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1. Inscductian

W hikEinthel) &s publicinian feared thatcomputer antrolisd madiines cauld
evantually erace the damand Tor ble cdllbrwakars, the 199 0s have withessed a
public goprdhasian that infamatian tednology (IT) may replkace the midde
manecematt O ruder1988). A basic theasticaal justi..cation at the miaosmo

namic el Tor this notian an be Toud by panting o the bner magnal and
ol asts edibited by IT pital relatine o human pital The dreraass in
astwould suggesst a suostitution of IT cpital Tor the mare easive manege

mattand denal warkars, assuming similarmargnal praducts of IT and human
oial Similardy, transaction ast theay implies that the number ofF manecers
auld be astshamply due © the inttaductian of IT (| aloe ad R adart1991).

T hus, thearetical analysess as Well as infomal evidence sugsst that the prevalait
soreed ofFIT in all pes oFaTierprises may ae ectthe sk ll sruciure within .. ims.

InNtheUS,80% OFIT epaxturs areinested in the serice sector (B rynolesm
1992), 6 emman ..gures shavsimibartedendes. W ithin the servce sectar; wholke

sak track the..naence ad insurance industries, and business serviass have shonn
the highestadgotion rates of IT (| detridge 199 2). D ve to the signi.. cantroke of
IT, the service sectoris prae 1o be sevarely & ected and 1o eenance the mast
sgn..cantdengs fran the nse ofiIT .

T he Nk betineen both infomatiat and communicatian Gpital and the skilll
structure hes bean enpincally analysed by anumberofstudies (Torasuney ofthe
Iterature seeChaelb andV ankR een 199 8). T hemajaity ofstudies reles an
industry: el data o relate the rate ofdnance in the anploymeantshare ofski lied
Eoaur- rather then the bl ofthe eanpbymaitshare - 1o the industry’s inftial
IT ool inestmattratia 1N atrsst o the public pinian’s ars matiaed
aboe acamnman ..nding indcates the ampkemantanity ofIT pital and skilied
Boaur. Berman Barnd axdt rlides (1994) aswellas) utar; Katz and Kruecer
Q997) proackeU S evdance atctre TaurFdgtSIC el thatthe dhange in the ast
share of sk lied Bbaur is paitinvely relaied 1o the industry’s inftial iniestmatin
amputess. H askelandt edan (1999 ) presantamibar.. m- el riesuls IrtheU K
whikeD ugetad( reenaen (199 7) proide evdance that the dhange in the skl
structure is relaied 1o the intrioductiaon of pracsss and praductinnovatias using
Rendh..m beldaia 0 uranalysis ofthe determinarts of.. - belsk lintesity
is dosely related 10 the gppraadh presatied by B resmnahen, B njoliesan andH it
(2998). T he authars estimate a ..M el demand Tnadian TorIT  pirtal basad
ar apael of 311 U S aampanies sgparating the wark face into alliege educated



warkers and prolessiaak. T har..ndings suggesstthatifa.. mm inaeesss s wak
faes skl bel by ae standad deviation (inaeese of 25% ), i1ts demad Tor
IT pital will rise by goprodmately 135% . T he authars acondude that skill

IT anpbnatanty is the dominant ector in eplning the damand Torskilied
Ebaur:

A relied aea ofthe Herature eaminess the autput caontmbutian ofinfoMma
1o Esd oy in a producian TTndian framenarkk T he resullts shonn by the
\arias studies honeer; donotpaintaasstentpicdure. Estimates of the auke
putekbstiaty ofIT oital range fram 0.05 B rynolesan ad H 1t1995) ar0.10
( idabaglif5) ©05 ( iditadlil ad1997). T he..iIstenostudies uisean un
balenad panel oF200-400 EexgeU S. . ims, ohvhidh a thirld are serice proJaders
tEeaen fran te ID 6 /anmputernward suneys an IT spading Liditad il adh
(199 7) shawvevdence ofa mudh higer autputekbstiaty of IT  equipment bassd
N IT usace data fran the Intematianal D ala Capaatiant emay’s 1T suney’
aaducted Torasampke of 790 6 eman ..ims. U sing simi larly disagorecaied data
Tor® US buaness units L oanan (199 4), an the atherhand estimates that the
aontributian ofinfamatian cpirtal o ..nal autputis negigble.

A san altemative gppraadh L iditierberg(1995) andD enenandll in(1997) 1o
as o temagnal rate ofsubsstituitian betnean dis erentttypes ofski I (induding
IT Eoaun), IT gpital and other feciars ofpraduction. L idttenberg (1995) ..nds
thataelT wokeran be substituted Torsx nan T wakers. Inatast, D enan
andll ins (199 7) resuls indicate an elbsstia ty ofsubstitution ofgpprodmately ae
betnen IT pital ad otherBctars ofproductian (Gpital and non dic erentiated
Ebaur).

In this pgper we hpe 1o side step same of the prdblams vwhidh may hae
antributed © the inaosistandes in the aboe studies by Toasing eplidtly an
e service ssctiar 1o provice same mare indicative evdence of the aatributians
of IT 1o both producivity ad the ..im’s inputmix. T he motivation o the
dxace ofssciaris twolod. T he ssctoral distribution ofIT sugessts \estly diz ering
degress ohimpartance ofiT by sectorand motivates amare detal id study ofthcse
sctars inwWnhidh IT gpial is highly conaarated. |n addiion, a detal ld study
of the service ssctiar can enhance aur understanding of the empinGl riegubrities
ofthe tertiary ssctor; an areavinare researdh hes been imited despite the sectars
goning impartance in mostindustitalised countries” econamies.

In the ..1Ist part of the paper; the determinants of the skill structure will be
eamnined. FallboAningB resrehen etal (1998), we investicate the inkbetneen IT
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and skllintersity ratherthe reltiaship betnen the dangeinskillinesity ad
teintallT bel Thedataisdannfron teldi51 arham Service Inmoatian
Parel (I IP-S) whidh hes praviasly been anallysed by L idttardll odh (199 7) ad
Kaser(1998). D vetodata imitatias wew lHoas primart ly an the subbsamp ke of
W estt eman..mMmsadedldetteEsst aman...ms fron mastofauranalysis.
Sine the data sstindudss detaed .. im-spad...c daradieristics sudh a6 ..mims’
agenisatical strudure and innovative actimty, this paperproAides newirdgts
into the determinants of heterageeas .. ims” skl decompasitias. T he seaod
partofthe pgpaerfoass an the retum ohuman gpialad IT iInestnatt W e
goply a fedble nctical Tom 1o estimate the production onctian. In aarast
1 B ryndlson and H it (199 5), we divide the Boaur usd in the productian
procsss into thiree separate skill dessss whare highy and medium-skillied Hbaur
is messured by, respectinely, the number of univarsity geduates and vocatiaal
school greduates emplbyed by a..m.

T he yautofFthe pgperis as Ollons. Sectian2 autlines the ecoaometricmacel
Sectian 3 desaribes and summarisss thedatas Insectias 4 ad 5, we presaitthe
resuUis 1o the Bt damand eguatias and the productiaon fTonctian. Sectian 6
aoncluces.

2. BEcaxanetricll ocel

2.1. Fecor Shaxe eguatias
211.N odelsgoea..catian

Toinssticate the Nk betinean iNnfomatian ted oy and the skill intlesity of
te ..M, we enploy Bctor damand equatias. || any econanetric studies of the
ampbnattanty ofiT and skilied Ebaurbae used avanabe astiunction frame

wark 1O eanine whether sk ll intasity and tednology are paeitively conelated
inagvaenacsssatian Q ansetal 1997). W egoplyasmibrssteup de.nedoer
o oues-..xed fatars ofproducian; IT investment(IT ) and nan T investment
(K) ad three \vaiabk inputs; univarsity greduaties ( ), vocatiaal sdool gradur

akes (I ), and workers withautdegree induding goprentiass (U ). U singatrarskag
asst Tunadiaon and under honaogpaty of degree ae in pricss and hamothetia ty

Shepad’s Enma implies the TOlloning ast shares Tor the thiree tpes of Boaur
(s=Charelb adVanR exen 199 8):



il " PX ; X -
= = 5= 0 i F(BFR )+ K=Q )+
iR T C o SVERRDE T HK0)
et HIT=0)+ y

where C daotes the ..im’s tolal ast; P ; the price ofinputi (i= H, U), ad
X ; the aditical Bdordanand Torinputi. S; is thus the astshare Irthe tho
Bpes ofF Bbarrad(Q denotes total saks in naminal prcss as aproky Tarautput
W e namalise by the fctor price ofFmedium-skilied Boaur; Py . | oe that the
medium-ski lied Boaur eguatian hes been drgpoped because the asst shares sum
ity Thepaameters ;. ad ;; messure te e ects oftte N IT pital
tsaks ratio (K/Q) ad e IT pital o saks ratio (IT /Q ) an the Boaurast
dares. A paitive aet dentan the inesstment to autput ratio in the unhversty
gaduaies share egquatian (|« > 0) indicaiss freanpk tat pial is a
anpbnatt o skilkEd Ebaur: Simibarly apaitne et datta te IT pial
o autputratioindicates sk lHednology aampbnattaity. 1fboth |+ > 0 ad
ot < 0, then tednolgy is skilbbissed. A ssuming a astatinestmat
oAl ratiq the invesstmant o autput ratio is taken as aproy T te pial
astput ratioin the toiNnestmattssctas IT and nanlT .

Sinee dar prias (e wagss by skl dbess=s) are geerally not aa Bbke
acte..m kel ae an eanpby the skl sped..c enpbymait shares 1o proxy
the unknonn astshares! Furthermare assuming that rieltive wages Py /Py )
a (Py/Py, ) ae astantwthin industries, the e ects of relative wagss an be
Gptured by industry dummies. T he ganeral spad. catiaon used in the olloning
enpircalimpbEnattatian reltes the enplbymaitshares ofeedh skill cess, E;, O
te IgIT epadture © OEl sAks ratiq te bgNM T epadture © il
saks ratiq as Well as a setof gopropriate aontral \variablkes.

X
Ei = @it w« FK=Q)+ 3 HITQ)y @ GHKQ)+ @1)

F1

X _ X X
575 HIT=Q))+ it nlmt
F1 F1 m=1 n=1

ndn+ l—'l

Lindustry: el infomatian an wagss T dic erattski ll graps aauld be dotained fran wage
ad salary statistics. H onever;, only whokesak ad retal ttade transport and banking ard
insuranaee are vearad by the of dalt erman wage statistics.
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o bebbn). dis adummy indicatorwhnidh equak ae ifthe ..im is a mamber
ofindLstry §, hes size dess m, argual..es Tor perfiamance indcatarn. Totest
whether the investmentimpact an any gven enploymenit share \aries by indus
oy we inducke interadian erects of e IT inesstmattar nan T inestma it o
saks ratics ad the industry dummies. A s a namalisatian we exduded ae of
the industry ad size diessss eadh In the estimatian. Since Bctor pricss are not
induded itis notnecsssary o impcase the aodiias ofsynmetry ad nearho
mageaty in Botarpricss. Caseguaitly eech enplbymantt share equatian Gan
be estimated separately by 0 L S. H onever; the degree affsubstitutabi ity betinean
diz erant types of Boaurad infomation tednology cannotbe ascertained when
enplymaitshaes are used ad Bdorprics are notadakBbke A paitwe IT
aet daitin the anploymatshare equation Torgeduates then simply indicates
that.. ms with hideriT inestmatttosaks ratics hae ahigerskllintasity.

A ppropriate aontrdl varisbks N vwnidh may ar ect the skill compasiian ofa
..ImM’s Bbaurface indude infomatian an the .. im’s epartaiattatian, partidpa
T inR &D and onnarship fom (partofindustrial conglomerate). |n partiaular;
epartaiattatian represats agood antrol variebe because the eparing activ
ity oft eman..ms is ancantrated in skilbintensive goads and serviass.

2.12. Casoing ad samplke selectian issues

W hen esimating enplbymant shaxre equatias, several econanetric d¢ ailies
anse induding (1) asaing oftte enploymentshares, (2) zerovales Torboth
Bpes ofFinestmattand (3) autliers due 1 Igparting enas.

Emplymait shares are baundsd betineen 0 ad 1 sudh a0 L S estimates
wi il be inasisEaTtad a truncated regressian madel may be enployed insteed.
Furttrermare the dosened datacatain somedisters ofzaro arae\albsstTarae
amare\arabks. T hase variables migitbe aasored atherin the uppera l Can
e ngdit) arin the bnertal ofthe distribution (Can the Eft). In this partaular
goplicatian the three anplbymantt shares are aasared fran both sidss of the
distribution. T hus, the carsared regressian modkel may be mare gpprapriate then
e truncated riegressian madel 1N the basic aarnsared riegressian macel the troe
uderlying depadantvariabk v, Is a fTundian ofa setofindgpaedantvariables
X



Y= "% %) 22)
wvhi ke the actually doserved \alLe ofthe depadattvariabk v is gven by

L V- L
=_yY= "%+ L<y<U
= U v _ U

where U andl daote the yoper ad boner carsaiing baunds, respectinely.
Thevalbesstory ify -1 ay _ U aeuxdsernad. BEquatian 2.2 is averiaitor
terjtm(J:blvﬁdﬁalb/\sfrcasmnglnbdhhlscﬂtedsmtunm Ifthe
residuak are namally distributed equatian 22 Gan be estimated by maxdamum
lkelhood methods. T he assumptias of the stendard T doitmadel indude aan
saing an ae sice ofthe distributian and the hamasasdsstia ty of the disturbance
tems. H anasaadestiaty will be viockied thaudh ifthevaniance is Toreampk
propariaal toae ofthe riegressars arits sguare. Inthis eee tell L -estimator
oftre T dortmadelis inarsistait W ew ll conectiorpotatial hetercscadestia ty
by usingamultiplicatine hetexasaadestic T dortmadel whidn spad...es the vartance
of the emar axms as var (') = %4 = %' exp(%;). In this ped..catian, z is a
sst of independat vaiablkes that passibly anddes with the eplbrataory set of
\ariablks X Inthe aumantgpplicatian, allvarables exaptiortheastantarein
duded in the hetercscadsstia ty Tunctian and the hetercsasdesstic macel is tested
acArrst the hamasaadsstic bese madel using a lkelihood ratio test (s2 6 reare
1997).

A notherway 1o esimate the enploymant share eguatias Ollons the ger
alisedH edkman gopraedh (T ype2 T doitmaoder). T hetno stepH edkiman metthad
is relied 10 but kss restrictive then the T doit madel since the parametars ex
pEnng the ..M’ dedasian o anply ahidh, medium, a-usk lied watker are
notaastranad egLal tothae eplEning te el aenpbymatshare ofeadh
oftre skill dess=s. T he 80 stece methad aasists ofa P rdort selbctian equatian
and the structiural ecuatiat

z7 %%n+ $, 23)
1 z7>0
0 z7 -0

%+ L< y< U

Z, =

y
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wherev; is vedtor aasisting of .. im size and sectordummies, the los ofthe
IT iniesstmat o saks ratio ad the inesstment to saks ratiq and other catardl
\ariablkes. 0 ne shartcoming ofthis gopraadh is thatthere a ewvpotatialvarisblkes
whidh eplan te ..Mm’s deasion toanploy avnwatkerofa cartain skl and notthe
enpb/mattsare. W e use ..M size as the idatifing \vanebk in the sanpke
selbction mackel T he estimaties of the P rdoit selbectiaon eguatian Tor the enploy
matdadsian are usad 1 astructan estimate Tortre iners2ll 1k ratiownidh
is induded as an eplbnatary \variabk in the estimatian of the structural model
\ ote thatwe do notacoountoraasaning in the yppeaertal ofthe distributian in
e thostep esimation procsdure. H oneer; the highskillied enplboymattshare
equak toae oy Tormvay Bw..ms.

T he sacod estimatian prdblem anaars the multipke zero valles doserned
o bath types of inestmant P olatial solitias indude the use of e bal
rather then the loarittm of the IT O saks ratio or the riplbaEmatt of zero
epedturss by asmall butpasitive vale. 0 bsernatias with zerovalbes auld
abobeexddad butthen the estimatian of the employmentshare ecuatias must
acoountiorthe selbeatian biss therdoy induced. W e proceed o jJantly estimate the
enplymattshareequation and the investmentdedsian by extending the standard
T dortmadel 1o the sample sebection T doirtmaocket

z = %?Vz + &, (X))
5 = 1 z7>0
; 0 27 -0
y' = E?Xﬁ "
L V' -Ladzg =1
Y 7 =%+ L<yadz=1

where a aneltian betineen both enmarterms is alloned C orr[' ;5] = %).
T hevariabks in theempbymantshare eguation an anlybe dossernadwhenz, = 1
(e naezaoabes ratheriT anmIT inestma). W e inftially estimate a
P rdortmadel whidh idanti..es fectars intuenang the deasian ora.. m oinest
iNIT anmIT pital T heinversell 1B ratiois then usad as acorecian in the
ssaodsteceanplbymattshae T dotregessian. T his tho stece estsouares pro
adure proades aadEstat butinet dattestimates ofthe sampke selbcion T doit
madel EC dattestimates are dotained via Tl informatian maxdimum  kkelihood
methoods using the tho stece Esstsguare resullls a6 starting valles.
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A Turtheresimatiaon prdolem is the presence ofautiers. T hiswillbe eddressd
byl A D estimatiaon ofthe enploymertshare eguatiass besad an a restricied sam
pk (ecduding zerovales Torboth tpes ofinestmantas well s zarovalbles Tor
unharsty gaduatss). Far amparisan reesas, an addiiaal sampke sebctian
madel is estimated. H ere the selection ruk Ollons a disaete dxaace madel ex
pEning not zaroinesthattepaxdte as Well as naon zarovalles Toruniarsity
gaduaies.

2.2. T he P roduction fuctian
221N odelsoea..catian

W e usethe production Tuncian framenark toexamine thecaributias oAT G
ital and human pital o autput T he Tunctianal Tom usad in this pagperis the
trarshg pradudion incionwith . \e inputwariabkes. Inits lbcantmictasior
matian, the relatian betnean inputs and autput Gan be witien as (aniting the
..M subsaiptior anvenien®):
X 1 X X
h = ®,+ _®ihXi+2— ) _°ithihXj (2.5)
1 | I |
whereX ; ad X ; are stodkmessures ofinputs Y danoles autput 0 ne achent
1eoe of the trarshg Tunciaal Tom oer the Cdob D augies productian fonctian
is that the autputekbstiaties are not resstrided 1o be the same aaGss all pes ofF
..Im. Starting fran the trarslog production Tincian, several isstrictive functiaal
faoms are nested and éan be statistically tested Toreanmpk the Cdob D augkes
production functian impcsss the risstricias of )= 0 8,j ineguatian 25. The
autputekbstiaty with respect 1o inputi Whidh messures the percantace inaeese
in autputin respase o a unitinaesse in the inputariebke is amputed s the
denmative of the producian fToncion with respect to the kot ofi. Farthe
trarshg functiaal fom, the autputekbstiaty is thus atundian ofinputi, aswell
as the mmaning inputs iNto produdian, §;

. _ 0 X o
i:@l‘i(-:®'+ ) ﬁwj (2'6
! 3
T heW aldd testis ussd o testthe nan inearhypothesis thatthe autputekstic
ityissgi..cantly dicergitiaom zaro. W e goply the trarslog production Tunctian
ce.ned oerthe .. \e inputs iNto praductian; the thiree Bbaurskill dessss, H, I,
adU ; and thnotpes ofepital IT and K.
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22 2. Bstmation tednigLes

T he ubiasad and aasistantestimatiaon ofthe producian Toncian is complicaied
by the Olloning econanetric and data prdblems. (1) the use ofFfons as prodes
or pital stods  (2) anitied variabE biss due 1o missing material inputs, (3)
endogpaty ofinputs ad (4) the ok ofautliers.

T he productiaon fundian sped...ed aboe is besed an stodk messures ofall in
puts 1 account o the ot that psstinvestiants in Gpittal make aotributias
1o autputin the aumaitperiad. T o daenve astodk messure of gpital inputs INto
productian, mast aammanly a wadttied aerace of past ek of inestmatt is
anputed. U niaotunatiely thell IP-S dateset employed in this study does not
antain messurss of the net pital stodk ar past inestmatt tons at a dissg
gaated bel TriT ad mn T gpital W e tharekre use inestmatt fons as
aproy TorttelT add nIT pital stods. Sane just. catian or this dyace
of prodes is prosided by the Tolloning evdance. T he natianal acoounts provides
infomation an the oerall net epital stodk Torl4 service industries. |n adesaip
e riegessian of the investment o saks ratio and the net epital stodk o sakss
ratiq we ..nd astrag pasitive relatiaship. T he P earson aonelation aoet dent
iIs0d7 adsgi.catatttel % bwel The egessaestimated by 0L S yiekks

L =093 + 0056 adj.R?=094;0BS=14:
Q @9 Q
4 8)

where | daotes tolal inesstmattat aumantprcs, Q gess adtputad C the
netcpital stodk ataunmaitpras. A ssumingaarstantshae oflT epaedtures
autofto@al inesstmant;, the fowvvalles ofIT and nnIT Gpital may provce ac
aurake prodes of the underlying pral stods. Inthe ase ofIT pital aunent
epedturss may be vary dose 1o the discounted acaumulation ofpsstiT ean
dtures due tothe high rate ofdepredation ofcamputer spital Since investment
Tons an anly serve as gpprapnate prodes Tor the undosenad Gpital stak in
e = vhere the ratio ofinvesstmatt o Gpital stok is relatnely stebke we are
notabke o extad auranalds o Esstt eman .. mims where the stabi ity ofthis
reltiaship bregks donn.

A nother Imitatian of the data anaars the bk of .. Mms” matenal epean
dtures. || ateriab ae honever;, impartait Bctors of productian in the seriae
scir. B ased on sectaral data, the share afmatenak in tolal autput rangss fran
3 % inbanking ad insurane ©§6) in wWhoksake tradke? To acoaunt or the

2See bk 7-3 in the gppeandix.
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missing epbBratay \acbke tolal wace asts are usad as an altermative proky
To\alle added insteed of sakes.

Sinae trell IP-S datasetis damned fron suney respasss, the exiattof er
raneas respasss 1O the suney qusstias and resuling lrge autliers hes to be
aasdarad. T he rioke ofautliers w ll be investicgated by emplo/ing median riegres
san madek. N median riegressian modek, estimaties are dotained by minimising
e sum of the absoluie rather then the sum of the souared residuak so that
autliers are discaded in the estimatian procsss.

Fnally the direct goproedh 1o estimating the praductian fonction hes bean
artidssd because itigares the smuliana ty aeated by the inputand autputde
asias ¢ ridesadll aresse1997). T he prdolem ofsimultenaty can be sohed
by inrsttumattal vaxriabk (1V) estimation. A ppropriate insttumnats or.m bl
data inducke the predetermined input ek from previas perios ¢ nides ad
Hamsman1I86l aresseadH all1995). H oneverinput ek fran previass pen-
ack are aurently notaa Bbke ad this partiaular-prdolem will only be addressed
as TUturevases oftrell IP-S data setbaecome aa Ebke

3. D ata desanptian

0 urempircal anabysis is besad an e .. Istvwae ofttell arnham Serdce o

vatiaon parel (I IP-S) wnidh aotairs infomatian Torld 9 4. T his surey hes bean
aoducied o eanire the ilmoatian behaviaur of service ..ims (Ior detalb see
L idtandll adh 1997). A pprodamately 2550 ...ymms partidpated inthe ... iIstwae of
te sarvice parel chnnidn 19 ..ims are located in thell estand 924 inthe East
(s=tebk7-2 inthe gopendiX). T he key ariebless covered by the study are sakss

inestment, the skill structure of the wakiace and a e number of quantitia

e ad galtaiie dummy \arablkes (productand procsss ininovatias, er edts of
inmowatian, R &D adivties, impartanae ofextarmal saurass of knonedop).

Skill is messured by the enpbyee’s kel of educatiaal gal. cation. T he
aignal data bese distinguishes betinean . \e skill dess=s. (1) polytednicaruni-
\arsty gaduates With engnesring ar natural sdence dagress. (2) palytiednicar
uniers ty greduates With ecocnamics arsodal saence dagess, (3) ted nical adllbece
gaduatss (’Fadsdubbsdll’), (4) vocatiaal schoolgaeduatess, and 6) workers
wrthaut any achenaad degree ar gopranticss. T o dotain meeningiullly sized skl
dbssss we aanbined (1) ad (2) into the high ski lied diess (university gradlaies,
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H) ad (3 axd (@) into medium-skilied Boaur (\Warkers with vocatiaal degres

). T he toalwakioee is the sum ofthe thiree skl grogps. 0 utputis messured
by total saks in naminal pricss. BExpenditures an materiak are notada bBbk. 1T

is de.ned by 199 4 ilnvestmenttin infomatian and conmunicatiaon tedyology, 1T

indudes epadtures an amputaers, peripheral equipmatt ad softhare. T otal
aGss investmattis abo proAadad. In adarto axad dabke aunting we subtract
IT insstmentfrom ol inestmattto dotan na T inestmatt

Incomp Ete infomation an gass inestmantt, 1T investatt; anployess by skl
dbss or.m daadenstics Ed to a redudian ofthe sampke 1©1231 W esté er
man ..ms (fardeta kb see Eebk 7-2 in the gopadX). Furthbermare we exdudsd
dosenatias drgpped that catained imputed datas Imputed valbes Toremploy
mattand saks reducd the sampke size ©1219 inthel estad 713 in the East
Fnally three dovias aatiiers (iInestmant 1o saks ratio exasacs 200 %, 400 %
in the Esst) ware emowed fran the sampke (see bk 7-2 in the gopendix Tor
ceta k).

T he data set aatans a Sgi.. Gt number of atries Tor whidn investment
ar'IT investmenteguak zera 0 utofthe oAl samplke of 1218 ..ims, 273 repart
zeyo epedturss forather ol inesstmattariT inestment, ohwhidh 89 .. ims
repart zero epaditures forboth ol ad IT inestment 9 6autof273 .. 1ims
repartpaitive ol inestmant;, butzero epaedturss TriT epadturss. T he
remaning 88 ..mMms pat paite IT epadtues but zeo @l inestment
epaedturss sudh thatlT epaditures exasd ol inessthattepedtuss. In
these aass, the resuling necative Nant T investmant hes bean replacd by D
1. T he age rumberof.. ims (88 auttof1218) whidh repartzero total investment
.aures, butnnza T iInesthattindcatss the presaae of rieparting enras.

Tabk 31 rpat asrags ad standard deviatias of the key variables usd
o te sstimation. D esaiptive statistics are reparted ssparaiely Tor the East
andWl estt erman sampkes. Sinaee sampkewadts are notusad the sampke is not
riepresantative and shaud be intarpreted with cautian.® 15 %  ofthe sample riepart
auniasty a-higaertednical college dagee as tharhighest el ofeducation.
T he avespading .gure Tor Esstt eman ..ims is 23 % . T he prgportian of
medun-skiiied Bbauris @ % wth amedian of 6 % while usk liied waters
accountorgoproamately 25 % - ofthe waorkdoree

3 Khaudh a non respase analysis is dae at the I BV, sample weidhts are not used
alubte adjusted ratics.
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Tabk 31: Summary Statisics

V artabB(X) ey e Std Nin. Il ax >x0 >x1
dan dev ®) %)

W estt erman ..ms (n=1218)
H igrskilied Eoaur; H 37 3 168 0 8000 277
I edium-skillied Boaur; | 35 20 342 0 107000 21
U nskilied Ebaur; U 186 6 183 0 2000 244
6 ross investoate(l illdl ) 134 025 1&8 0 563 U5
IT inestmertt (@ ilD I ) 22 095 2 0 1063 152
H share (% ) Uy 56 217 0 000 277 05
I share® ) 26 &) 283 0 1000 21 86
U dhare®) 255 152 1281 0 000 244 08
N aIT inv, % ofsakes 50 19 121 0 139 U5
IT inv,, % ofsaks 13 03 29 0 429 152
Eastt eman ..ms (n=711)
H igrskilied Eoaur; H 29 4 198 0 4000 162
I edium-skillied Boaur; | 86 17 295 0 133 28
U nskilied Bbaur; U 49 3 209 0 3 39
6 ross investoae(l illdl ) 56 025 236 0 0 132
IT inestmertt (@ ilD I ) 056 094 58 0 19 149
H share (%) 228 104 266 0 009 162 07
I share® ) 576 688 1292 0 1000 28 73
U dhare®) 196 839 266 0 000 39 14
N aIT inv, % ofsakes 154 21 374 0 329 125
IT inv, % ofsaks 29 05 59 0 949 145

YT he mears gven in the bk are arfttimetic mears.
Saura Il anham Serda Inmmowatian Panel 199 5.
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W e dosere tre b Bek aofinestmant relative 1o tolal saks wnidh are dar
aderisticofsarvice ssctar.. ims. D epite the riepid IT acaumulatian thathes been
Bdng pbxE in the serviae sectar; the uwdaditied aerace ofIT inestmantas a
peraantace of gess saks anaunts 1.3 % N 1994 conespading toabaut 17 %
ofFotal aerace inestmat

Tabk 32 atars infomation an .ms’ industry a¢ katian, size dessss ex
patbdaiairad ilmoation variabks. A rumberof.. m-spaed..cheteragpaty
atral\ariabkes are induded in the riegressian equatias, anag them ssciorad
sizedummies. AHm size is de..ned by numberofFemplbyess ad ...rims are diviced
inD .\e size desses  the refBrenee gap hes ks ten 10 anpbyess, the three
medium-sized dsses are de.ned a5 10-19, 20-4), and 50-24 amployess, whike
ke .. ms ae de.ned ohae mare then 250 enpbyess. A bautl7 % autof1218
W estt eman..mms hae Ess than 10 warkers. In1994, 3686 ofiV esth ermanad
23% offEsstt eman..mms belonged toaaapaate gap. T he share ofepoarting
.MMsis24% . T he seri@e sectoris brden doan into 10 subssckars. A mag the
Lervi@E .. 1ms sane regauping ofindustries wWes Tound o be necsssaxy. Industries
writh a Eexge number of . Ims sudnh as market servicss are pitup into aamputer
and relaied softnare (| A CE 72); R&D Hos and tednical asultants (| A CE
731, 742, 743); business casulterits, boal serviass, and acoaunting (| A CE 741);
and other business activities indluding deening and achertising (| A CE 744746
74, 63 all).

Tabk 7-5 in the gopedix shons the sectoral bregkdonn of IT and nan T
inesstment, both in% oftotal saks. 4 s matianed before samp e wadghts bassd
a1 annrespase aalsis are notused. Canputer add R&D Hos as welll as
business seriass passess the epedted hider IT Inlasity then the emaning
scias. W hdesake ad reta l tece etibitvary bwiT iniestmattto saks ralics
a result whidh shaud be interpreted with sane cautian. 0 ne reeson or the
b IT inesstment 1o saks ratio may be the high share of material inputs in
thee sscars. W hdesalke track trarspart and cammunity sericss (in partiauliaer
sanele sanitatian) Gan abo be dissi..ed as Gpialintasive industries.

Tabk 34 rpats the skl dsompaatan ak the ssctaral bel T he serviae
ssctr Gan be div ergtiated an the besis of knonkedce iIntasity exoressad as an
indLstry’s propartian of warkers with a university ar higher allege degree aut
ofoial waters. T he mastsk llintasive secars are the amputer’ softhare ad
R&D Ebaatxies ad tednical asuling sectars a6 Well as business serias
(cosultants, bopl serviass, acoounting). 1N these sectars, the share ofunivarsity
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TabE 32: Summary Statistics 0 unmmy V ariebkes, percaatace share of total)

W est Esst
©BS=1218) (©BS=711)

Sector distribution (| A CE cessi.caian in parentbesis)

W holesale tracke (B1) 176 118
Retalttace ad rgpairs B;2) 129 103
Tragpart(@l;a ;636 ;ed 63;6/1) 129 143
B anking and insurance (65; 65, 67) 179 119
R eal sstate actimties and eing (4 ; 1) 62 914
Camputerad related softnare (7)) 68 48
R&D Hos tednical casullents (73142 ;43) 49 169
B usiness aosultants, kopl acoounting (4 1) 62 41
0 therbusiness activities, deaning advertising 135 134
(44 § 46,48;63361)

0 therammunity serics senele senifitatian 21 45
Q00 §924)

Size distributian in &ms ofolempbyess, | :

Sizel: L <10 172 229
Size2: 10 -L < 20 186 143
Size3 20 -L < 50 188 226
Size4 50 - L < 250 245 289
Size5: L _ 250 219 121
0 ter indcators:

R&D perfomer 181 134
BEoarter; 1994 243 86
P artofindustrial cangomerate 1994 6 238

I oles T he mears gven in the tebke are aritmetic mears. P erfamance indiGator
dummies. epater= 1 if..m hss eamed pasitive reverues from epats Trldf 4.
P artofindustrial coglomerate= 1 if..1mm is paentoarsusidary ofanother.. im
in1994. R&D = 1 if..mMis ca=siaally aratinuasly exgegd inR &D activities.
Sauree | aham Service Inmmovatian P anel 199 5.
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gadlates Issbetneen 0 ad45 % (il iaoCasus besis ss wellssll 1P -S data
s=0). B ankingand insurance as Welll a6 real estate and aommuni'tyy seriass Gan be
ckssi..ed as medium- sk lintasive industries. Finally, wholesake and retail rade
transpartad other buainess seriass (deaning advertising) an be dessl.ed as
bwskillinlesive. W holesalke and retai Hrade and otherbusiness service activities
tBad o hae amajarty oFmediumn ad uskiied Ebaur. A conparison of the
highskiedsareadIT insstmattosaks ratioproAdess informalevdence that
the sectars whidh are skl intasie are the aes thatuse IT intersively.

T he surney’s respaee rate is reatinely bvywhidh sugrests that. ims partia-
pate selbctinvely. Sinae the guestiaaire aattains a number ofinnovatian related
qusstias itis passibe that the sampke is disprapartiaally aamprised ofinnoa
1as. H onever; amparabk indicaiors ofIT aranmunicatian inestmattat the
ssctiaal bl are notaa Bbke soitis di¢ ault o guentifyy whether inmovatiars are
oersampld?

T oedanire the ripresatiativaess ofthell 1P -S suney partidpants the aer
ap skl stucture in the 1995 wae ofthet erman L ebaur Faree Surey (1l iao
Cawur’), asuney at tre bal of the individual is examined by adding aaass
partidpants who are anployad in ae of the servicee ssctarindustries. Tabke 34
ampares the sk ll structure ofthe thodatasets and rgparts anly minardic erenass
in the highskillled dhares. A atss seciars honever; the share ofurski lied warkers
inthell IP-S ..m datasstexssss the conrespading..guressinthet emanll iao
Cass aasiderably.

41n general sectoral information 1T eanditures is notave Boke. Forthe total eaonamy;
EITO mpartsalT /6 DP ratiocfaraund?2.1 Y% fort emanyt™orld) 7. T his ratiodaubld 142
% when ammunicatian tednology is induded.
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Tabk 3.3 Q ual.cation struare int eman sar@ industries

Q ual..cation Structure (0 share oftotal wak o)

I IP-S 352 I iaoCasus 952P
HE U Obs. H 1 TE 0 bs.

W esth eman..iMms

W holesake tracke 94 &b 250 214 77 /i 158 576
Reailtadk ipairs 49 726 2135 157 50 B1 163 1965
T ragpat 43 518 439 157 62 /A2 186 456
Bakindimuranee 147 749 135 207 115 BI 96 7118
Raeelsaterating 1439 69 211 Ml 12383 Bo6 141 1102
Conpuey/softnaxe 447 446 107 83 31 B8 77 1087
R&D Ebs/aawult 448 429 122 8 I 31 87 5499
B LAINESS serviass 23 5836 142 H 35 5B7 98 296
Otherbus. saviass 88 483 4239 168 109 679 221 5513
Canmunityserics 169 431 408 25 176 532 292 304

ToAlSaviESeaaor 149 36 255 1218 187 &8 155 101338

Essti eman ..ims

W holesake trace 104 62 235 8 174 771 56 850
Retaltak rpairs 128 A7 165 7B 71 88 82 4504
T ragpat 52 661 287 102 61 907 32 109 6
Bakingimuranae 207 676 1177 B 192 A5 53 925
Raeelsate/ratting 178 A2 119 67 195 B1 21 375
Caonputey’ softnase 551 411 38 3 R4 7 79 111
R&D Eos/yawult 387 Hi 59 114 44Z7 4989 51 9186
B LEINESS seriass 3l) 55 1756 3 BB 57 86 26
Oterbus. servicss 115 81 B5 95 89 82 83 1328
Canmunity saxv. 141 458 401 QA 31 a3 73 922
ToalSeri@eSeckxr 227 576 196 71 159 772 69 11523

3D atareBrs 199 4. ° T hestatistics arebesed an thet eymanll icoCersLsP LblicU seFike
whicdhantains 70 % ofthe ampEtell iaoCass. T het emanil iaoCasus is besed an
al% sampk ofthet eman pgoultian. T he surey is EImited o enplbyed workers during
the surney rekrene wak A pril 1995. Emplyment shares by educational calegary are
calubted ss the propation of tolal warkers (induding selfenplyess) in eedch ofthe three
educatiocnal categries. ©ll ears waded by emplo/ment in parathesis. ¢ ppretics
included

Sauraz | anham Service Innoatian P anel 1995, Il icdoCaxsus P ublicU se F B
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4. D eterminants of the skill stucture

In adar to guatfy the man Bctas benind a..im’s skl ineensity, the enploy
matshares are regressed against the potatial determinants disaussad aboe.

A s noted earer; 28 % ofthe 1218 W estt erman sampke ..ims do notan
pby high skilied Ebaurcausing the university greduates emplbymatshare tobe
asaad bebn Iniially we do noteduce .. ims with atherzeronan IT arliT
inestmentepedtures butinsteed riplbece zeroalbess by DIl 1. Tabke 41 e
pats the resulting maximum likelihood estimation resullts Tortno\arants ofthe
T dortmadel as well as the th\0 stage estimatian methad Torthe sample selbctian
madel T he ..risttno collmns showv the resulls Torthe T doitmadels, where ol
unn (1) cotairs the resulis Tor the stendard hamaosaadsstic maodel and column
(2) albns the disturbanas 1o be hetercscdestic. Sinee el R teststatistic of
Foprodmately 455 indicaies that the hetexooadestia ty madel annotbe rgjected
e inapretatian of the T doit results is anaanrated an the heteroedsstiaty
madel Farboth T doit sped.. catias magral e ects are canputed. Colmrs
G ad (¥ shav the re=uls Tor the sampke selbection madel Far the tnostep
H edkman madel we do notaosideraasaniing in the upperta l ofthe distributian
wvhidh may notintroduce asaerias biss since the graduiaties share equak toae Tor
alysxofthesanpke..ms. W e..rstestimate aP rdoitmadelwhidh idaiti..es the
dars infuenang the ..’ dedsian ohwhetther toenp by univarsity gaduaies.
T he aet dents an ..M gze are pasitive ad sigi. cantat the . \e pacaait b el
sugossting thait the pradosbi ity ofFemplbying university graduates dgpends an the
.Im size (see ablmn 3 inTabk 41). In arast all of the ..M size dummies
are ingi..aitin both ofthe Tdoitmaodek. | oe thatthe inversell 1l ratiois
Sgni..cantwvwhen added as an indgpadatvariabke in the strudiural ecuatian.

T he man resultis the sigi..cant, paitive relatiaship betnean the share of
unersitygaduatess ad IT investment T helT inestmater ectremains Sig...-
cantand roustaacss all spaed.. catias ad is minored in the resuls Torthe East
6 erman subsample (see gopadX). T hese results thus sugesstthatan inaeese in
TelT inesstmatttosaks rationwad s a.. m’sskllinest. Tuming®othe
dgze oftre IT impactan the unharlsty gaduates share a axrsistiaitly bwvale
istaund forte T sami-ebstiaty aatss all modek Whidh is samenhattsurpnsing.
T helT sami-elbstiaty bassd an the sample selbectian model is sightly Exgerthen
tTelT sani-ebstidties bessad N 0L S Torthe risstricied sampEe O L S results not
shonn due © space imitatias). The IT impactinaessss fran 0.00610 0.008
vhen treinvarell il ratiois induded in the resstricied sampE’s estimatian. T he
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estimated et dats ofthe sampke selbctian madel honeer; diceranly sigitly
ampared 1o the standard T doit model whidh is reesanebke sinae the .. size
dummies are the oy \variables nidh gppear in the P rdort selection equatian,

but notin the structural equatian.’ T he samplke sebctian madels IT aoet dant
of0.008 trarsktes into a reltively small ebstidty of0.054 % .© T hus an inaesse
intelT instmentto saks ratio by ae standard deviatian (50 % ) would only
rase the aerage ..M’ highskilied Ebaurshare by 0.03 paraatiece pants fran

149 % ©152 % . FarEsstt eman ..ims, the IT impeactis siditly smaller: A n
IT aet datofaand 0.006tashkEEss into an ekbstiaty of the highyskilled em-

pbymait share with respect © the IT investmatt o saks ratio ofF0.03 %  (see
©bE7-5). A Hinall the bwoatttaie e edts ofIT and N IT inestmattan
the univarsity enpbymaitshare sugsst that other- undoserneblke - fBaars may
ply an impartantroke in eplningskilinesity atte ..m bel

5 acaoding ol eungand Y u (199 6 the aitical pdnt ofthe performance of the H edknan’s
sstimataris colinearity betneen inversell 1l ratioand the rigthand variabks in thestructural
equation. H onever; the bR 2 of gopradmately 0.023 of a regressian of tre inversell ik ratio
an the rigthend varieblkes in structiural equatian indicass that collinearity is nota prdolem.

€T heebstidty isaomputed a6 "H.rq = g =Sa Where™  denoies the estimated IT coet: -
dantin the sampke selbedtion madel and s is the sample mean of the high skilled Ebaur share
besed an the Tl sample (dos= 1218), thus " rq =0 008=0 149.
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Tabk4.1: Tdotmaooek Torthe unversty graduaties enploymattdare (U est)

Sample selectian mookel
Tdoit H et Structural P rcbitSe
Tdoi€ mackl bction (H >0)
mag. t marg. t @ €t mag t
alb st alb st e sat el st
it 909 56 106 414 08 31
iq i003 §23 §002 19 904 4§26
itgEcomputer 920 29 19 36 13H 38
igEtEedh. aos. 143 45 166 43 167 414
itgEbus. sos. idl2  §139 123 16 918 21
ItgEconputer id10 §25 §911 4§21 §910 §19
W hoesaketrack 09 §33 951 §38 94 3§31 319 337
R ezl ttadkss i) §57 3988 §88 §19 §57 §25 52
T ranspart §100 §59 3980 §62 1B 58 13 i58
R eal sstate 106 03 901 09 918 06 §i5 07
Camputer 206 49 36 69 X6 61 23 L5
Tedh. as. 35 82 57 71 37 81 17 18
B usiness s\es. 156 15 23l 37 110 21 16 06
Otherbws.svs §943 27 §98 §49 I §31 20 §43
Canm. s\s. 106 02 §915 03 157 11 §i17 21
10-1<20 908 06 147 23 10 )
20 -L <50 908 05 13 17 13 33
50 -L < 250 112 08 049 A S S 89
L _250 007 043 D41 22 5 109
BEpoater 13 37 9021 23 156 31 13 37
Ind. Caglom. 929 31 116 23 13 .5 10 31
R&D 049 413 D14 177 93/ 42 18 36
Inv. Il ilBR atio 223 87
Castat 186 42 133 13 197 37 92 29
L ag ikelhoad i1033 1235 iF92
Psaudd/h djR? a7 166
0 bseratias 1218 1218 881 1218

20



I otes | oner e \arieblks denoke locarittims. 0 bs. summary Tor the T doit mackeks:
337 Eftcasaad ds. wth B, = 0 ad 6rigtcasasd ds. wthE; = 1. I a0
vabess TriTQ arlQ haebean replaed by DIl 1. R eference graup Torsactordummies
is banking insuranag, forsize desses size 1. 2 T he aoet dents of the hetercsaadsstic
ity tams have bean anitied. b D isplyed ae¢ daits are margnal erects, the partial
dermatives ofepected \alle with respect 10 the vector of daracieristics.

T he aet¢daits an the interacion &ms betnean the sectior dummies ad
tTe IT anmiT inestmait © saks ratio are statistically sigi. Gt in three
Gess Igedling a uniffom investmatt impact an the unhversity greduaties an-
pbmaitsare. Fa ssctas whidh hae histaically ben IT intlasive namely
amputey/ softhnae adR &0 His we..nd thatIT investimantis assodated with
gealer skl inest. Farthe computer industry the IT interaction aoe¢ dait
lies betinean 0.020 and 0.050, dgpending an the madel sped. catian, causing the
IT ebstidty Torthe sectortoexaead teaarae IT ebstiaty by 130360 . The
implied tolal IT ebstiaty thus rangs fram 0.10 ©0.16% . FarR &D actimties
and ednical asuliants, aur.ndings imply an edxesss oerte aaare IT ebes
aty of2) ©44% bassd an IT skpe aet datts ragng fram 0.043 © 00685
T he implied total IT ekstidty thus les betneen 0.12 and 0.14% . TheIT skpe
aet datforbusiness serviass implies thatT hes aninsigil. canitly smallerer ect
o the gaduatss enpbymantshare then the aarage ofthe other sectars.

T he mmaning eplbratay \aiablks hae the eqaeced sig. T he necatinve
reltiaship betneen e mn T invesstmanttosaks ratioand the gaduates share
hichlidts the &t that cpital intasive industries anploy a smaller fractian of
unharsty gaduates. T hesize ofthe et dattan te nn IT invesstmattosalkes
ratio is honewer; rather small ad rangss fran -0.00610 -0.003 aatss madel
soea.catias. Thus ab0 % inaesse in the inesstmant ratio wauld imply a
dedire in the higyskliled enploymantshare fran 149 ©14.7 % bsessed an the
estimated sample seckctiaon macel

Fathe24% of.mswhidhepatinlii4, we..ndthatepatingraniocs the
paitive relatiaship found betnen IT investmatand the emplbymattofFhigh
skilEd Boaur: T his ..ndingis arsistentwith auranjeciure thateparting ... 1ms
aaantrake exiarsively an human cpital intesive praducts reatine .. ims that
do notegece in epoarting activities. T he ae¢ dattan the onnership dummy
indicates that.. ims in an industrial conglomerate use mare skl intensive Boaur
ten tharautempat. A .imsR &D activties may aboindue ittoanplby a
mare sk lied Boaurface as the pasitive aoet dattanR &D engeging... ims shons.

a
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A Incst18 % ofthe ..mms in the ssmplke aotiruasly ar caasiaally engece in
R&D .

In aurestimatian ofthe high sk lied share equatian, we have nobyetacoounted
o the e share of . iMms thatt ripart zero epadituress oriT anlT i
vestmait Casaguatly the aeCadats rIT ad N IT investmats in the
stancad T doit arsample selectian madel (ss2 tebk 4-1) may be bisssd tonaxds
zao | oe thatl55% ofW estt erman ..ims repartiT investmats of zero ad
147% repatzaronIT inestmatt BExduding .. ims vwhidh rgpart zeyo exan
dtures ToratheriT aniT inestmattreducs the sanpke sze 109 4. Simply
elminating the naninvesting ... iIms intraduass a selectian biss INto the analysis.
T hereloe we goply aT doitsampke selbctian model (sse equatian 2.4). These
bction ruke llons adisaete daae madel o daraderise thase .. ims that rgpart
nazerovales TriT arnnT inestment T he resuls Tor the T dortsampe
selbction model ad theP rdoitsebdion equation aae displbyaed in bk 7-Gn the
gopendix. Canpared O theH eddkiman tho step estimatian using the hidyskilied
Boaurselbdiaon ruk the smulianeas estimatian ofthe P rdortselbction eguatian
and the T doit madel vielks oy minordirerenas. Farirstene the IT aet-
deatbasad an the sampke selbctian T dortmadel ofaround 0.018 is gqute smilar
10 the aoet aattbesad onstandadd Tdortmadel T he IT interactian et dait
Torbusiness seriass, honeey; is sign. cantly pasitive in tesampke selbection To
bitmadel Similbrly 1o previas madel the ae¢ daits anR &D , epatars ad
industiial conglomerate are statistically sigi..cantly and vary dose 1o previas
resuls wthautan iniesstmentdedasian uke

T o inesticaie the impartance of autiers e estimate the high skliied shaxe
equation tisingl A D methods bessd an a restricied sample aasisting sokely of
..Ims wrth both pasitive investmantand high skillied wakers. Colmn 1 oftiebe
42 shons asampke selbctian madel inessticating the ..1im’s dedsan toinvestin
bath IT and n IT pital ad toaenpby high skilllied waters.

"In apravias versian af the paperwe indude dummies orprocess and productinnoatias
aswellas adummy \ariable Toragaisaticnal dhange. Sincee thesevariebkes are indicators ofthe
tednolgal dancge rather the tsdrnolagal bal we edudd these dummy fran the share
ecuatians.
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Tabk42: Sampkssbaionadl A D madek exduding zzrodemancs TorlT ad

N 1T investmantand highyskilied Ebaur

Sampke selbectian model

Selctian Structural oL sP LA D&C

equatian maodel

marg. t Qe . t Qe . t e . t

a. stat stat stat stat
it 117 36 117 377 906 19
iq if05 §21 §904 §lB6 §904 §212
itgEaomp. 199 48 101 59 115 44
igEtEedh. as. 173 33 166 28 104 21
itgEbLs. s\es. 129 12 123 08 1A 13
igEcomputer i009 §14 §909 §141 921 §15
W holkesake tracke i2l6 §j41 §I&® 26 §I913 j07 X3 18
R el tacke i204 §36 121 §4d4 §dA §5) 948 §38
T ranspart i286 3§50 146 §59) I3 §41 948 §38
R eal estate id2 §l19b 002 01 022 08 125 08
Camputer 191 21 86 62 53 51 Bl4 31
Tedh. as. 195 23 6ll 62 3 48 A6 31
B USiNEss s\Gs. 110 15 298 29 245 219 15 21
0 therbus. svcs. i222 §4d §9A §28 §918 §l9 §I3B6 §j2 7
Canm. s\cs. ilZ j§lb6 143 07 999 1Z7 915 01
10-1L<20 102 21 i?d §29 §dH §li
20 - L <50 198 49 110 §35 127 ;61
50 - L <250 4109 83 il6l §53 147 ;368
L _250 84 107 193 3§64 166 77
BEpater 141 36 169 49 137 15 911 039
Ind. Cadl 101 30 D44 A S 116 13 918 22
R&D 209 415 180 41 13 23 136 36
Inersell ilk ratio 219 81
Castant il42 §28 193 214 23 89
Pseudo/h dj. R? 291 58 54 B3
0 bsernatias 1218 Y.y A A

I ofes. L onerse\ariables danote loaritms. D epaendentvariebkis the university grad
uatess enpbyment share  Further infamatian abaut the indgpadant variabks can be
fund in the noles ©T bk 41. 2Sampk exdudss zarovales o, IT and nanIT in
vestment P01 S estimates aonected Tor heteroscedsstidty. T4 D estimates are basad an

bootstrgpped estimates of the variance amvariance matrix of the estimators.
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T he ramaining colmrrs in ©bk 42 repatl i D resuls Tor the resstriced
sampke besed sokely an ..ims vwnidh riepart pasitive investmatt and high skililied
enplymeantshares. | eagain..nd theer ectofiT tobesigi..cantly pasitinve but
rathersmall Canpared o the beseine0 L S model the T aoet aentshirinks by
ahalibwen trel A D regessian methad is used.

Tabk 43 shons the estimates Torun and medium-skillied Ebaur: Sinee es
timatian besad an the thostece H edkiman madkel yvieks smibar resullts anly the
estimates Tor the hetexascadsstic T dort madel are shonn. BExagpttrR &D Hos
and amputey/ softhare industries e IT inestmatt o saks ratiois notsig..-
cantly related 1o the medium sk llEd enplboymatshare. Foraomputing.. ms ad
TrR&D His ahiderIT inestmatt o saks ralio is assadated with a bner
medium-ski lled enplbymentshare.
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Tabk 4.3 H eterosadsstic Tdoitll odeb Tor medium-skilled and uskilied e
pbymetshares (0 B S=1218)

I edium-skilied Ebaur U nekiiied Bbaur

Share H etexcsc Share H etexasc
equatian Tams equatian Tems

mag € a@». €t mag €t o@. €

e, stat sat e. stat stat
Lo i02 §0Z7 §909 §09 §907 §22 §918 §1i
iq 902 07 §910 3§13 902 13 §909 §12
itoEbanking 911 22 113 05
ItoEcomp. ifdl §26 1B 16
togEcosult i29 §19 I8 §j07
itoEoth. bus. svcs. 25 241 §908 §03 §917 18 103 01
igEcomp. 15 18 128 12
igEcomm. S\Gs. 990 29 §122 16
W holkesalke trace i105 §49 §38 §45 D14 03 §36 32
R etal tack il)3d jl6 §518 358 901 09 §386 ;353
T ransgpart i263 §j79 6B 72 148 32 jBB7 61
R eal sstate i109 3§34 §=28 §574 §919 §02z §HBS5 43
Camputer i3l 43 268 32 §i114 §23 206 12
Tedh. coault i236 §59 266 29 jie3 1t 195 11
B usiness s\cs. i258 §75 62 59 9043 19 53 39

0 therbus. s\cs. ilx8 jlvr 215 18 13 05 2dal 13
Canmunity s\cs. iB0 §49 11437 32 15 49 191 23

10 -L <20 id04 §04 §908 01 13 39 180 19
20 -L <50 116 05 ) 39 19 47 13 07
50 -L < 250 if21 §07 1497 23 221 66 66 !5
L _250 id 0 §21 319 14 2/ 75 18 01
BEpater id24  §1l4 §d14 §02 §901 024 941 06
Ind. Cadl P15 09 925 072 §93 §23 13 21
R&D 007 04 244 §21 §923 §l5 410 §1d
Castait A 149 ife83 §13

P seudoR? 294 31

Het Test 16 7 1672
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I otes | oner s \variabless denote Iogarittms. D ep. var:: aolmn (1) share ohworkers
with voatical deges acoblmn (2) share of warkars withaut achanad degree. 0 bs.
summary or the medium-skillled enploymait share 25 Eftcasoed ds. with B
= 0 ad 105 riditarsored ds. with ) =1. Farthe urskiiEd share equatiar 297
Eftcasoed ds. with | = 0 ad 10 ngecasaed dos. with 5j=1.

I asower; the usk lied Boaurshare is sigi.. cantly necatinely relaied 1o the
IT invesstmatosakss ratia T he necatinve relatiaship betnean thelT inestmant
saks ratioand usk iied Boaur, an the aehad ad the paitive reltiaship
betnen the IT invesstmat 1o saks ratio and hidyskilied Boaur, an the other
had indcate aampbBnentanty betneen IT Goital ad the skl structure ofa
.ms Boaurfoea A aumulation of IT epital favaurs skilied Boaur:, W e abo
..nd that the et dentan e M T invesstmant to sakes ratiois notsigi. Gt
atthe .. \e perarit bal Torboth medium and uskilied Boaurshares. BEqparting
..Ims and ... ims thatare partofa lltercapaate gap use kss unski lied Hbaur
whidh is in ine wth a concantratian an skl intersive producss by these .. ms.

T be resulls Tor the three enploymattshare eguatias ware tsted for ridoust
ness. Fist we induded guediatic investmantt tams in eech enploymait share
equatian, ..nding anly awnwesk sigii..cance of the guedratic kg IT share. Seaod
weuwsd the gIT investmenttotolal wage astratioinsteed oftte Ig 1T INvesE
maTttosaks raio as assaod proy Tonale added. 1nsame sectars, tolalwage
asstis a better proy Toralle added then total saks, butthe resulls Torte IT
aet daits mman rdoust A stpantanaanrs the ausality ofthe reltiaship
betnen informatian tednology and the high skillied share sinee the .. rms dace
ofIT investmattand sk ll structiure may be jantly determined. T his simulanaty
prdblm is honever; di¢ ault to addiress an the basis of atss sectiaal data and
we w il pcstpae a further inestigation of these issues until the second wae of
tell IP-S isaabBbke

5. 0 utputatributias ofFluman oAl ad IT

A sstated inssctiaon 2, twospad.. catias Torthe production inciocnwi llbe ines:
tgaied the Cdob-D auges pradudtian Tundian as well as the trarskag productian
TUnctian. 0 utputis afunctian ofthe .\e iNputs nine ssctordummies and three
dummy \ariablks Trepatars R&D ad onnership.

Two sampks are used the TUll ssampke of 1218 ..ims and a restricied sampke
edcbLdng ..ims with zero epaxdturss for both tpes of inestmatt and highr
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skiid Boar. In addtian ae cauld edude .. ims that do not enpby ather
medium-ski lied aruskiiied wakers. T his would reduce the sampke size 1586
.Mms. H onever; sine the size ad sigi. ance of the inputautput ekstiaties
were emartably simi et the results fram the lxgarsampless the resullts are not
dspbyad.

R esults Torthe Cdob D augies sped..catiaon using asample selbctian madel are
repared in ebk 7-8. In additan, the CD - productian Tundian is estimatied by
amedian regressian madel and the resulting standard envars are besad an book
strigpped estimaties of the varance cariance matnx ofthe esstimatars. Estimates
fran the median regressian madel are dotained by minimising the sum ofthe e
solute ratherthen the sum ofthe souared residuaks. T his gppraadh ams toaonect
Topcsibeatdesvnidh ae ikely toariseina.. m bweldaiaset B oth thesam-
pke selectian madel s well ss the madian regressian madel ofthe CD  productian
TUnctian yield parametars Tathe dic eratpes of Bbaur, i IT investmentad
IT ilniesstmattwhidh hae the eqpected igs ad are sigi. caatat conventiaal
beb. BExptiorthe inputautputekbstidty ovoational sdool gaduatess the
regessian resuls are tus notoerly saative to the use ofdic erantsped.. atias.

T he estimatiaon resuls Torthe trarslog producian Tnaian are shoan in ebke
5-1 antrasting a trarskog productian Tunctian Tor the TUll ssampke with asampke
selbction madel whidh e lIrs the deasian 1o enpby at Esst ae highskilied
waker and o inestin both IT and nanIT  investment | ot surprisingly the
ineasell ilk ratiois notsig.. catsinae the trarskog production fincdion atans
quedratic terms vnidh are goad prodes Tor..im size the identifing vaniabk in
te sebdion egquation. T he ganeral resuls have been tested acairst rsstrictied
TUnctical foms, ad the tesststatistics Tor honapdaty of degee ae ad the
Cdob D augies Tunctical fam are reparted. T he dii-souared statistic of 407 Tor
e soad.. cation testofa Cdob D augies varsus trarsiog functiaal fom allons us
10 Igect the gppropriateness of the Cdob D augles sped..catian. Similarly, near
honageaty in inputs is rggected.

T he autputebstiaties rqoq;led intebke5-1 have ben evalliated at the meen
ofteimnputs ths "; = 0;+ 5 X p. A Natputebstidties ae paitive
and statistically sgni.cat A thaugh same of the estimated paraneters are in
sSgn..cant; the conespading epbnatary \varablkes have notbeen exdudsd fran
the analysis 1O sustan the ebstiaties’ texdbility aacss ..ims and sectars. 0 ur
results justify the assumptian of a strictly gues-ancae producian TNdiaon.
U nder quesi-aancavity, the H essian matrix D?Y = D*f(H ;M ;U;1T;K) hes ©©
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be necatinve ce.nite. T he paraatage ofFdosernvatias Whidh satisly this regulanity
aodition is goprodmately 50 % £ il anotonidty of the productiaon Tnctian, i.e.
paitive..mspad..cinpueadtputebstiatics, issatis.ed by 55 % ofthe dosena
tas. 250 autof1218 ..mms shavnegatiinve nan T inestmateautput elsstia ties
besed on the simpk 0L S madel ForiT investmantand uskilied Boaur, neca
e amputebstiaties ware Tound Tor15 % oftotal dosenatias. Forhigh ad
medium-ski liied Ebaur, necatinve autput ekstiaties were ournd in55 and 1.7 %
of total dsenatias. A s epedted the resuls Tor tre resstrided sampke sigif
icntly reduce the set of necative autput ebstiaties. Since the B reusd P agen
hetexascdestiaty statistic indicaies that the residual vaerianae dgpends an the
epbatay \aiablks tstatistics are based on hetexasoacbestia ty aasistatstan
dad enas. Toaasere paxe e igpataly inpukautputekstiaties besed an
e sampke mean ad the distributian ofthe inputautputekbstiaties (see . gures
in the gopadx).

T he key resuls Gaan be summarised as Ollons. Bath IT epadituress ad
highsklied Hoaur make sigi. cat aontributias 1o autput as indicated by an
IT ebstidty of 0.14 and a hichskilled Bbaur ebstiaty of 0.16 (besed an the
Ul sampk ad evaliated atsampkE mears).’ Thus al % inaesse in IT wauld
rase treautput bBelby 0.14% . Cocaming the nan IT fators medium-ski lied
Boaur (ocatiaal sdodl gaduates as well s Toranen ad tednidams) is the
maost iImpartant productian Bctar: T he autput elsstiaty of vocatiaal sdod
gaduates is0.4 wvhi ke the antributian ofmn IT  Gpirtal to autputis abaut0.08 .
0 utputekbstidties shovaarsidarabke variabi ity aatss .ms (s ..gaes inthe
gopendX). I asower; R &D is assodated with a higherproductivity el

T he deteminants are calaulated Toreadh data pdint

'T he reltive high valle of the autput ebstidty of IT cpital may partly be due broed
ce.nition ofIT (iInduding softnare and cammunicatian equipment) as well as the anissian of
materiak as an inputintod production.
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Tabk5.1: P raduction functian estimatess, trarslog spea.. catian (W est)

Sampk Sebctianll adel

TL producian Stuctural Selbcian
nction maokel ecation

. EsEaf aa tsat o= tstat
"y 018 86 0136 37
i 0490 224 0424 10 9
“u 013 99 0083 36
" 0980 71 0138 68
‘T 013 92 0220 7
W holesalke trade il 974 i92 §1128 i77 §0216 41
R etal tracke il215 06 120 i76 §0204 i3b
T rangpat ile® §138 §1808 109 0286 50
R eal estatel renting 1982 i7>7 §j135 §72 §097 ild
Camputey/ softhare i1898 130 §2D044 118 0191 21
R &D /teth. asult il%945 §123 §2989 §l12 0495 23
B LEINESS serviass i2 957 §l41  §23102 §139 0110 15
0 therbusiness s\cs il885 jl62 §1655 109 §0222 it d
Conmunityservas  j1587 i) §li24 il6 §017 il
Size2: 10 - L < 20 337 189 002 21
Size3 20 -L <50 §0401 ild 0198 49
Size4 50 -L < 250 0919 02 0409 83
Size5: L _ 250 0037 §03 084 107
BEpater 0 110 il3 0193 29 0441 36
Ind. Caglomerate 0238 33 (0167 19 0401 39
R&D 047 26 §0116 §14 0209 45
Inarell ilkR atio i0ll77 §06
Castait 334 168 323 72 §0142 il 8
Spec st1PEest2c 31296 729
A djR? 0808 0828
0 bseratias 1218 Y.y 1218
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| otes D epandatvaricbke is kg saks. 1T and K danote IT inestmatt and nan T
inestmat repectively. H, Il , and U denote university greduaties, vocatianal school
oaduates and ursk Iiedwarters. 7 erovalliess TorlT and K have been replaasd by 0.000001
= DN 1. Z%O\almfrH - MD E’U hae been replecd 0.1. Tednolgy is gven by
=0 +  @; K5+ 1§ 55 KX 52D isplyed ebstidties are based
an the W ald statistic O st the hypottesis of g 27, = @ FD =X = 0. The
reference gaups are banking and insurance T the ssctordummies and size 1 Torthe size
cbsses. 2 D isplayed Estatistics arebessd onthell hite estimatorofthe coariance matrix
ofthe 0L S estimator: ° Sped..cation test. Cdob D aughss \s. trarskg sped...catias,
S 08i;j:lgheai1igl)9l.eisg\eﬂwﬁ\2[15]g5: 259 . °Testforhamagrety
ofdegeeae ;0it  ; ;5= 1. TheaitiahwaleisgwenbyA![6lss= 12 6.

Sine mcstotherstudies are basad an ananmovwde. nitian ofinfomatian t&edhy
nology, gquantitative aomparisas of aur resulis with those of B ynjaliesan and
H it (19 95) are notmeaningiul Furthrermare Toranumberofreesas the autput
ebstidties ofF M T ad IT investmattshauld be regardad with caution. First
as noted byH alladll airesse (1995), the use off avratherthen stoddata tends
1O oesstimate the autputekstiaties.

0 uronn pravias results sugsst, honever; thatthe autputelbstia ty ofepital
is notparticubrsasite to the dyace ofifovarstodk data Seaod the resuls
are sgaative o the indbsian of.m eedts. U sing parel datla B rynjoliesan ad
H it (1995) repattatthe ebstiaty ofIT pital drgps from 10% 5 % axe
~Mmeaeaedsaeinduded. A quanti..cation ofthis edonn il be undartalen oz a
Il 1IP-S parelisadEbke. A  bstaoncem arises autofthe use oFgross sakss rather
then\al e added as aurproy Torautput H onever; inae oftte Bwvstudies that
used data an both goss sakess and valbe added H alland |l alresse (1995) foud
anly small dir erencss in the estimated autput ebstiaties besed an \valle added
ratherthan saks.

T abE7-7 inthe gopadix aatrasts estimated input autputelbstia ties derived
fran the Ullsampke unriesstricied 0L S parametars Tor the ttarskog productian
TUnctian taing tho alliermatie prodes Torautput;, ol saks ad el wage asts.
T he geatestvanatian betinean the inputautput elbstiaties besed an oAl saks
and the altermative spaed.. catian using otal wage asts is doserved Torunivarsity
gaduatss and IT inesstmant T heelstiaty ofIT gpital drgps fron 0.16600.08
when total wage acstis usad as a proxy Tornalle addad.




6 Caxdseias

T his pgper hes presated a number of fector damand madek o inesticate the
Nk betnen skilllinteaty and infamatian tednology actre .. m beElinserice
industries. 0 ur eaonanetric mackel allons Tor casaing at the loner and upper
threshod parameters oftte enploymentshare. T doitsample selbction mocek are
enployad 1o acoount or zero vales Tor both tpes ofinesstnatt W e eamine
e sasitivity ofthe resulls with respectto model spaea. catian, sample selbctian
and \arisblke messumait T he mastimpartant resultis the pastve reletiaship
betinean the shaxre ofhigh skillied workers and infamatian tednology. Fimms thae
hae a higer propartian of informatian tednology In ol saks enpby mae
unarsty gedates. H oneer; tesze ofte IT edectan the skl inlegty is
rathersmall T he resuls indicate itk sasstivity 1o dic erattmadek and spea-
~Galias. Il asoer; the invesstment ratio is necatinvely related 1 the high skilied
share indicating thatt Gpirtal intasive ...1ims enplby kss high sklled warkers. A
mare deta d study ofthe fectars wnidh ae ect.. ims” sk ll strudiure indicates that
.. IMS” epartaiaitatian, R &D aronnarship daraderistics hae paitive e ects
a thedsen skllintasity. T he univarsity graduates share is necatinvely related
1O..Mmsize

I asower, we estimate the aotmbution of human ad IT Ggpital 1o autput
using a productiaon Tonadian framenark T he resulls Tor the transog productian
TUnction shovthatthe autputaaTributias by unhersity geduates and IT Goirtal
are gpprodmately 0.14 and 0.16 respectinely. | edium-skilied Ebaur vocatiaal
sdool gaduates as Well a6 Taoamen ad tednidans) is the mastimportant pro
duction Bdar: Inantrast nan T Gpital and uski lisd Ebaurplby anly aminar
roke in the service praduction procsss. 0 ur resuls swe er fram several shartcom-
ings Wnidh we hape o address in Tuture wak Tor eamplke the skl struciure
ofthe ..M may lgely be degpadaritan udoseneblke Baars a6 well es rieatine
wagss Tordic ergit ypes of K IE.



7. A pperdix

7 1. Further desanptive statistics

Tebk7.1: D e.nition ofService Seckars

Sector 3dgtl 4 CE D esaiptian

W hokesake 511 W hoesake an a2 oraotractbesis

ke 513 W holesale offoad, beverages and toacmo
514 W holesale ofF hausehold goods
515 W hdesake ofnon agriauiiural intermediate
516 W hdesake oFmadhinery, equipmatt& supplies
517 0 therwholesake

R etal 501 Sak ofmaotorvehidess

tace 502 I armenence and rgpair ofmotarvehidess
503 Sake ofmatorehicke parts and agzessonies
504 Sak martenence ad regpar

ofmatoro/css ad related parts

521 R etail sak in non pedalized stares
522 R etail sake of food beverages and toacmo
524 0 ther retail sake oFnewv goods
525 R etail sake of sscod hend goods
526 R etail sak ofmail ader

T ranspart 62 0 ther bd ttarspart
al Sea and acestal nater ranspart
al Sdeduld artaspat

Q2 N anrsdeduled artangpat

&l Cargp handling ad storage

&4 A civties ofother ranspartacpdes
Fnaenaal 61 I aetary inermediatian
INntermediatian 652 0 ther..nendal inexrmediatian

ab Insurance

Gl A civties auwd lary o..nendal intiermediatian
R eal Estate 701 R eal estate activities With onn property
adR atal 702 L etting of onn property
A ctimMties 703 R eal sstate activties on a e araatractbesis

711 R enting of automdoi ks

712 R eting of other transpoartecuipmantt
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Sector 3dgtl A CE D esatptian
Camputing 721 H ardware ansultancy and supply
722 Softnare aasulancy and supply
723 D afa prae=ssing
724 D ata bese actimMties
725 I aranence and reparofat a2
acoouting and computing madinery
726 0 ther caamputer relbied activities
Ressardh & 731 R eseardh & developpmentan
develpmat, natural sdencss, engnesting
=anal 72 R eseardh & develppmentan
asuliants sadal sdenas, humanities
142 A rdhitectural and engnearing activties
Casuling 4 L egAl acoounting badk kesgping
(business sow) ad auditing actimties
0 therbusiness 744 A dvertising
LGS 745 L abaur mautmant; provsian ofpersarel
746 Investicgatian and seaunty actiMties
47 Industrial deening
748 M iscelleneaus business actiMvties
Canmunity 900 Senage ad refise dspasal sanrtatian
sagalad 911 B usiness enpbyers ad profl aganizatias
pasarel 913 A civities of athermambership aganizatias
Leras 921 I otian picture and Mdeo actimvties
922 R adoad Eelbvsian adtivities
923 0 theraterammattactivities
924 N ens agenoy activities




Tabk72: Il issng\alues
W esti emany Esstt emany
Repar N issing Repar N issing
dts vabess®) dats \abes %)

P artidpating .. s 189 924

U niversity graduates, H 1433 129 83H 96
V ccatianal school graduates |l 1477 93 849 81
U nski lied workers gpprantiass, U 1477 98 83 78
6 ross investment; inc. 1T 1498 89 85 76
Inv. in ammunication and IT 1492 81 846 81
BEparter; 1994 1617 027 914 11
Partofind. coglonerate 1994 1614 09 916 039
R&D 155 33 893 31
IT ilnisstment= 0, 1994 1498 89 85! 76
N aIT investmatt= 0, 1994 1492 81 846 81
CanpEte infomatian (all varisblks) 123l 73l

0 utliers? 1 2

Imputed data (sakss, enployment) 12 18

0 bsenatias used 1218 245 1 229

I oles: 2 0 utliers are thoe dosenatias orwhidh i T investment o sakss ratio
exaxnk200 % ad400 % forEsstadW estt eman..mms, respeciinvely.
Saure | aoanham Service Inlmovation P arel 199 5.

Tabk 7.3 Share ofmaterial and Ebaurepaditurss in toal autput (V' estt exr
many 199 4)

I ateriak L dbawr Cgotalad
) %) ogosprot®)

W holesale trace 86 9 5
R etal trace 82 13 5
T aspart 5 29 21
B anking insurance >H 3 3
P ersaal serias 3 18 43
I arketservas al 20 19

Saurcee | atical acoounts. 0 wn alaulEtias
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Tabke74 IT adnmIT investmantas peraantofsalkes by ssctar

W esth emany Esstt emany
Neen St I ax Obs Ml enStd I ax O0bs.
dev. dev.

IT iniestment
W holesake trace 05 19 71 214 05 19 6) 84
Realtaceadrmpars (6 13 113 157 11 38 33 73
T ragpart 08 16 119 157 09 29 154 102
B ankingand insurance 114 28 261 207 14 58 59 B
Raeaelesateadating 11 37 160 7| 3 L6 942 67
Canpueradsoftnare 33 32 159 83| 71 118 1 3
R& Hos Camulercy 30 49 250 @ | 36 47 B3 114
B usiness serics 6 43 33 B 16 17 1WH A
0 terbusnessactivties 19 35 417 16 | 11 24 167 95
Canmunity servas 19 39 173 25| 11 32 185 3
N aIT inestnant
W holesake trace 23 35 145 14 35 61 39 84
Realtaceadrpars (3 106 776 157| 57 186 1563 73
T rangpart 136 182 1249 157|405 578 323 102
B ankiingand insurance 21 81 M8 07| 12 35 162 B
Raeaelestateadrating 125 208 82 7®|531 742 2932 67
Canpueradsoftnare 29 49 269 83| 49 106 578 3
R&D EHos Camulrcy 49 98 453 @ | 76 144 7/A) 11
B LSINEsS sarviGs 47 130 774 H| 41 86 B A
0 therbusiness serias 27 61 553 168 | 68 163 138 95
Canmunity serics 153 284 1318 125|194 254 1042 3

Saurcee | anham Savcee lmoatian Parel 1995




7 2. Furtter esstimatiaon results

Tabk 75: Tdotad sampk selbedtian madek for the hidh skillied employmatc
share (Esstt eman ..ims)

T doitvariatts Samplke selbctian macel
Tdot Het Tt Stuciural Selbctian
maockl eoLatian
mag € mag € a. € mag €
e, st e. stat sat . stat
it 108 39 104 15 106 17
iq if04 §18 §902 §08 §904 §1i7
el tace idl5 23 §903 03 §915 18
itoEbanking if18 §21 107 06 §913 1l
ItoEcomputer il)l5 §i23 108 07 §913 j15
iIgEtaspat 11 21 108 13 913 13
igEbanking i20 §33 §923 §22 §917 §25
W holkesalke trace 163 21 17 08 198 12 §901 §09
R etal tracke 18 09 126 03 919 02 §906 01
T rangpart 117 17 946 05 1277 03 §118 39
R eal sstate 23 35 103 11 210 25 905 01
Camputer 18 68 145 37 B 61 263 51
Tedh. asult
B usiness s\cs. 31 42 18 15 310 32 128 05
0 therbus. sos. 17 25 042 05 100 12 §93 08
Canmmunity s\cs. 207 29 166 06 1 19 118 03
10-L<20 104 02 168 19 1@ 29
20 - L <50 i!)3 jlb & 21 127 41
50 -L < 250 iddd  §22 1@ 29 210 58
L _250 i048 §l19 18 21 263 59
Bpoater 193 38 136 19 123 33 & 13
Ind. Caodgonerate 909 §05 3905 §j03 §916 j06 922 0
R&D 157 17 943 23 67 21 108 02
Inersell 1lER atio 30 58
Castat id37 06 092 03 §99 07 19 19
L ag ikelhod i724 8612
Psaudo/h djj. R? 93 573
0 bsenatias 7l 7l 26 1
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I oes. | oner Gese \ariabless danoke looaritims. D gpaendent variebk is the univarsity
gaduatess enpbymait share. 0 bsenation summary Tor the Tdoit macek. 105 Efe
asaed dosenatias with By = 0 ad 10 idtcasaad dosernatias wth By = 1.
Leovaless TrIT and| haebeen replcd by DIl 1. D vetosmallsampEsizes, the tho
sectors amputey? softnare and R &D / tednical aasuliants have bean aambined intbae
singke sector:. B anking’ insuranae Wes usad as a relerenae gap Tor the sectar dummies
ad sizel Torthe size dessss. Furtherinfomatian ebaut the indgpendentvariabs an
be Tound in the notes 1O T abke 4 1.




TabE 7.6 Flil L ad thostece L esstSguares estimates of the sample selbctian
T dortmadel (uninersity geduates enploymantshare W estt erman .. mms)

Fiv L 2SL' S

Inesstmatit Stuciural

5SS Seifep! madel

az. € ax. € axo. €

stat stat stat

it 118 35 113 33
iq i03 §13 902 il2
ItgEcomputer 196 49 196 55
tgEtedh. asult 185 49 183 42
ItgEbLEINESS S\Cs. 049 33 D44 25
igEcomputer i)13 §24 §913 il1
W holesake trace i121 §28 §iI5% §29 I il 7
Realtakrepars 213 §13 115 §i33 §990 ill
T raspat iR §29) §13  §4d1  §A08 il
R eal estatel renting §181 309 106 02 §901 09
Camputey/ softhare 225 19 b5 o' 66 56 67
R&D Eby/tedh. an. 13 06 6A 71 Bl 71
B usiness seriGs 248 11 [l 52 35 43
Otherbeinesssos  §99 §32 3944 §1B6 §955 il5
Canmunity servas 186 03 322 0B D14 03
Size2: 10-L< 20 277 12
Size3 20-1<50 Bl0 41
Size4: 50 -L <250 93 67
Size5: L _250 1163 72
BEpater 141 13 167 49 13 49
Ind. Caglomerate 082 08 41 25 13 21
R&D 163 32 16 29 (] 41
Castait 268 19 16 38 119 31
Inarell i1lBR atio 155 41
Signa 195 434
R ho=con(y; 1) 27 19
0 bsenatias 1218 945 945

I oes D gpenderit \ariabk is the univarsity greduates employmeant share. Selbecian
is besad an the ..MM’ dadsion o investin bath IT and NN T Gpital 0 bseratian
summary. 237 Eftcarsored dosernatiaswth ITQ and/arlQ = 0. Furtherinfamatian
abaut the independentvariables Gan be Turd in the noles T ebke 4-1.
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TabE7.7: Inputautputelstiaties besad an div eratprodes Torautputusing the
trarskg productiaon foncian

D gpendatvaricbke
L a(saks) L atotal wage aste)
axr. tstak axer. tstak

4 0157 49 0219 91
’M 0407 95 0389 139
“u 00 25 0149 103
" 0123 63 0044 49
‘T 0168 69 09083 49
A dj. R? 0925 0848

0 beratias 116 116

I otes: 0 bseratians Tonnhidh total wage aosts Were missing were drgpped reduding the
sampksize 10116l 0 utputekstiaties are basad an the estimated unrsstricied trarnskg
Soad..cation parameters. 1T ad K daoke IT inestmattand nan T investment, re
soectinely. H, Il , and U daote univarsity graduates, vocatianal sdhool graduates and
ursk Iied workers. 7 erovales TorlT and K have been replaced by 0.000001 = DM 1.
Leonabiss Tt , | , arU havebean replcd 0.1.




TabE78: Sampkssbdticonmaceladl A D oftheCD P raducion function (W est
6 eman ..Mms)

Samplke selection madel

Selbctian Stuctural I edian

equatian I adel regessian
. tstakt o=, tsar o=, stk
Lag®d) 0183 52 0148 32
Lag(l ) 033 92 033 75
LagU) 0988 413 093 09
LagK) 0945 41 0047 42
Lag(T) 0284 109 0212 51
W holesake tracke i0216 §41 086 §58 §l1977 i>Hb
R etal tracke i0 204 i36 jli2d i63 jli13® i52
T raspat i0 286 §59 §l1407 §82 §1l:iA0 i8H6

Realesstate/ranting 097 il) §1915 353 093 ilo
Camputey/ softhare 0191 214  §2186 119 j§2116 ill2
R &D /tedh. asult 0495 23 §228 §l1d  §2129 jl0 2

B LAINESS serviass 0410 15 217/ §137 §jL 337 il32
0 therbusinessswes. 0222 ild §1837 §97 §1820 i76
Canmunity s\cs. i0 172 il6 31188 i36 jlia 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 0883 37
BEpater 0441 36 0996 19 04187 39
Ind. Caglonerate 0401 30 0415 12 0429 29
R&D 0209 45 0241 il 2 0915 01
Inarell i1lBR atio il B8 il7

Castait i0 142 il 8 385 138 297 92
Psaudd/h djj. R? 023 0 814 0 Bl4

0 bsenatias 1218 4 A

N oes D gpendantvariebk is bgsaks. IT ad K daoke IT investmattand non T
inestment; respectinely. H, Il , and U danote university graduates, vocatianal schodl
oraduates and urski Iied warkers. Farthe Tllsampe, zerovaless TorIT and K hae bean
repleosd by 0.000001 = DIl 1. I erovakes TorH , Il , arU have been replaaed 0.1, 2
T -statistic are besad an bootstrgpped estimates of the \variance coarianc: matrix ofthe
estimators.
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Fgure7.1: D istributian chinputcutputelstiaties based an the rsstricied samp e
(nesp

IT- investment output elasticities Non -IT capital output elasticities
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