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Txpenditures on research an covelor wnt o Dn the Trited tatosoare

currentl; ;rovin faster thon tio ceone [o In 106h tre totul vas st atud

at U.8, 21,lcC  illicne. of this su.. 15,00 .iilion were finaneed L) the
Federal Govern.ent, 5,500 - illia o, droustry, and 5.0 o dllion by
universities and other none-profit orrani:ations. The research vas carried
out »riiarily by industr: to an awount of .15,5( .dllion usin -overn.ent
rrants to suspleient industrial tudrets, Governuent lalboratorics carried 1
out 3,0 willion in research rrojects and non=profit institutions,
includins universities, ..2,5C 1illion,

The lar-est industrial concerns, for exa:rle, General .otors, or the
major Governnent research installations, for cxai le, the central labor-
atordies of the lational Bureau of Standards, -stablish their own research
centres. ..uch oi the reiainder of the United [ tates research is ca.ried cut
by institutions whtose locaticn las shown, over tie rast cwenty :«ars, a
trenc tovards concentration around .ajor research-oriented universities,
fioverm.ent-financed laboratories are likely to be established in the sanue
area - either opcrated by or affiliated with a university. This educational
and research activity both attracts and enerates privatel; ~sponsored

i.Pe Jeie Stepaneic, the author of this raper, has served as an official
of the United i'ations Relief and Rehabd litation ..ency, a technical assistance
expert (industrial engineer, suallescale incustries) under United latiuns
Technical Co=operation Prograues, and a consultant to the Secretariat ,

The opinions expressed in this paper are those of the author and do not
pecessarily reflect the vievs of the United Nations Secretariat. The paper
cannot be reproduced’ without permission from the United Mations Secretariat.




ri search irstitutions wna industrial cuncerns.-'/ coi rat ically concentrat.d
i functiorally rolated row s of Lds tire Lave been terrcd "sclence=
incustit co nleres,”

Cescarci varks for sc.entific institutions, laboraiories ard research
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contres and industr fave Leco € inte ral ports of scince-incustry coplexes,

Their objective s loth to facilitate rowth Lp providin, developed lanc and to
facilitate in.eractions | si~¢ un! cutside the narks b assurin, a location in

close proximity to rovernrent and universiiy sponsorcd research,

Th: three largest science-industr; coiumlcxes in the United States are
located in ihe Doston area, the ifalo alto = Lan Francisco a; area, and around
flalt liiore,

In the Loston area amproximately four hundred technically -oriented fins
have been established or have been attracted by the rescarch carried out at the §
assachusetts Institute of rechnology, Harvard Universit; and affiliated T
rov-orament laboratories, . proximately half t.at nunber are located in the Palo
Alto - fan i‘ranciseco Ba; area, ncar ‘tanford University or the berkeley Canipus
of the University of Californi. and a'proxiiately twenty fin.s in the
Maltimore area around Johms Hopkins,

The +idespread interest renerated by the first successful science-
industrv courlexes has led to boih public and private actions to establ ish
new comnlexes, The initiative of Duke University, the University of North
Cavolina and llorth (arclina “tate University has resulied, for exauple, in
the establishment of a 5,.CO=acre (2, C-hectare) research park and the
berinnin: of a science-industry co.plex, Similarly, the Denver-Boulder area
of Colorado with four universities plus six Federal Governmentesponsored
research i.stitutions has the base for a science-industry couplex,

1/ Often the scieniific research ¢ .rried out at a povernment latoratery
or at a university leads to the foriation of new coaupanies. For
eramnle, a professor orresearch administrator .ay decide o exploit
the results of his basic research b: cesigning and placing in wanufacture
a new product,




In 1963 the universities inthe Tenver areg o ansered g 'njyve roit: -
Infuetry liaison (onference vhich vxardned te Prerequisitos for o ceionec =
industry colex, | ore Jetail vas added - 0 10 erothronh o oporept
prerared Ly th. University of "cnver .searc motitute on Ul cosent Ly

lerients for a science conplex,  For Colorado o PEhOrt roeo serded th
follovwing wctiocus Lo develop a scicnce=incustn coiplex,

(1) tniversitics should

-- attract key researc scientiets g, op insers with national
reputations by rarin- hi her salarics, J

== fostecr and encoura e additional wtside consultip work by
facult; members, )

-= obtain addi.ional fellovships to support the b st ; raduate
students rossible,

== nurture an enviroment of intellectual fernent s and

== initiate courses on entrepreneurship thiroush schools of
business,

(2) Business and financial interests should

~= develop one or .:ore hijh mality industrial and research parks,

-~ nake additional so rces of financing available to aeserving,
small, science-based firrs, and .

~= improve the growth environment for suall fiyrms by the provision
of technical services,

(3) Science-based industry in the State should
== promote the State as the location of additional science=based
firus,
==~ participate in the professional grovth of the community
particularly throu h work with universities, and '
== encourage government assistance to suall firus,

(4) Covernmental groups should
== provide funds for imnroved education in science and engineering,
and

=~ consider ¢he impsct of ‘tate and local taxes on the fomatim of
science-based firus,
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AN inventor: was ta en of the existin science=oriented institutions
and enternrises ia the recion of Penver, The rersion covers .n ared of
armros iely 8uG square mdiles arc has a sorulation of 1,100,000, “

surnar, of the findin-s is iven in Table 1.

fable 1. Cenver rerion, 1965: __xistinr CciepeesUriented. Institutions and

i ——— - W~

Interprises

1. Universities

Fnrolient 1965 iesearch [ud-et

- oo (doddars) __
University of Colorado 14,413 8,788,.00
University of Denver 7,874 7 8lids 4 CCC
Colorado State University 11,848 10,134,000
Colorado 5chool of lines dalih2 B Y XV V¥
35,5M 30,153,000

2. Gevernment laboratorigs
1965 Euplotpent

Fational. Center for .tmospheric ..esearch B
Joint Institute for Laboratory astrophysics 80
National Bureau of Standards 12C0
Fnvironmental Ccience Services administration 20
. 5. Bureau of Heclamation 1600
U, S« Geolopical Survey L%
"

Industry

35 ejnterprises employing anproximately 12,000
In 1965 an 800-acre (324-hectare) research park affiliated with the
University of Colorado was established four miles northeast of Boulder to
reiiove one of the limitations o. the region as a science-industry complex,
‘Freliminary investigatiors based on growth pattems in other areas showed
that certain industrial <roups were niore likely to locate in the park than
others, The proups are listed in Table 2,
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Table 2, [robabjility of Location 'ithin the :ark

T

Y ayera e : low
Adreraft and (ther electrical Industrial cheicals
aerospace equipuent
Cotsaunication Other chenicals wotor vehiceles
equipment and b Wi e
electronics come t@chinery Lti:;’i:sr:iz.ti ortation
ponents ‘etroleun refining ) bl f
e io i riuar; ferrous
Drugs and redi- and extraction nroducts
cines i'oneferrous and other
imetal procuct . Fabri cated metal
Scientific and ' products
mwecnanical meas- foou ard Lindred ot lass and
urin  instruments products vone, glass a
clay »roducts
O~tical, surical, Paper und allied
nhotographic, and “?‘piwif*ct; ied
other instruments P
Textiles and
anparel
Lumber, wood
nroducta and
furniiure

location eriteria for research laboratori ¢s vere first obtained frou a
recent study riade by vhe State University of l'ew York at Ruffalo (rable 3)
and then anplied to the nark (Table LY.

It vas recognized tiat tie location of the nark had certain advantazes
because of the priximity 8¢ universi Ly and overnuent rescarch, und of a
physical and cultural environment attractive to scientists and adninistrators,
On the other hand the nark was in a region not yot recornized as a national
research or wanufscturin centre and one far re.oved fron ary other sciencee
incustry connlex, '
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4C¢Cess8 to acadeic institutions
- universities with graduate
prograuneg

= secondary and elenentary schools
of quality

Availability of personnel
= professivnai, including ability
to attract fron elsewhere

= technicians and supporting
persannel in the vicinity

= suitable housing
Comunity conditions

Proximity of home office, or of
production operetions

Transnortation facilities

Research atmos shere op
rofessional environment

Quality sites
Supporting services

Reoroational facilitics
Availability of suitable N
buildings

liarkets
Taxes

el ar
dbip, of
&

Freellent

Pair
Fair

Good

. Xeel lent
I xeellent
Fair

Fair
Ixcellent




poestiiate s aoo U0t anulasiurt CunC FRS Vit TuSS anfbdad 5.les
i the ruoc of 16 to 25 . lionm werce oot likelp to cstall ish rescerch
ant develoriant boboratori 3 ot o resoarc  ark.  Larsor Coou 1ol WErT ore
liked: to cdevilorn tbor vn oo for roseures facilities. oo ller Cond anies
were logn kel; Lo Lowve rogcard bue ets Lorfe enou Lovo justify zearate
inst.llat sise toovr, thore are . grovin nuuber of & all research conjanies
urgertaning contract rosoarc vhicn ar 10, 1) ecaicdaces for location in a
rescarch nark,

The relicinar; investirzationu aiso shoved that conanies in eisting
research arks recriv-d technical services from each other, through activities
of ~overnent and unive rsity laboratories, unl by the cstablishuent of new
sorvice conanies, sucl 45 scientific lassware. In no case, hovever, wWas
there evidence of studics bein wade to deter.ine tho rriority services vhich
science = oriented .arufacturing or research cown anies would like to have
rrovided for then. In 1965 such a study was undertaken with reference to
the »ro-csed incdustrial rar. in Colorado, Its objective vus to identify tlose
services hich s wul te roviled either by the Univgrsity of Colorado v by
privace initiative io ti- area of the research nark.

Through & questiomnaire sent to the circctors of 200 incustrial research
laboratories, ite requircoents of conranics »lanmnin to settle “na new

*

researct park vere @ eternined,

The respondents to the cuestionnaire were coeonerative in idemtifying
the nriority to be given to 32 services. The resulis are aresea&edza
Table e




il 5, Crvic.os

S .
wgrarck I S RN
-.....A‘--_..---....--...--..-.‘--..- e L e

~riorit; atirn
(percentasc of relicos)

TR R 0 e it et s, ———

~echnieal fervices

Toninuter 61
iacione shor 51

Glassblowing L2
Carpentry shop 77
Chemical analysis 28
Sheet nmetal : 25
Calibration 22
Flating 22
Instruaentation 21
"lectronies design 1o
Cptical instwggga.. 9
(nerations research 6
Fackaging 4
Ultrasonic A
Antenna desim ¢

provided by a university, The responsc

Table 6&
Jervice
Library
adiission to symnosia 85
and seminars

Low tuition charges 66

Joint appointment on
faculty or research staff Le

Ticlet nreference [ or
cultural evegts . 2

Receive university Mublications 21
Farking ' 12

Ticket preference far 4
athletic events

Panking:

otel

Fostal station
Sroteetive service
Gasol ne statior
vonfersice contre
danitorid

Travel bureay
Rerroduction
Gonference rocis
Juditoriue
Harber shorp
Convenicnce shopping

‘tenograrkie corvice

Baployient Gsene?
Farticular attention wus Blven to the services desi e .

pears in Takle 6,

vieh nanalls vould be

cenlage « Ranking
lio Sepy ) e

4
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onc addi.ionel service, the ‘rovision of incubator s—ace for youn
researc arg cveloprent coranics, was studied, This information was
esscrivicl Lo the University of Coloradc vhich s conte . "lating to provide
such a srace un a non=-prolit basis, 1t was considered that, to be econumical,
the buildins should be desi.ned for :ultirle occurancy and should »robably be
ulti-storicd. Th- stucy based on intervievs and visits to other industrial
and researc. parks wi:ich had rovided incubator space led to the recommendation
that such space vas ":ithly cesirable in the proposed park. The reccommendation
was nade tiat the University of Colorado should proceec with its plan for non=-
profit incubatqr snace as nart of the rescarch vark, The first buildin:s to be
constructed siou’c be "building bLlocks" that could be acded on to as demand
developed, The initial building should be no .ore iian two stories high and
should cost no wore Lian 20 per square foot. The varicty of needs as to
utilit; services could not be estinated: Lherefore, the su estion was uade
that no secial utilities be installed initially but that provision be nade
for their installation as required by each client. The narket anpeared to
waprant an initial incubator building of approximately 3(,000 square feet
(2,787 square netres), The tenants vould require from 1,000 to 3,00C feet
(93 to 279 square ietres) each initially., It was believed that once their .
needs went to 5,000 square feet (L64 square metres) they should be requested
to wove out :nto full-cost space, probably in individual buildings, The
period of "incubation" was taken as approximately five years. In other words,
subsidized facilities slioculd not be provided indefinitely.




- 11 -

location of ervic-g

Three areas vepre identificc as tie p Forrad oost ne fep g Chnaeyl
and cunvenicnce services,

It vas recoumended that non=profit servic. s, suci s LEArary, cooputep
and incubator space, be located on a Universivy s greb CaalmS.  {latep
the University of Colorado did acquire & $2-acrc (1= ectare) contpl tract
fron the resecarch park for this purpose, The objeetive wis to test oyt
and perfect services vihich later could be :.de available to th e
State of Golorado),

The coumercial services were reconmended for two locations, Une
&roun should be established in an area set aside for this surpese on the
rescarch park. (Later, 36 ucres (15 hectarcs) were allocated for commereial
services), The coumercial scrvices not located on the rescarch -ark wepe
to be distributed over tte science~industry couplex,

It was strongly recoimended Ly the commanies responding to the questiopne
naire that the rescarch park should not taie the initiative in establishin
the coumercial services, Thus it is anticipated that private initiative
influenced by marv.t forccs will “etermine which services vill be located
at the park and vhich i- neighbouring commnities,

This anproach is in contrast to that of roscarch parks w.iich depend
wholly on outside concerns for services :rd ihote which atteod to provide
all services within the park. Chart 1 illustrates the nossible approaches,




; o)\ ! " ‘ ‘i
-} M 2]
e

e e b S A s e e el s il ‘
R e PRV S i it e Gl ﬁ?\:%: TR R T 4 ‘ “‘:i:?‘ o
*
‘t ;
h ‘ S —




panufocturiug | itkin. $o.&8carch g ark

ihe rescare PDulii unCcr revi v 1 _g -8 nd Ly ~CCChiodate 1) ht
lanufacturin. us well 48 rescarce. Lo dovelo Lol eoomandes  lue th s vic. s
vssintiul for thoir rorth, Giher poe oyjch CLlaE have (iso sound it desir bl
to nclude anufactur Hie o0vgcared Lrk g Lelifornia vys acs. nud
initi.lly to i-clude canufactur.n; clon~ vtk escdarch, covilopent and
Scrvice industri-s, potl rcscarch “ark in Jort beroling aid one o tsice
of Tew York Cit) f und that an ori inal lan .o < xelude PAMUacturin had to
be abandoned, 1n all cases, hovever, it was fourd that onl; science=oricntod
tanufacturin - con anics vere likely to settle in & researc: park.

+any s all wanufacturin- Cunvanics, unable .o finunce si. nificant
research of their own, locute in  reszarch nark,

Lany s.all anufacturing coupanics, unable Lo finance 8i nificant
research cf their own s locate in g rescarch park within g science conplex
because of the Proxirdty of -ovemment laboratorics and other sourees of
Fescarch assistance,

Cther comranies rrigh to lave their research and manvfacturing ir close
aroximity, They vant to heve the mamufocturing facility in the Laue area
if not in the saue bullding,

iediwi-gized fenuiacturin: cuapanies with & large nrovortion of techniecl
Personnel ray select a regsearch park Locause of tlie stiuulation afforded by
contacts with other technicians,

~conondes of scale in the design of research rarks favour the inclusion
of anufacturin- enterprises since the latter require at leust Vifteen times
more land than rescarch facilities,

The desi n of the research park undepr consideration serarstes in tio
areas th: activitics predoninantly concerned with rescareh op developrient
from L ose nredominantly cancern.d with manufacturing,
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i ]JL ticy of §v use 1 »8 fdllf)"fsf
LEres Legctores
L2
coareh ooyl v Lopsont 2L £1
(iht anuoccturin pIey 202
ndve raily -on onsorod ohe
rrofit sorvices 52 21
o reinl sorvic s 6 15

It G estinmab ot oao b 199 <0 fojient in the alove iracts will

gonclusions for the leyelopin. Countrics
The —rineirles und. rlying this project and the growine sciences
Lrowstry coaplex of whock it is ¢ cart are pertinent to the developing

counirics, The {ollowin corclusions siould bg further studied for rossible
develo want of research rarks in these countrics,

(1) The rapid incrresse ' pescarch <xpenditure in the United Ctates
and in other industrial cvuntries nay need to be paralleled in the devel-
oring countpies, Their need is Jor an uaditional a plied researeh and
developrent «ffort - not {or basic research, The resulits of the latter
are not dependent upon the environment of use und can readily be transferred
fro.: country tou cowntrye (n the other hanc, it is becoring increasingly
difficult to transfer technolories = tie results of applied research -
as the sconorie and tochnolo ical gaps vwiden between .sany of the devele
oning . the in‘ustrial counirics, The developin: countries acting
co-operatively tay have to supply a larger share of their applied research
needs thouselves if the industrial technologies t 3y enploy are to be

anprosriate to thelr needs,

(2) The econcuies of scale that ive rise to seience~industry
couplexes in the United States .ay be even iore important factors in the
develoring countries where both personnel and funds are severely limited.
studies may reveal major econcuies by having even technically unrelated
covernment-s-onsored research institutes in close ~rorimity,
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(3) fncouruge-r.ient to close interact jop a.on - industr » OVermuent
rcscarch institutes, - NG eéducational facilitis is importunt in the devel -
oring countries where in ~any instanccg Orgenizationg und< rtakin - rescareh
tend to isolate thomselveg fro.. theip €Conoicg, Fhysical proximity jg not

icies favourin: interactian. A
high Concentration of (ovsnment-aponaored Fiscarch coyld not be Justifseq
b, the pain to the limited humber of Copani s whicp would be ab). to locate
vithin the coniplex, However, the experi nee o
inieractions wWi'hin the camplex would prove ya)

‘uable for the tXtension of
various forg of assistance to imuatry over

the country,

eods of industry

Services establ{shed
without 3 sufficient demand « 4 often happens « are wvastefu] or resmirces,

(5) The actions Fecomended for 4 seience-indnatry Couplex in Colorade

would & ply to a developinf; count ry wishing to castablish modem wu:mﬁng
incustyy euploying tecrmlotzies approprisie to the enviromment or the country,







