareski lied Bbaurface ss the pasitive ae¢ dattanR &D engeging.. ims shons.

a
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A Imcst18 % of the ..ms in the ssmpke aattiruasly arocassiaally engece in
R&D .

INn aurestimation ofthe high ski lied shaxe equatian, we have notyetacoounted
o te lage share of . ms that ripart zero epadtures TriT anmlT in
vestmatt Caseguatly the aetCdats TrIT and nant IT investmants in the
standard T doit arsample selbctian madel (see tebk 4-1) may be biasad tonards
zao. | oie that15.5% ofl estt erman ..mims repart!T inestmants of zero ad
14.7% repatzazronIT investmat Bxduding ...rms vwhidh rigpart zero epan
dturss ToratherlT ana T investmentreducss the sanpke size 9 45. Simply
eiminating the natinvesting ... Ims introducss a selectian bias into the analysis.
T harefore we goply aT doitsample sebction madel (sse equation 2.4). These
bctiaon ruke Ollons adisaete dxace madel o daracierise those . ms that rigpart
nzao\ales TrIT anatlT inestmat T he resuls Tor the T doitsampe
selbction madel and theP idoitsebadion eguation are displbyad intebke 7-ainthe
gopaendix. Canpared O theH eddman o step estimatian using the higskilied
Eoaurseledian iUk the smultaneas estimatian ofthe P rdoittselbcion equation
and the T doit madel yields anly minardicerencss. Farirstanee, the IT aoet -
dantbessd an the sampke seledtion T doitmadel ofaraund 0.018 is gute simibr
1O the et datbessd on standad Tdortmadel T he IT  inteyractian aoe¢ aarnt
Torbuainess serviass, honever; is signi.. cantly pasitive in the ssmpke selbedtian To
bitmadel Similardy o previas madek, the aet dats anR &D, eparters ad
industrial conglonerate are statistically sigi..cantly and very dose 1o previass
resuls withautan investmantdsdsian ruke

T o inesticgaie the impartance of autiars, e estimate the high skilied share
equation tsingl A D methacs besad an a restridded sample axsisting sokely of
..Ims wrth both pasitive investmattand highy skillied warkers. Caumn 1 of tebke
42 shons asample selbction madel investicgating the ../’ dedsian toinvestin
baoth IT anrd M IT goirtal and toempby hidh sklied wakers.

"In apravias versian of the paperwe indude dummies orprocess and productinnoatias
aswellas adummy arieble Toragmisatiaal dhange. Sine thesevariabks are indicators ofthe
tednolgal dange rather the tedrnolagal bel we exdudsd these dummy fian the share
euatians.
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Tabk4.2: Sanpksskbdionadl A D madek exduding zerodamandcs TorlT ad
N IT investmentand highyskillied Ebaur

Sampke selbection madel

Selction Structural oL sab L4 D&C

equatian maoel

marg. € Qo . € Qo . t e . €

. stat stat stat stat
it 117 36 117 37 106 19
iq id05 §21 904 §1lob D04 §23
itEaomp. 999 48 101 59 115 44
itgEted. as. 173 33 166 18 104 21
itOEbLs. s\s. 129 12 123 08 1A 13
igEcomputer i009 §14 §909 §14 921 §15
W holksake trace i216 §41 I&® §2H6 §I913 07 IV 18
R etail ttacke i204 §36 121 §434 Fd A §59) §948 338
T ranspart i286 3§59 3146 59 FI7/A3 §4d1 §948 338
R eal estate id72 19 002 01 022 08 125 08
Camputer 191 21 896 62 53 51 Bl 31
Tedh. ars. 195 23 6l1 62 53 48 A6 31
B USiNess s\Gs. 110 15 298 29 245 29 1B/ 21
0 therbus. s\vcs. i222 §9 A §28 §d18 §l9d §I3B §1 7
Conm. s\cs. ilZ j§l6 143 07 999 1Z7 915 01
10-1<20 102 21 id?d §29 §dH §li
20- L <50 198 49 il10 §35 127 ;61
50 - L <250 4109 83 ilel §53 3147 368
L _250 84 107 il93 364 166 77
BExparter 141 36 & 49 137 15 111 09
Ind. Cadl 101 30 D44 26 116 13 018 22
R&D 209 45 180 41 13 23 136 36
Inersell ilk ratio 219 81
Castait id42 §28 193 214 23 89
P seudo/h dj. R? 291 38 94 33
0 bsenatias 1218 .Y 2 2

N ofes. L onercse\ariables danote loaritms. D ependentvariebkeis the university grad
uakess enpbymant share  Further infamatian abaut the indgpandat variabks can be
found in the notes ©Tabk 41. 2Sampk exdudss zerovables ©rH |, IT and nan T in
vestment P01 S estimates conected Tor hetercsaedsstidty, T4 D estimates are basad an
bootstigppad estimates of the variane cvarianae mahix of the estimators.
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T he rmaining coumrrs in Bbke 42 rpatl A D reauls or the resstriced
sample besed sokely an ..ims whidh rigport pasitive ilvestment and higyskilied
emplymaitshares. W e acein..nd the e ectofIT Obesigi..cantly pasitive but
rathersmall Canpared tothe beseine0L S madel the IT aoe® dentshrinks by
ahaliwen trel A D regressian methad is used.

TabE 4 3 shons the estimates Tor un and medium-skillied Ebaur: Sinee es
tmatian besed an the thostage H edknan madkel yiels similar resullts anly the
estimates Tor the hetexosadsstic T dort model are shonn. BaptitrR &D Hos
and aamputey/ softnare industries, e IT investmant o saks ratiois noksig...-
cantly relted o the medium- sk liBd employmantshexre. Foraomputing.. ims and
TrR&D Hs ahiderIT inestmattto saks ralio is assadated with a bner
medium-ski lled enploymentshare.
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Tabk 4.3 H eerosadsstic Tdoitll odeb for medium-skillied ad uskilied en-
ploymentshares (0 B S=1218)

I edium-skilied Hoour U rekiiied Bbaur

Share H etexasc Share H etexcsc
eoLatian Tams eoLatian Tems

marg L3 a. L3 marg L3 aa. L3

e, stat st e. stat stakt
g §002 §0Z7 §909 4§09 §907 §22 §918 §1i
iq 902 07 §910 313 902 13 §909 §12
IitgEbanking 11 22 113 05
IitgEcamp. iddl §2b6 1B 26
gEcosulc id29 §19 953 j0Z7
igEoth. bus. s\cs. 925 241 §908 §0B §I17 18 103 01
igEcomp. 915 18 128 12
igEcomm. S\Gs. 990 29 §122 16
W holesalke trace il05 §49 §338 §i5 D14 083 X6 332
R etal tacke id)3d jlb 518 358 901 09 §386 ;353
T ranspart i268 §j79 6B ;77 148 32 jBB7 ;61
R eal estate §109 §34 §88 §54 §919 §j0zi §HH5 43
Camputer i 43 268 32 §i114 283 206 12
Tedh. cosult iZ236 59 266 29 P63 li 195 11
B usiness s\cs. i253 §i75 s Y 59 943 jl1b 53 3P

0 therbus. s\cs. il1x3 §jl7r 215 18 13 05 261 13
Canmunity s\cs. iB0 §49 11437 3 15 49 3191 V4

10 -L <20 if04 §041 §908 01 13 39 180 19
20 -L <50 116 05 3B) 30 15! 4z 13 01
50 -L < 250 if21 §07 497 23 221 66 66 15
L _250 idd §21 319 13 2/ 75 §i1B 03
Bpater id24  §14 914 §02 §D01 01 941 06
Iind. Cagl P15 09 §925 04 §93 23 13 21
R&D 007 04 244 3§21 §923 §l5 110 §1i
Castait A2 149 ife3 §13

P seudoR? 294 a1

H et Test 16 77 1672
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I otes | oner ase \variables denote logaritms. D ep. vars:. column (1) share ofworkers
with vocaticoal deges acoblmn (2) share of warkers withaut achanasd degree. 0 bs.
summary or the medium-skilled enploymait share 25 Eftcasaed dos. with E

= 0 ad 105 rigtcsoed ds. with ) =1. Forthe urslkdiEd share equatiar 297
Eftcasaed ds. with |y = 0 and 10 igtecasaed dos. with Ej=1.

I aeower; the uskiied EBoaurdare is sgii. cantly necatively relaied o the
IT investmanttiosaks ratio. T he necative relatiaship betnean thelT investmat
tosaks ratioad usk iid BEbaur, an the ae had ad the pasitive reltiaship
betnean the IT investmant 1 saks ratio and high skillied Ebaur, an the other
hand indicate a ampkEnatarity betnen IT Gpital ad the skill struciLre ofa
.ms Boaurface A caumulation of IT pital favours skilied Ebaur:. W e abo
..nd that the et dentan te M T iINvessimatt o saks ratio is notsigi..cat
atthe .. \e paant bel Torboth medium and uski lied Boaurshares. BEporting
..Ims and .. ims thatare partofa lger capaate gap use Ess uski ied Boaur
whidh is in ne with a concanratian an skl intasive products by these .. mms.

T he resulits Tor the three enplymat share equatias weare tested for rdoust
ness. Fist we induded guedratic investmeantt tams in eedh anploymant share
equatian, ..nding anly awnwesk Signi. canae of the quedratic g IT share. Secod
weuwsdthe gIT invesstmaTtiotoalvwage astratioinsteed ofthe kg IT inesE
mantitosaks ratio as assaad proyy Tonalle added. |nsame sectars, totlalwage
astis a betier proky Torval e added then total saks, butthe resuls Tortre IT
axt daits mman rdoust 4 Bstpantanaars the causalitty ofthe reltiaship
betnean infomatian tednology and the high skillied share since the .. m’s dace
ofIT investtmaTttand ski ll structiure may be jJantly determined. T his smulianaty
prdolEm is honever; di¢ ault 1o addiress an the besis of atss sectianal data and
we w il pcstpae a further inestigation of these issues until the second wae of
tell IP-S isadabbke

5. 0 utput atributias oFluMman oAl ad IT

A sstated insectian 2, thwosped.. catias Torthe produciaon inciacnwillbe ines:
tcaied the Cdob D augies pradudctian fonacian as welll s the translog productian
fUnction. 0 utputis afunctian ofthe ..\e inputs Nine seciardummies and three
dummy \ariabks Torepatars R &D and onnership.

Two sampks are uised, the TUll ssampke ofF 1218 .. /ims and a restrictied sampke
eddng ..ims with zero ependtures o both tpes of inestmatt and higt
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skid Boaur: In addition, ae culd edude ..ims that do notempby ather
medium-skilled arurski lied wakers. T his would reduce the sampke size 10586
.ms. H onever; sinee the size ad sigi..cance of the inputautput ekstiaties
were remarkebly simi o the resuls fran the lxgersamples, the resulls are not
dpbhed.

R esults Tothe Cdob D augles spad.. catian using asample selbdtion madel are
reparted in Bbk 7-8. In additian, the CD -productian Tindian is estimated by
amedian regressian madel and the resulting standard enrars are besad an baok
strgpped estimates of the \variance coariance matrix of the estimatars. Estimates
fran the median regressian madkel are dotained by minimising the sum ofthe e
solite ratherthen the sum ofthe souared residuaks. T his gpprcadh ams toconect
Topassibke autiers wnidh are kely toariseina.. i bweldalaset B oth thesam-
pke selectian madel as welll as the median riegressian madel ofthe CD - producian
TUnctiaon yied paranetars Torthe dic eraittypes of Bbaur, nn T investmentand
IT inestmattvhidh hae the eqected sigs and are sigi. antat convertiaal
beb. BEaptirte inputautputebstiaty ohvocational sdhool geduates, the
regressian results are thus notoerly sersitive o the use ofdic erentsped.. catians.

T he estimatian resulits Torthe trarshog producion Tndian areshonn intebke
5-1 aontrasting a trarskg production TTnctian 1o the TUll ssmpe wth asampke
selbction madel whidh eplins the dedsian 1 enplby at bsst ae higyskilied
wakerand o inestin both IT and nan IT investmant | ot suprisingly the
inersell il ratiois notsigni. cantsinee the transog producian Tncion aantans
qguedratic t&ms whnidh are goad prodes Tor.m size the idaifing vaisbke in
the sebction equatian. T he general resullis have been tested agairst restrictied
fUnctical fams, ad the teststatistics Tor hancgeaty of degee ae ad the
Cdob D auges Tinctiaal fom are reparted. T he dii-souared statistic ofF 407 o
the spad...catian testofa Cdob D augss \versus trarshog funaiaal form allons us
10 rgjact the gppropriateness of the Cdob D augles sped..cation. Similarly, near
homogeaty ininputs is rgected.

T he autputekstiaties rqocged in Bbk5-1 have been evallated at the mean
ofteinputs s "; = 0;+ 5 FKX j. A Natputebstidties are paitive
and stiatistically sigi..cat A lthough sone of the estimated parametars are in
sgii.cat; the conespading e bnatary \ariables have notbean exdluded fran
the analysis 1O sustan the ebstiaties’ fedbiity aaoss ..ims and secars. 0 ur
resuls justify the assumptian of a strictly quesi-cocae producian Tndian.
U noer quesi-aoncavity, the H essian matrix D?Y = D!FH ;M ;U;IT;K) hes ©
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be negatinve ce.nite. T he percatage of dosenatias Whidh satisky this regubanty
aditian is goprodmately 50 % 8 Il anotonidty of the production Tnctian, i.e.
paitie..mmsped..cinputautputebstidties, is satis.ed by 55 % ofthe dosena
tas. 250 autof1218 ..ims shavnecatiinve nant T investmaneautput elstia ties
besed on the simpk 0L S madel ForiT investmantand uskilied Boaur, neca
e amputebstiaties ware Tound Tor 15 %  of total dosenatias. Forhigh ad
medium-skilled Boaur;, necative autput ebstidties were ound in55 and 1.7 %

of total dsenatias. A s epected the resuls Tor the riesstriced sampke sigif
icantly reduce the set of negatinve adtput ebstigties. Since the B reusd P agen
hetercscdestiaty statistic indicaies that the residual \veriance dgpends an the
epbatay \aiabls tstalistics are bassd on hetercscadestia tr aasistatstan
dad enars. Toarsene spae Ve ipartanly inputautputebstiaties bessd an
the sampe meen and the distributian of the input autputekstia ties (see..gures
in the gopadixX).

T he key resulls Gan be summarised as Ollons. Both IT epaxdtures ad
hichskilied Boaur make sgii. ant aatributias O autput ss indicaied by an
IT ebstidty of0.14 and a highskilled Hoaur ebstidty of 0.16 (besed an the
Ul sampke ad esalated atsampke mears)! Ths al % inaessein IT wauld
radse theautput belby 0.14% . Caxaming the nan IT s, medium:-ski lied
EBbaur (vocatianal sdodl gaduates s el as Taremen ad tednidas) is the
macst impartant productian Bctar: T he autput ebstiaty of vocatianal sdodl
gaduates is 0.4 whi e the aottibution ofnant IT gpital to autputis abaut0.08 .
0 utputekstiaties sho/va aasidarable variabi Ity aatss .. 1ms (s ..gures in the
gopandX). I aeoer; R &D is assodated with a hiderproductivity el

T he detaminents are calaulated Toreadh data pdint

'T he reltive high valle of the autput ebstidty of IT cpital may partly be due broed
de.niian ofIT (induding softnare and conmunicatian ecLipmentt) as well as the anissian of
materiak as an inputintod productiaon.

29



Tebk5.1: P roducion funclion estimates, trarskg sped..catian (V est)

SampkSebdian il adel

TL producian Stuctural Selctian
ncion mackl ecpetian

ax. Estaf o= tsEar o= tstat
"y 016 86 (0136 37
i 0290 221 02424 109
“u 0413 99 0983 36
"k 0980 71 0138 68
‘T 013 92 0220 71
W holesake tracke i0d7 i92 §1128 i7? §0216 §41
Retal tracke il215 06 128 i76 §0204 i36
T raspart il jl138 §1808 109 0286 59
R eal estate’ renting i1982 i7>7 135 §i72 097 ild
Canputey/ softnare §i1898 §139 §2 044 118 0191 23
R &D /tech. awsult il945 §123 §2989 §112 0495 23
B USINESS serviGsS il 057 §l44 §2312 §139 0410 15
0 therbusiness s\vcs il1885 162 §lo65 109 §0222 i4 D
Canmunity sermiass jlo87 i7)  §li24 il6 §017 il
Size2: 10 -L < 20 337 189 0202 21
Size3 20 -L < 50 §0 101 ild 0198 49
Size4: 50 -L <250 0919 02 0209 83
Sizeb: L _ 250 i0ld37 §03 084 107
Bpater 0 110 il3 0193 29 0441 36
Ind. Caglonerate 0238 33 (0167 19 0401 39
R&D 047 26 §0i116 11 0209 45
Inerell ilBR atio 0177 3§06
Castait 334 168 323 72 §0 442 il 8
Spec st1%Est2¢ 31296 729
A djR? 03808 0828
0 bsernatias 1218 .Y 1218




| otes D ependatvariebk is g saks. 1T and K danote IT investmant and nanIT
inestmat respectively. H, Il , and U denote university greduaiies, vocatianal school
gaduates and ursk Iiedwarters. 7 erovalless TorlT and K have been replaasd by 0.000001
= DN 1. Z%O\BLS'EYH . MD gU hae been replcad 0.1. Tednokgy is gven by
=0, + @0; X+ 7 5 KX jDisplhyed ebstidties are based
an the | ald statistic © st the hypothesis ofH g -7, = @ B =X = 0. Tre
reference gaups are banking and insurance Tarthe sectordummies and size 1 Torthe size
ckssss. 2 D isplayed tstatistics arebasad anthell hite estimatorofthe coariance matrix
ofFthe 0L S estimator: ° Sped..cation test. Cdob D aughss \s. trarskg sped...catias,
< = 08EJLheaitigalioleis given by A?[15]ss = 259. T estfor hanagreity
ofdgeeae @it ; ;5= 1. TheaitcahealeisgvenbyA’[6s= 12 6.

Sinee mastotherstudies are besad an ananmovwde. nitian ofinfomatian t&dhy
nology quantitative comparisas of aur resulis with thase of B rynjolsson and
H (19 95) are notmeaningiul Furthermarg Toranumberofreesas the autput
ebstidties ofF M IT ad IT investmattshauld be regardad with caution. First
as noted byH allandll aresse (199 5), the use off ovvratherthen stoddata tads
1O oersstimate the autputebstiaties.

0 uronn previas resulls sugesst honever; thattthe autputebstiaty oficepital
is notparticubrsasitive o the dace offovarstodk data Seaod the resuls
are sasthve O the indlsan of. m eedts. U sing parel data B rynjoitson ad
H it (1995) repatthatthe ebstiaty of IT pital drgps fran 10% ©5 % axe
~meaetsaeinduded. A gatt. cation ofthis Bctorw llbe underaen axea
I 1IP-S parelisad Ebk. i  bstaoncem arises autofthe use ofgross sakss rather
then\vale added as aurproxy Torautput H onever; in ae oftte Bwvstudies that
wsed data an both gGss salkes and valbe added H all ad Il airesse (199 5) found
anly small dir eracss in the estimated autput elbstid ties basad an vale added
ratherthen saks.

T abke7-7 inthe gopadix aatiasts estimated input autputekstia ties derived
fian the Ullsampke unresstricied 0L S parameters Tor the trarslog productian
TUnction using tho alliermative prodes forautput, total saks and ol wage asts.
T he greatest \variatian betnem the inputautput ekstiaties besad an oAl saks
and the allermative spaed.. calion using tolal Wwage asts is dosenad Toruniversity
gaduates and IT investmant T heelestiaty ofIT pital dirges firan 0.16100.08
when tolal wage asstis usaed as a proxy Tornale addad.




6 Cadlsias

T his pgper hes presated a number of fector demand madek o investicgate the
ink betnen skilllintesity and infomatiaon tedology actre .. m belinserice
industries. 0 ur econanetric macel allons Tor carsaning at the bner and ypper
threshod paranetars ofthe enploymatsare. T doitsample selbctionmacek are
enplbyed 1o acoount Tor zaro valles Tor both types ofinvestment W e eamine
the sasitivity ofthe resulis with respectto model sped. catian, sample selbctian
and \arieblke messurmant T he mastimpartant resultis the pasitive reltiaship
betinean the share ofhigh ski lied workers and infamatian tednology. Fimms that
hae a hider propartian of infomatian tednology in total saks enplby mae
univarsity geduaties. H onever; the size of e IT epectan the skl inlasity is
ratheramall T he resuls indicaie Itk sa sttty 1 dic eratmadelk and spea-
~catias. Il aeoer; the investment ratio is necatively related 1o the high skilied
share indicating that pirtalintasive ...1ms enpby kss hich sklllied warkers. A
mare deta d study of the fectars whidh ae ect. ims” ski ll struciure indicaies thatt
IS’ epataiatatian, R &D aronnarship daradienistics have pasitive er ects
o teden skillinlasity. T he univarsity greduates share is necatinvely relaied
1.1 size.

I aeoer;, we estimate the acatiribution of human and IT Gpital 1 autput
using a productian Tonaian framenark T he resuls Tor the trarskog productiaon
TUnction shovthatthe autputaaTributias by unversity greduates and IT pital
are gpproamately 0.14 and 0.16 respectinely. | edium-skilied Boaur vocatiaal
school greduates as Welll ss Toremen ad tednidars) is the mostimparant pro
duction Bdor: Inaonrast, Nan T Gpital and uski lied Ebaurply anly aminor
roke in the service praductian proasss. 0 ur results sue er fran several shartcom-
iNncs Whidh we hape o address in Tuture wak Tor eampke the skill structure
oftre ..M may brgely be dependaritan undosenebe Bctars as well s relatne
wWagss Tardic erat gpes of sk k.



7. A ppexix

7 .1. Furtther desariptive statistics

Tabk7.1: D e.nitian ofService Seckars

Sectar 3dgtl A CE D esaiptian

W holesake 511 W holesale an a B2 araatractbesis

trace 513 W haolesake offocd, beveragss and toaco
514 W holesale ofF hausahold gooos
515 W holesake of non agriaultiural inteermediate
516 W holesale oFmadhinery, equipmatt& supplies
517 0 thervwholessake

R etal 501 Sak ofmotornehicss

trace 502 Il antenance and rgpairofFmotarvehickss
503 Sake afmator\ehice parts and agessaries
504 Sak martenance ad repar

ofmotoroy/des and relted parts

521 R etall sak in naon spedalized stares
522 R etail sak of food beveragss and toaao
524 0 ther retail sake ofFnew gooos
525 R etail sake of seaod hand goods
526 R etail salke ofmail ader

T raspart 62 0 ther bnd trarspart
al Sea and aoestal nater rarspart
al SdeduEd artraspart

Q2 N anrsdheduled artrangpart

&l Cargo handling ad storage

& A civties of other trarspartagendes
Fnenaal 6l I aetary inermediatian
Inermediatian &2 0 ther..nendal intermediatian

aob Insuranc2

Gl A civities adiary O..nendal inlermediatian
R eal Estate 701 R eal estate activities With onn property
adR ental 702 L etting oFoAn property
A civities 703 R eal estate activities an a e aranract besis

711 R eting of automdoi ks

712 R enting of other trarnsparteguipmantc
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Sectar 3dgtl A CE D esaiptian
Canputing 721 H ardhware aasuliancy and supply
722 Softhare aasuliancy and supply
723 D ata proc=ssing
724 D ata bese activties
725 I antenence and repairofat a2
acoounting and aaomputing madhinery
726 0 therconputer related adtivities
R eseardn & 731 R eseardh & develpmentan
develpmant, netural sdenass, axgnesring
w=Hnal 72 R eseardh & develpmentan
arsuliants sadal sdenas, humanities
72 A rditectural and engnesring activities
Casuling 4 L ecAl acoounting badk kegping
(business sow) and auditing activties
0 therbusiness 744 A dvertising
SS (VI esS 745 L abaur eautmat; prossian ofpersarel
746 INvesticatian and seaunty activities
47 Industrial deening
78 Il iscelleneaus business actimties
Canmunity 900 Senace ad refise dispasal sanitatian
sadal ad 911 B usiness enplbyars ad prof agenizatias
pesarel 913 A civities of other membearship agenizatians
SS \V{esS 921 Il otiaon picture and video activities
922 R adio ad Eeleisian activties
923 0 therenteraimmatactivties
924 \ ens agenoy activities




Tabk72: Il issing\alues
W esth emany Essth emany
Repanr I issing Repar N issing
s vabes®%) dats \abes(%)

P artidpating .. rms 1689 924

U niversity graduates, H 1433 129 83H 96
V ccatiaal school graduatss |l 1477 93 849 81
U rski lied warkers, gppranticss, U 147 98 82 78
6 ross investment; inc. T 1498 81 85! 76
Inv. in cdmmunicatian and IT 1492 81 846 81
Bparter; 1994 1617 07 914 11
Partofind. aongomerate 1994 1614 09 916 09
R &D 155 33 893 31
IT investment= 0, 1994 1498 81 85 76
N aIT investment= 0, 1994 1492 81 846 81
Canpkte infomatian (all variablks) 123 73l

0 utiers’ 1 2

Imputed data (saks, employmen®) 12 18

0 bsernatias used 1218 245 71 229

I oles: 2 0 utliars are thae dsenatias orwhidh nin T investment o saks ratio
exaxks 200 % and 400 % forEsstadW estt eman..ims, respectively.
Saure | aonham Service Inlmovatian P arel 199 5.

Tabk 7.3 Share ofmaterial and Ebaurepaditurss in toal autput (W estt er
many 199 4)

I aterialb L ebar  Cepitaland
%) %) ogosprots®)

W holesake trace 86 9 5
R etal trace 82 13 5
T ranspart 9 29 21
B anking insuranc= >H 3 3
P ersonal servicss 3 18 43
I arketsarvics al 20 19

Saurae | atical acoounts. 0 wn alkulatias

>



Tabke74 IT andnIT investimantas paercantofsaks by sactor

W esth emany Eastti ermany
henS N ax Obs. lenS I ax O0bs
dev. dev.

IT inestment
W holesale trace 05 19 71 14| 05 19 6) 84
Realtackadrpars (6 13 113 157 11 38 33 73
T ranspart 08 16 119 157 09 29 154 102
B ankingad insurance 114 28 1261 207 14 58 5 B
Reaelesaleadrating 14 37 260 7M®| 3 16 942 67
Canpueradsoftnare 33 32 159 83| 714 118 31 3
R& Hos Comultency 30 49 259 @ | 36 47 B3 1U
B usiness seriass 6 43 33 B 16 17 W A
0 terbusiness activities 19 35 417 16 | 11 234 167 95
Canmunity/ sariass 19 39 173 25| 11 32 185 3
N aIT inestment
W holesale trace 23 35 2145 214 35 61 39 8
Realtackadrpars 43 W06 776 157 57 186 1563 73
T rangpart 136 182 1249 157|405 578 3J23 102
B ankingand insurance 21 84 M8 207 14 35 262 B
Reaelesaleadrating 125 208 82 7®|531 742 2932 67
Canpueradsoftnare 29 49 260 83| 49 106 578 3
R& Hos Comulteny 49 98 453 @ | 76 U1 7/A) 1U
B LEINESS sarviass 47 130 74 H| 41 86 P A
0 therbusiness servicss 277 64 553 16| 68 163 138 95
Canmunity servics 153 284 1318 125|194 254 1042 3

Saura= | arham Service lmoatian P arel 1995




7 2. Furtter esimatian resulits

Tabk 75: Tdotad sampk selbedtian moadek for the high skillled employmanc
dhare (Esstt eman..ims)

T dotvariats Sampke selbction macel
Tdot Het TAIt Stuctural Selbctian
madel eoLalian
mag € mag € . €t mag €
e, st e. stat st . stakt
g 108 39 104 15 106 17
iq id04 §18 §902 §08 §I04 §1:i7
et tade idl5 §23 §903 §02 915 18
ofEbanking id18 21 107 06 §913 1l
oEconmputer ifl5 23 908 07 §913 ;315
igEtraspat 111 21 908 13 7113 13
igEbanking id20 §33 §923 §22 §917 §25
W holkesalke trace 163 214 17 08 198 12 §901 §09
R etal race 18 09 126 03 919 02 §906 01
T ranspart 117 17 3946 05 927 03 §118 ;339
R el estake 23 35 103 11 210 25 105 01
Camputer 18 68 145 37 B 69 268 53
Tedh. coauilt
B usiness s\cs. 31 42 18 15 310 32 128 05
0 therbus. sos. 17 25 142 05 100 12 §93 08
Canmunity s\cs. 207 29 166 06 1638 19 118 03
10-L <20 104 02 168 19 1@ 29
20 - L <50 il)3 jlb 1@ 21 127 41
50 -L < 250 iddd  §22 1@ 29 210 58
L _250 id48 §l19 &8 21 263 59
Bpoarter 193 38 136 19 123 33 9@ 13
Ind. Caogomeratle §909 305 §905 §j03 §916 j06 022 02
R &D 157 17 943 213 167 21 908 02
Inearsell ilBR atio 30 58
Castait id37 06 092 03 §99 07 I 19
L ag ikelihoad i724 8692
P saudo/A dj. R? 93 573
0 bsenatias 71 71 26 71
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I oes. | oner cese \ariables danote looaritims. D gpendent variabk is the university
gaduatess enpbymait share. 0 bsernvation summary Tor the Tdoit macek. 105 Efe
asaed dosenatias with By = 0 ad 10 idtcasaed dsenatias wth By = 1.
Laeovabess TrIT and | haebean replbced by DIl 1. D vetosmallsampEsizes, the tho
sectors amputey? softnare and R &D /tednical aasuliants have bean aambined intbane
singke ssctor:. B anking insurance wWas Lsad as a reference gap o the sector dummies
ad sizel Torthe size dessss. Furtherinfamatian ebaut the indgpendentvariabes an
be found in the notes 1OT abE 4 1.




Tabk 7.6 Fll L ad thostece L esstSauares estimates of the sanple selbctian
T dortmaodel (univarsity graduates enploymantshare W estt erman .. mms)

FIv L 2SL' S
Instmatit Stuctural
selbctian maoel
ao. L 3 Q. L 3 axs. L 3
stat stat stat
it 118 35 113 33
iq id03 §13 02 il?
oEcomputer 196 49 196 55
oEted. aault 185 49 183 42
MOEbusINess s\Gs. D49 33 944 25
igEcomputer i)13 §24 §913 il1
W holesalke trade i121 §28 §iI5%6 §29 §I®™® il 7
Realtak rpars §213 §13 §115 §33 §990 jd il
T ranspart iR §2d §13P §41 §108 il 7
R eal estate! renting i181 309 106 02 §901 09
Canputey/ softnare 225 19 3 66 556 67
R&D Ho/tedh. an. 13 06 64 71 Bl 71
B LHINESS serviGss 248 11 Al 52 35 43
0 therbusiness sos ix9 §32 944 §jlB6 FI56 il5
Canmunity serics 186 03 22 06 D14 03
Size2: 10-L< 20 277 22
Size3 20-1<50 B0 44
Size4: 50 -1 <250 92 67
Size5: L _250 1163 72
Boater 141 13 167 49 15 49
Ind. Caglomeraie 082 08 141 25 12 21
R&D 163 32 16 29 (] 41
Castait 268 19 16 38 119 31
Inearxell ilBR atio 155 41
Signa 195 434
0 bsernatias 1218 945 945

| otes D epandent varizbk is the university greduaties anployment share.  Seledtian
is besed an the ..MM’ dedsion o investin bath IT and NN IT pital 0 bsernatian
summary. 237 BEftasaed dsenatiaswth ITQ and/arlQ = 0. Furtherinfomatian
abautthe indgpadattvariables can be Toud in the notess to T bk 4-1.
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Tabk7.7: Inputautputebstiaties besad an div erantprodes Torautputusing the
trarslog production funcian

D gpendatvariabke
L a(saks) L ay(total wage axts)
e, tsat Q. st

"y 0157 49 0219 91
“u 0207 95 0 389 139
“u 099 25 0249 103
" 0123 63 09044 49
‘T 0168 69 0983 49
A dj. R? 0925 0848

0 bsernatias 116 116

I otes. 0 bservatians Tonnhidh total wage aosts Were missing were drgpped reduding the
sampksize 0116l 0 utputekstidties are basad on the estimated unrestricted transkg
oed..cation paanetess. IT ad K denoe IT inestmattand nanIT  inestmant;, re
spectinvely. H, Il , and U denote university greduates, vocatianal sdhool greduates and
usk lid wokars. 1 erovalles TrIT and K have been replaced by 0.000001 = DI 1.
lLeovalbissTord , Il , arl heve been replecd 0.1.




Tabk738: Sampksslbdtioymodelandl A D oftheCD P roduction function (W est
6 eman ..Mms)

Sampk selectian macel

Selbctian Stuctural I edian

eoLatian I odel regressian
. tsatr ao. tsat o=, stk
La®) 0183 52 0148 32
Lag(l ) 033 92 0338 75
LaU) 0988 413 093 09
L agK) 0945 41 0047 42
Lag(T) 0284 109 0212 51
W holesake tracke i0216 §41 086 §58 §l1977 iSHb
Retal track i0 204 i36 jli24 i63 jli>® i5?
T ranspart i0286 §59 §1407 §82 §l:iA0 i8H6

Realestate/rating 097 il §1915 3§53 093 ilo
Canputey/ softhnare 04191 234 §2186 §l19 §2116 §112
R &D /tedh. asult 0495 23 §228 §l1d  §2129 §10 2

B USINESS serviGss 0410 15 217/ §137 §j1 37 il32
0 therbueinessswes. 0222 ild §187 397 §1820 i76
Canmunity s\cs. j017 il6 31188 i36 jloa il5
10 -L < 20 0402 21 il 155 i0 2
20 - L < 50 0198 49 0186 12
50 - L < 250 0209 83 0517 28
L _ 250 0 84 107 0 883 37
Bpater 0441 36 0996 19 04187 39
Ind. Caglomeraie 0401 30 0415 12 0429 29
R&D 0209 45 0241 il 2 0915 01
Inaell iR atio il B8 i/

Castait §0 142 il 8 385 138 2897 92
Psaudd/h dj. R? 023 0 814 0 Bl4

0 bsernatias 1218 .Y A2

I oes D ependattvaricbE is bgsaks. IT ad K daoke IT inestmattand nan T
inestment, respectinvely. H, Il , and U denote university graduates, vocatianal sdhool
gaeduates and unski lied warkers. Farthe Ullsampke zaerovalles ToriT and K have bean
repleced by 0.000001 = DIl 1. I erovabes TorH , Il , arU have been rieplaed 0.1. @
T -statistic are basad an bootstigpped estimates of the \variance coariance matrix ofthe
estimators.
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Fguare7.1: D istributian ohinputautputelstia ties basad on the restricied samp e
WesH

IT- investment output elasticities Non -IT capital output elasticities
350 T 350
300 - 300-
250 - 250
200 - 200
150 - 150
100 - 100/
507 50—
Oi/\ O o o © o o V 0~
b : : h h b A o o o Vv
O T 2 5 2
350 - High- skilled labour output elasticities Medium skilled labour output elasticities
350
300 A 300 4
250 - 250 |
200 - 200 -
150 - 150
100 - 100
50 A 50 |
0 - 0
A o o o = Vv A O O O O O O o Vv
s § & L & R ShR e R E @ 2
& o 2 e S -
o R o N d e & =& o &
350 - Unskilled labour output elasticities
300 -
250 -
200 -
150 -
100 -
50 -
0 )

00>
G0'0-00
T0-5S00
ST0-TO
¢'0-ST°0
2'0<
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