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1.1.

CHPTR 1
Introduction

The study and amalysis of econamic aspects of techrolagical
dae is a fairly novel preoccupation of econanists. Until recently
there hes been a conspicuous disregard of this topic by econamic
theorists, despite its recognised inportance in industrial competi-
tion ad econamic grosth. As Jenkes et al (1989) point aut,
future historians will no doubt find it remarkeble that so little
systematic analysis was conducted in this area in the first half of
the twatieth catury.  Whille the post-war period hes seen a gradual
developrent of active interest on "te part of econamists, it still
remains a comparatively neglected topic.

The most doviious and possibly most inportant reason for this
neglect is the diffiaculty ilvolved in adgpting and apopllying conver-
tiomal economic theory to this area. Imovation is, to a greater or
lesser extent,a venture into the unknonn as far as its developrant is
cocermed. In such ciraurstances pest experience and quantitative
tedmniques nay provide minimal guidance for decisionnekers.

It is in this context, and with due adeowvledgement of the diffi-
aulties faced in model-building in this area, that an approach
analysis of resource allocation to research and development in the
corporation is develgoed later in the thesis. In partiaular, R &D
budgetingtechniques, possible determinents of the level of R &D
eqaditure, ard the distribution of resources to besic rescarch, will
be studied in later depters. It is hoped the hypotheses tested in
this respect willl contriibute tonards an improved understanding of the
rature of techrological dhange in the modem corporation.

The thesis s divided into part 1, consisting of depters 1o 5
inclusive, and part 11, consisting of the last four depters.  Part |
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is concermed with the development of a model of corporate decision-
meking, the model itself being formulated in chepter 5. The early
dhepters lay the ground for this develgarent by dealing with three
related topics on coporate R & D.  Chgpter 2 deals with the daract-
eristics of research ad develgoment at project levebyparticularly the
relationship between science and tedrolagy, ad the pervasiveness
of ucertainty inR &Dwork.  In this latter respect it provides a
besis for criticism of the necclassical and statistical theories
discussed In dgpter 3. Honever dgpter 2 also develgps the conogpt
of hierarchical arrangement,or ordering,of R & D sub-systams which is
of use later in analysing the determinants of basic research activity.

Chapter 3 disausses the prablems of theory goplication in co-
ditions of pervasive uncertainty.  Three of the goproaches disoussed -
neoclassical ecommics, decision meking under uncertainty, and behavioural
theory, have a comon bod in that they vere initially developed and
aoplied to problems other than research and development,  but each
hes subsequently been suggested to be gplicable to prablers of R & D
and tedvolagical dhange. A fourth econamiic approach develloped by
Penrose (1989) 1o deal with the growth of fims is also disoussed, part-
ly because of its potential gpplication to the area of techrolagical -
dae, but also because it provides useful quidelines for suose-
quent theory huilding, in conjunction with the behavioural theory of
the fim.

Chepters 2 and 3 together are intended to demonstrate the diffi-
aulties of gplying received theory 1o tedrological dae.
Critician is directed to theory goplication in this specific area ad
is not intended to be general critician of the theoriies as auch. It
is in this antext that chapter 4 takes a wider look at corporate
decisionHneking and resource allocation, with special reference to the
role of tedrological dange in this fraaenork.  The typically hierar-
chical nature of corporate resource allocation is pointed aut, ad the



- 13-
role of R &D as a specialised ad institutionalised function in the
modem corporation is argued. It s suggested corporations mist
be regarded as open systars "Which maintain themselves through
constant comerce with their enviroment, i.e. a cosistent inflov
and outflown of erergy through permesblle boundaries,” (Kaiz ad

Kam, 1966, pp.18-19). In this thesis this is interpreted o
mean that decision makers not onlly react to the corporate erviron-

ment, but consciously and autonamouslly act to shgpe and mould the
enviroment itself.

This provides the besis for the model develgarent in depter 5.
The arguments developed in the previous depter contriibute to the
model of the fim as a hierarchically organised gpen system in which
R & D gperates as a specialised function.

Part 1, then, is concermed with the development of the model of
the firm as a hierarchically organised open system inwhich R &D
operates as a specialised fuction.  Part 11 gplies this open sys-
tam interpretation in the enpirical amalyses of chgpters 6 to 8 inclu-
sive. Chgpter 5 is concemed with accounting  for dissimilarities in
budgeting converttions adopted by corporations gperating under different
ciroumstances In Westem Europe and the Uniited States.  The evidence of
a nurber of suneys and studies is aasidered in this dgpter, ad It
is suggested that not only does the gpen systam interpretation
recorcile gpparently arbitrary differences in budgeting "style”, but
also that the systars interpretation developed here provides a ratioral
besis for rule-of-thurb budgeting tedmniques employed by meny large
corporatios, and frequently described as "illogical’” or "iratioal’.

In depter 7, hypotheses based on the gpen systers framenork are
develgeed, ad regression analysis conducted in an enpirical exan-
ination of the hypotheses.  Specifically, possible determinants of
R & D and besic research activity in U.S.indstry are investigated.
As well as constituting an enpirical study of the possible influences
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on coporate allocations to tedrological dage, it is sugpgested that
the model develgped iin part 1 provides a sound framenork for the
ampirical hypotheses of this dgpter.  Not only does it avoid many
of the conogptual difficulties of conventiional goproadhes such as neo-
classical theory, it also illustrates how the hierarchic "top-doan'”
system of resource allocation widely adopted by large corporatios may
be interpreted as rational beraviaur.

Chepter 8 iIs concermed with intra-industry variation in alloca-
tions to tedrological dange activity, and may be regarded as
caomplerenting the essatially indstry level orientation of depter 7.
It disausses the role of rivalry as far as conpetition in imovative
activity is concermed, in partiaular the propensity of corporations
to match or imitate covpetitor allocations, e.g. in tems of percen-
tage of sales allocated 1o research and develgoment.  Agparently con-
tradictory evidence as to whether or not conpetitive matching is a
prevalent form of industrrial benaviour is amalysed in this dgpter,
ad a recorciliation is suggested based on the adgptive leaming
aspect of the systems gpproach developed earlier.

Part 11 is concluded with a short summary as to the main con-
clusions of the thesis ad possible inplicatios for future amalysis.
It is suggested that necclassical econamics does not provide an
adequate framenork for investigation of tedrolagical dage, ad
that the altemative goproach develgoed here and besed on conogpts
develgped in gereral systam theory may gererate a more satisfectory
besis for study of certain aspects of this prablem area.  \hille
the diffiaulties of goplying necclassical econanics in this area are
gererally agreed, it is hoped the potential usefulness of gereral
system theory is demonstrated through the studies disoussed in
depters 6 to 8 inclusive.

It will be empresised, honever, that the usefulness of the systers



approach can onlly be examined indirectly.  There are no precise,
testable hypotheses provided.  As Katz ad Kan (1966) coment;

"In sare respects gpen-system theory is not a theory  at all;
it does not pretend to the specific sequenoss of cause and effect, the
specific hypotheses and tests of hypotheses which are the besic elerents
of theory.  Qpen-system theory is rather a framenork, a meta-theory'”
©-452).

The approach provides a frare of reference wirthin which loner
level hypotheses capablle of enpirical testing can be gererated.  The
oconcepts and interpretations of the systans gproach provides a
perspective ad besis for empirical aalysis, not a set of ready mece
hypotheses.  Thus, rejection of a loner level hypothesis need rot
imply rejection of the systams goproach.

This goparent inrefutability of the systars goproach in no vway
inalidates its use. Most theoretical goproedes incorporate var-
iables and relationships at higher leels that are not directly db-

servable, but which have goerational conrelates at lover leels; the
relevance or otherwise of the systars goproach will lbe debated on the

besis of the performance of loner level hypothesis.

As far as the emirical hypotheses cosistent with alterrative
theoretical goproadhes are concermed, hypotheses may be similar or
coflicting between these different framenorks, or it may be that a
hypothesis may have no correspoding or conflicting hypotheses in
other gooroedes.  The latter is partiaularly likely if one goproech
sugoests a rich vein of testable lover level hypotheses.

These possibilities are of particular relevaxe as far as tte
regression amalysis conducted in depter 7 is concermed.  Some of the
hypotheses may be consistent with the neccllassical theory of the fim,
while with others it is difficult to see hew they might be developed
in a project besed theory of the firm framnork. e will be argued
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that the systars goproach must be judged on assessment of the loner
level hypotheses cosidered as awhole.  The regression analysis of
chapter 7 gopears 1o offer a good explanation, not only of the behaviour
of R & D at industry leels, hut also daracteristics of yitake of
besic research activity by corporatios.  Although conventioally it

is gererally assumed that resource allocation to this latter phenaorea
is particularly difficult, if not inpossible, o acoount for in econamic
analysis, dgpter 7 suggests that this may not be the cese. Not all
the loner leel hypotheses are supported by the evidence in this pare
ticular study but it will be argued that the general performence of

the regression aalysis is goad.
The thesis is tharefore intended to provide a useful though partial

framenork for the analysis of aspects of tedrolagical dange in the
corporation. One area of dwvioss relevance which is virtually negl-
ected is that of selection of projects and resource allocation within
the R & D budget aostraint; hosever it is argued later that this is
Justified in tems of the points mede in depters 4 ad 5. Beariing
in mind such potential restrictios on the analysis, amain aim of
the thesis is the provision of a useful conoeptual framenork for

the amalysis of resource allocation to techrolagical dange in the
large modem corporation, and demonstration of the potential goplica-
bility of rational analysis to aress where it hes been frequently soes”
t=d o be inelevatt.

Honever there is a second main dojective of this thesis which
evolhved from adwes stinullated by, the nature of the problens en-
countered in developing this framenork. It will be arged that the
amphesis on individual elenatts in the resource allocating process
in analytic theories such as those of the neoclassical econamists may
actually dosene or inhibit uderstanding of decision neking in the
corporation.  Neoclassical theory hes as its building blods the ind-
ividual consurer, product,and projects, larger units being defined in
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tems of suts of individal elerets.  The tedmnique of aggregation
is us=d innoving from micro-levels 1o higher lewels of analysis.

It is a basic teret of this thesis that reduction to component
elanets ad definition of higher leels as aggregates may be in-
gooropriate in certain ciraurstances ad for investigation of
specific phreorera. Insteed a systemic or holistic view of the
corporation is suggested as an altermative approach to aspects of
resource allocation. . Two maiin reesons are given for this.  Firstly,
advantace may be taken of redundancy at loner lewels; only limited
ard highlly abstract detaill may be necessary to adequately descriibe or
gopraxinete a systems behaviour.  This is illustrated ina prag-
matic way by simulation models which in certain cirounstances may
provide a goad description of the behaviiour of complex systens whille
utilising only highly selective ad schematic information.  Secondly,
system description and behaviour may be non-reducible as far as
specification in tems of costituent elerets is concermed.

Patten, configuration or "'gestalt’’ may be established at relatively
high lewels of abstraction, and may not be directly deriveble from
corsideration of components alane. Both these arguments are used in
interpreting  the corporation as an adgptive, hierarchically struc-
tured systam, and will be develgped at greater length in subsequent
disoussion.

Thus the dbjectives of the thesis are besically twofold.

Firstly, it is intended that a satisfactory and useful gpproach to
sae cecisioHeking problars relating to techrological dhange in
the modem corporation may be develgped.  Secondly, it is hoped that
a convincing case may be made for the argument thatt the dominance

of a reductionist perspective in standard economic goproades may
hinder rather than assist model building insae casss. It is
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terms of surs of individial elerets. The tedmique of aggregation
is used inmoving fran micro-levels to higher leels of aalysis.

It is a basic teret of this thesis that reduction to component
elerents and definition of higher leels as aggregates nay be in-
aopropriate in certain ciranstances and for investigation of
specific prerorera. Instead a systamic or holistic view of the
corporation Is sugpested as an altermative goproach to aspects of
resource allocation.  Two main reesons are given for this.  Firstly,
advaritage may be taken of redundancy at loner leels; only limited
and highly abstract detail may be necessary to adequately describe or
aoproxinete a systens behaviaur.  This is illustrated ina prag-
matic vay by simulation models which in certain ciraunstanoes may
provide a good description of the behaviour of camplex systens while
utilising only highly selective ad schematic infomation.  Secodly,
system description ad behaviour may be non-redicible as far as
specification in tems of constituent elenetts is conoamed.

Pattem, corfiguration or "gestalt’ may be established at relatively
high lewels of abstraction, and may not be directly deriveble from
consideration of components aloe.  Both these argumentts are used in
interpreting the corporation as an adgptive, hierarchically struc-
tured systan, and will be develgped at greater length in subsequent
discussion.

Thus the dbjectives of the thesis are besically twofold.

Firstly, it is inteded that a satisfactory and useful goproech
same decisioHmeking problems relating to tedrological dage In
the modem corporation may be develogped. Secodly, it is hoped that
a covincing case nay be made for the argument that the daminence

of a reductionist perspective In standard econamic gooroaches nay
hinder rather than assist model building In save cases Itis
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hoped the followving anallysis may demonstrate the possible usefulness
of an altemative econanic mocel of the firm based on the costiucts

of gereral system theory.



CHAPTRR 2
Industrial Research ad Develgoment: at Project
lieel in the Modem Corporation
The existence of tedrological dange hes  created nuneraus theo-
retical and empirical problems for econonists. It directly dallenges
a basic assunption of neoclassical micro-econamics that the state of
tedrology is given;  invetion alters the production function of
fims and/or the types of products produced, and the process by which
such development  occurs s little uderstood as yet.  Firstly, the
gereration of radical imovation may inolve conpllex and highly tecmical
issues which are difficult to cainunicate from scientists ad tedrolo-
gists to ecommists..  Secodly, even if the prablems of cormumcation
between disciplines could be sohved, there is little evidence that
professional R & D workers ocould articulate meaningful and useful
mocels of R & D activity, as we hope to damostrate later in this
depter.

The interent difficulties for model building in this area are
reirforced by the role of R & D as a peripheral industrial activity
uttil relatively recettly.  Eoconamic amalysis hes tended to concent-
rate on aress more arensble to treatment using Its sophisticated ad
quentitatively based techniques and when research and develgarent
R &D) could no loger be igored due to Its repid Incresse iIn
developed countrries post-war, a nurber of goproedhes tested and
accepted inother aress proved diffiault, if not inpossibleto
aply o R &Dwork.  This will be disoussed further in Chepter 3,
and specific gooroadhes willl be examined in this respect. Honever,
before we can do 0, it is necessary to amalyse why and how research
and develgoment may present particular problens for corporate decision
nekers, and this is the purpose of this depter.
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Wirth this aim inmind, the prime concem of the present chapter
is with the effect of uncertainty on the aplicability of rational
mocels ad analysis.  First of all ve willl eanire the types of
activity associated with R & D work and associated classificatory
problas.  The difficulties of goplying rational aalysis in these
aress will be disossed, and evidence for the central inportance of
ucertainty preseited.  The effect of uncertainty on autput of
types of R & D activity as well as in the relatiaships between types
of R & D activity will then be exaninad in attenpting © illuninate
its role in the R & D prooess.

It will be suggested that as yet at project lewel there is little
evidence that rational models of techrological imovation exist or are
dotaineble, and provides an essential besis for the argument developed
in Chapter 3.  Honever, in Chapter 4 we willll point out that it is
possible to identify at lesst two separate arees  of R & D deciision:

@) the determiration of the overall budget,ad,

(i) the allocation of resources to individual projects,
ad suggest in later depters that the ingplicability of rational
mocels 1o the latter area may not mean necessarily that rational
analysis is of little use in the determiration of the overall budget
for tedrolagical imovation.

Firstly,horever, we will disouss the nature of inverttion and imov-
ation, and what is inplied by thoseR & D activities as well as disoussing
the possible relationship between science and techrology inthe R &D
prooess.

Industrial Imovative Activity:  Gonogpts and Classification

Innovattive activity by the firmmay be interpreted as being of
two distinct types, in gereral;  imovation gererating and imitative
behaviaur. As Nelson (1972) points aut, for a model (OF firm bahaviaur)
really cgpeble of gererating and responding to tedrological change
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it soams essential to incoporate -..."'sare kind of an inmovating
or intemal search mechanian for inprovamant, and sare kind of an
imitation medhanian whereby what are firmdoes can induce another
fim to do likewise™. (49

In the folloving dgpters we shall be primarily concermed with the
intermal search for inovations, or inovation gereration, rather
then with the imitation or diffusion process. Honever in the devel-
goent of a model we shall also consiider how the allocation of resources
0 extermal search for innovations may be included in a more gereral
aalysis.

Intermal search activity for tedrological inmovations is the
resporsibility of corporate research and develgorent R & D) depart-
mets.  While definitios ad interpretatios of R & D activity varies,
those of the Natiomal Science Foudation (\&F 1973 (D) ) are wicely
aooepted;  research and development is defined by the Foundation as,

"Basic and gplied research in the sciences and engineering ad the
design and develaprent of prototypes and processes””,  (p-19)-

The Foundation also provides standard definitions of the types of R
& D activity mertioned dove.  Besic research is defined as,

"Original investigatios for the advencement of scientific knovledge
not having specific comercial dyjectives, although such investi-
catians may be in fields of presat or potential interest o the
reporting anpary”, (.19).

Basic research is distinguished from goplied ressarch, the latter

being defined &s;

“"Investigations directed to the disoovery of new scientific knowv-
ledge having specific comercial dojectives with respect to products
or proceses.  This definrtion differs fran that of besic research
chiefly in tems of the dojectives of the reporting copary”, (p-19)



Develagrent work is defired as -

"Tednical activities of a nonroutine reture concermed with trans-
lating research findings or other scientific knovledge into products or
processes.  Does not incluce routine tedmical services or other
activities exclut fran the above definition of research and develop-
ment.” (-19)

Sdnookler 0922 @  p-43) honever, classifies together besic
and goplied industriial research activities as defined by the N.S.F.
as goplied scientific research.  Acocording to Sdmookler the justifi-
cation for including industrrial besic research in this category is that
such research may be reasonsblly expected to have eventual industrrial
goplication as its dojective, even thaugh the nature of such goplication
may be difficult or inpossible to specify or anticipate.  This inter-
pretation is consistant with Sdmookler™s gereral view identified by
Gold (1971,p-213) that search for tedvological imovations is directed
tonards potential economic renard.  (See also Sdnookler 1922(b) ).
ANCEDD report (19/0) sygorts this by distinguishing between pure ad
oriented basic research; with oriented besic research, the orgenis-
ation employing the research worker willl normally direct his work
tonards an area of potential interest to the orgenisation, whille in
pure besic research it is prinarily the search for scientific knovledoe
for its omn sake that directs the research effort. The report suggests
that such work tends to be coffined o wniversities, non+orofit orgenis-
ations and government laboratories.

Sthrrodkler™s cotantion thatt pure besic research would terd to be
igored or rejected by fims depends on the assunption that econamic
dojectives are the sole concem of modem corporatios.  In fact a
nurber of anallysts have argued a variety of suggested econamic and non-
econamiic manegerial or corporate dojectives. 2 While bearing in
mind that the evidence cautions against acoepting Scmookler™s argurent
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without modification, at lesst on the grounds of a priori reesoing,

we shall assure firan this point, unless otherwise stated, that allocations
R &D are regarded as cost by corporate decision maekers, and that

they are udertaken in the hope that they will aotribute to revene
producing gperations at sare future point in time.

This assurption is cosistent with the N.S.F. definition of besic
research which recognises the possibility that such work might be an-
ducted in the hope that non—specified comercial goplications may
ultimately result.  The dojectives of such researth is diffiault,
if not inpossible, to specify in econanic tems ex atte, ad as R. Nelson
(9 @ ) points out (p-300-0D), the loose or vegee definition of goals
at the basic research erd of the R & D function s a ratiomal regonse
to the great uncertainties inohed.  This suggests that It is
dangerous to specify precise dojectives supposedly imposed on the
besic research process as is suggested by the "pure’” and "oriented”
distinction. 3 Nelson indicates that direction and dbjectives of
besic research projects may shift considerably as they evolve fran
vageely formulated begimings.

A further problem area is the distinction betieen basic ad gplied
rescarcdh.  In the N.S.F. definitions It tends to parallel that usually
mece between scientific discovery and techrolagical inventiion respectively.
Hovever If the definitions are strictly gplied, scientific discovery
orientated tovard comercial goplication would be interpreted as goplied
research, while  as Schmodkler (1962(a),p-W) points aut, sare inat+
tive work would be interpreted as develgprent.  *Discovery” ad
“Invertion” are often diffiault distinctions to meke In practice, but
Siegel (1962) provides a distinction axrsistent with the cosenaus in
the literature:

“adiscover/my bea W fact, principle,hypothesis, theory or law
oonceming naturel  (including h»an> phen»» . that are doseneble
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without nodification, at lesst on the grounds of a priori ressming,

we shall assume from this point, unless otherwise stated, that allocatios
R &D are regarded as aost by corporate decision nekers, ad that

they are udertaken in the hope that they will contribute to revene
producing geerations at sore future point in tine.

This assumption is cosistent with the N.S_F. definition of besic
research which recognises the possibility that such work mightt be con-
ducted in the hope that non-specified comercial goplicatios may
ultimetely result.  The dbjectives of such research is diffiault,
if not inpossible, to specify in econanic terms ex ante, and as R. Nelson
(9 @ ) points aut (P-300-0D), the loose or vage definition of goals
at the besic research ed of the R & D function is a ratioal regose
1o the great uncertainties inohed.  This sugests that it is
dangerous to specify precise dojectives suypposedlly inposed on the
besic research process as is suggested by the "oure” ad “orientted”
distinction. 3 Nelson indicates that direction and dojectives of
besic research projects may shift considerably as they evolhve fram
vegely formulated begimiings.

A further problem area is the distinction between besic ad gplied
recarch.  In the N.S.F. definitions it tends to parallel that usially
rece between scientific disoovery and tedrological invention respectively.
Honever I the definitios are strictly gplied, scientific disocoery
orientated toward ocomeroial goplication would be interpreted as goplied
research, while  as Sdnookler (1962(@),p-«) points aut, sore inen-
tive work woulld be interpreted as develgprent.  'Disowvery” ad
"Invention’ are often difficult distinctions to meke in practice, but
Siecel (1932) provides a distinction cosistat with the cosenas in
the literature:

“'a discovery nay be a "rev” fact, principle,hypothesis, theory or law
concemiing natural (including huren) phenomena. thatt are dosenveble



directly or through their effects.” (p.442).

Indention, acocording to Siegel," ey be regarded as purposeful ad
practical cotriving based on existing knovledoe (theoretical or
goplied) and uncomon irsight or skill; that is as the act of bring-
ing to workable condition a poterttially econanic or usablle process
or predct .. _that hes a significatly nowel featurd'. (p4420).

While the distinction between scientific and techrolagical R & D nay
be diffiault to meke In practice, Price (19%5), for exaple, suggests
that the two badies of knovledoe are quite sgparate, both conoeptual ly
ad in their historical develgorent, as would be expected from Sieel s
distinction. One dovious distinction franan econanic point of
view is that scientific knonrkedoe is non-Patentable. Free ad public
comunication of reaults is a traditional ad ingrained value of the
scientific comunity, and consequently it is likely that the fimwill
not be able 1o gain the full econamic value areated by research for
new scientific knoovledge (\elsn,199(@);.  Howvever, recognition is
gererally made that property rights in inventiion are necessary to at
least soe extant in order for techrolagical research to be conducted
by private compenies.  Non—gppropriability of results would result in
the poterttial extermal econamics of research being high, but with the
private incentive to conduct research being reduced because of the
ability of other firms to aypy or imitate eqasively resesarded Imo-
vatios.  Consequently, in the light of the separate traditions of
science ad tedrology, science is frequently regarded as both the
retural and rightful conoem of social policy rather then private
indstry. (Q\elsn 199 @),p- 2P & p-3B)-  This is supported by the
cbsenved distribution of R & D activity amng sectios in the U.S:
N.S.F. statistics esiiiate that private industry carried out 14.2% of besic
research, 57-2% of goplied research and 8.5% of developrent, conduc-
ted by all sectors of the US. econony in 1972 (\atioal Science



Foundation 1972 (@), Teble p.6-7). Universities ad colleges were
the main performers of besic rescarch (56.7) with the residual being
aocounted for by Federal ad Federally fuded institutias ad “'other
non profit  institutions”” (2.1%).-

Honever distinction between the two systens can also be mece In tems
of the hebits and nores of scientists ad tedrolagists.  Price (1965,
p-130) suggests that scientiists are notivated tonards discovering new
scientific knovledge for reesons of prestige and recognition of pro-
fessioal excellence, while tedrolagists are concarmed with more
comercially oriented work concermed with the search for privately
gopropricble Iinvetion. 4 According o Price, sciettists ad tedr
rolagists are gererally very differant types of people with differing
motivation and even training,and Gibbos et al (1974,p.223) sugest
science and tedrology may be considered distinct to the extent trat
it is possible to identify two separate professional groyps distinguish-
able in tarms of their respective attitudes, values ad moms.  Else-
where Price (1989,p-171-2) states that scientific effort is directd
tonards publishing results, while tedrological effort is directed
by the opposite notivation of concealment, at lesst until patenting is
achieved.

Consequently, sore taxonomies of R & D activity have attenpted to
identify scientific ad tedolagical sub-systens of R & D activity, the
former concermed wirth disoovery of scientific knovede, the latter
oconceimed with revision  and augrentattion of productive tedmigues ad
products.5  Mechlup™s frarenork (See Teble 2.1) identifies to
separate subsystans with this intent, "besic researdi” concermed with
production of research pgpers ad sciettific pledge (Cossquatly
broadening the definition to incluce sore scientific rescarch inter—
pretable as goplied research in the N.S_F definitians) ad “inverttive
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actvity' (which includes, for eaple, patenting activity, sare of
which woulld be defined as develgarent work in strict interpretation

of the N.S.F.oode).  Unesoco (2970 in Frearen 1974,p0p.38-9) identifies
these differences between taxonomies, while emphissising the aconceptual
usefulness but empirical difficulty of distinguishing betneen R & D
sbsystars.  The 0.E.C.D, D.AA.S/SPR. report (19/0) puts the problem
in oontext:

*The three categories of R & D may saretimes be carriied aut in the
sare catre by substantially the sare staff.  In real life, R &D
activities do not necessarily fall into the three suoosssive ad distinct
categories defined aove. For suney purposss, artificial decisions
may have to be made inwhat is more or less a continuous process ad
the gopropriate allocation of a given R & D activity to ae of the
categories may be reither natural nor dovious.  For instance,
although an R & D project in an institution may be at the goplied
rescardvoeveloorent stage, investigation ney reveal that sere of tte
fuds are being spent on further basic research that is necessary
before progress can be nece.”  (p-316-17)

Nelsn (190 (@),p-300) enphesises the "fuzzy boundaries”” between
conogpteal ly distinct categoriies of R & D, and Sdmookler (19686) Sugpests
that the process of tedrolagical invention may involve the simul-
taneos synthesis of variass agpects of science and tedrolagyy, the
inplicit sequentiality of the basic rescardV gplied research ad
develgoment categoriies tending to mislead interpretations of the
inovative proosss.  Also Falk (1973,p. 188) ad Salamon (1971,p.1D
emresise tre diffiaulties of distinguishing the traditional categories
of R & D at both conceptual and goeratiaal lewels, .whille Gibbos et
al (1974,pp.223¢ 241) emresise the close similarity of scietific
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and tedrological methods of investigation, ad the wide variety of

potential forms of interaction between the wo forms of research.
Therefore there are a nunber of different types of R & D activity which

may aarbine and interact in the course of particullar projects.  As we

sall s¢e in the next section, a nurber of pest mocels have assumed

the form of interaction to be linear or sequential:i.e. a develop-

mert proceeds in an orderly fashion from are stage o the rext. e

will eanire this assunption, together with the more gereral propo-

sition that rational mocelling is fessible in highly imovative

activity.

The Ratianal Model of Innovation

Sdon (1967) ad Gold (1971) have identified,ad strogly criticised,
the pernvesive and widely held view that imovation is a ratioal prooess
which is cgoeble of maregement, direction ad ocnlrol.g Whille
ratioality is not a sinple conogpt to defire, Sinon (19%65) sugests
a multi-dimensional  interpretation, providing in particular an impor-
tant distinction between dojective and sibjective ratiaality.

rationality is concermed with the selection of preferred behav-
iour altermatives in tems of sare systam of values whereby the conseouen-
ces of behaviour be evaluated. . . . . a decision may be called"dojectively”
ratioal if in fact it is the conrect behaviour for meximising given
values in a given sittation. It is "shjectively” rational if it
meximises attaiment relative to the actual pledge of the subject’”.
(- 75-75),

Whether ratiomality is subjective or dojective, it inplies that the
decisioHreking process is goal-directed, menegesble and aontrolleble.
Schon (196 pp-3-5, 19-) cites evidence to suggest that inovation is
widely regarded as being a ratioal process, or If ot, cgpeble of
being such.  CGold (197)) also provides extensive evidence to suggest



that there is a "'syngptic model'" of imovation, (See p-213-15),in
which rationality of decision meking aonstitutes the definitive
there.  The synoptiic model hes four major buillding blods:

@ the belief that tedolagical inmnovation is inherently
attractive iIn corporatios, particularly in the comtext of
potential econamic renarts;

@® the belief that tedological imovations are plamed and
controlled by maregement;

© the belief that decision meking is rational with built in
evaluative feedback logss;

@ the belief that R8D constitutesthe most inportant means
effecting growth and profitability.

Influential proponents of the rational view incluce Mechlup (A922(00) )
who suggests (p-153) that the process of  inverttion hes become systendtic,
routinized adamereble t© rational aalysis, ad Sdupeter  (199)
who states:

" ... Tt Is much essier now then it hes been in thepest 1t o
things that lie outside familiar routire - imovation itself is being
reduced to rautire.  Tedyolagical progress is increassingly becoming
the business of teans of trained specialists who tum out what is
required ad neke It work in predictable ways.  The rarence of
earlier comereial adverture is rgpidly wearing anay because so many
things can be strictly calaulated that hed of old to be visialized in a
flash of genius.(p.132) . Howvever, Schon provides evidence, ad Gold
cites an inpressive array of studies, 1o infer that the ratioal view
of innovation and the consituent *tuillding blods” of the syngptic model
are misleading. Extarsive enpirical evidence is suyplied by Jenkes
et al,(1999),ad Lagrish et al (1972). Jenkes et al, concentrating
on the inventiion stages of the Imovation process, found fram sixty
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cae studies that invention is extrarely difficult to cosciosly
direct or cotrol (p.108-09), that intuition and dence were cantral
factors in tedmical progress (p.169) and that prediction is practically
inpossible as far as most iInventias are concermed ([Ip-170-77).
Lagrishet al, concermed with the total imovation process in thirty
six studies of Queen”s Anard winners enphesise the plurality of souross
of inovation and the unressoreblleness of using or adhering o the
oonogpt of a linear proosss of imovation develgpomentt (p.7). !

Price and Bass (1999) identify a conoeptual model of the imovation
process based on assunptions of ratioality and linearity similar to
those criticised by Gold and Sdon, and argue that for radical ino-
vations the organisations which introduce them nust udergo major
intermal develgarent and dage, much of which camot be programed
in advance. This has been subsequentlly supported by empirical research
by a team from the linois Institute of Tedrology (193), ad Glde
et al (1973), both of which fourd that norHmission oriented research
played an extrarely inportant role in the develgoment of selected
major imovations.  The former study (codenared T.R-A.C.E.S.) foud
that 706 of events aconsidered important in leading to the dotaining
of the five mgjor imovatios studied,were non-mission oriented, while
Glaxe et al foud that nonHmission oriiented research acoourtted for
5/ of “significant eents” 9  in the pre-imovative periaod (periad
before the origiral idea of the Imovation is aoceived), 166 of
“significatt e.ents” during the imovative periiod (fran conogption o
realisation of the Imovation) and 104 during the post-inmovation
period(marketing, diffusion ad inproements periad). 0

Mechlup®s t2ble of the flow of idess through the imovation prooess
(ble2.1) indicates the amplexity of the prooess ad illustrates
the difficulties inohed in anallysing inmovative activity as a ratioel



lincar process. As can be seen fran the inut/autput fllew, not

onlly do nonrogranmeblle *prablems,  idees and hundes™” provide input
w to and including the developrent stage, but *practical problems

and idess” constitute part of all imovative activity output, even

at the gpparently terminal stage of new plait costruction. Further
the identified informational  flew conradicts the idea of a sinple
lirear, sequential model of the imovation prooess.

As would be exqpected in such ciraurstances, estinates of develop-
ment time or cost for any particular project are typically subject to
suostantial ervor. . Marshall and Medding (1952) fourd in a study of
twenty two major military develgoment projects that the mean value of
the ratio of the nost recent available firal aost estimates
the earliest amilable estimates 1o be between 2.4 - 3, and extersias
of developrent timke by 1/3to j o be typical (p474). Significantly
for the predictability of inmnowvation cost, variance around the mean
value wes also high (see page 480), tending to reaut interpretation of
the mean value of latest to earliest aost estimates as being sinply de
to gotimistic bies. “  As would be eqected fram criticists of the
rational mocel, high variability ad ureliability is typically the
case inmajor and radical inovation develgments. =

In this context, normative amalysis of research ad develgarent
menegement hes frequently enphesiised the inebility of the deciision
meker 1o impose a high degree of control over the Imovation process.
Nelson (1952) noted the tendency for selection of projects in a highly
productive indstrial research laboratory 14 1o be effected by an
evolutiocrary or "natural selection* proosss (p.572) and has advocated
that R &D shauld be explicitly recognised as being unreligble ad
unpredictzble,ad that especially in the early stages,a high degree of
control should not be inposed over the imovation process;  insteed a
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rutber of projects shoulld be permitted and encouraged o develop, ad
a high rate of project failure should be anticipated ad acospted in
advace (\elson 199 (b),ad 1972).  \While Gold (1971) does ot offer
sinple nomative solutios to his criticists of the ratiomal mocel, he
does sugpest that amalysis should concentrate an hew the process of
imovation actually gperates rather then trying to moulld the plaming
and decisioHneking prooess acoording to pre-conceived analytical
fraenorks, (see particularly p.245) . Sdon (1967) argues that tedo-
logical change is inmegular, upredicteble, and that rather then attenpt
to medhenise or routinise dage, an atmosphere recegptive and conducive
1o change should be created intheoorpora[ti'cn.15

Klein (1962)" basing his argurent on the Marshal l-veckling results
amog other case studies of imovation develgorent, infers that effic-
iengy in the "rarroner serse’ of the rational model irhibits inproved
decision meking iNR &D (p-497), ad that treating R & D  projects &
if they are liable 1 be controllable and well behaved may tum out
1o be costly in the ed @A%). Like Cold, Klein sugests that the
inmovation process may not be aalyzable in terms of the standard optim-
isation tedmiiques which are gplicable to routire projects.  Klein
arges that nultiple goproades and inposing lew aonstraints on the
progress of innovation develgarent willl provide greater goportunity for
the developrent of a vible and useful system.

Hirschmen and Lindblan (1952) sugoest that rather then being an
isolated vienpoint, Klein®s work alongwith joint wo* with heckling
my be identified as ane agpect of convergant thinking on noiimtive deci-
sion meking in the area of ecomanic develogament and public policy~
makhg as well as tedrological R > D itelf. H Htochman ad
Lindolan identify a nurber of specific points of agreamant between the
varios interpretations, particularly the likelihood that meedsnsing
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tedmiques for analysis may proe positively detrimerttal in nery, aress
of decision meking ad policy fomulation, that "disorderly” develop-
ment of decisions, Imovations and policies may be desirable, and that
elaborate and extensive attenpts o specify altermatives, identify
endgoals and integrate plamiing are frequently counterproductive in
aonditians of ;high anplexity, insufficient inducarents o decision
meking, uncertainty and/or limited decision neking cgoecity.

As Hirsdmen and Lindolom suggest, the respective sources place
different erphesis on the inportance of each justification for abandon-
ing the ratio™] mocel.  They point out that the ratioale for
criticising the goplicability of the ratiomal mocel in Klein ad
Meckling™s view is future uncertainties, i.e. the insbility of decision
mekers to anticipate or predict the shepe of future tedhological
deelogpents.18 It will be suggested in the next section that uncer-
tainty is the dominant consiideration in analysis of the inmovative
process, and that It is the influence and inplications for decision
meking of uncertainty that hes to be focused on in costructing models

of Imovation.
Uncertainties in the Inmovation Process

= Knight (A1) first distinguished between measurable and quenti-
fiable uncertainty or risk, and ummessurable or tne ucertainty.
Conoepteal ly risk and uncertainty are quite distinct, although in
practice they may be difficult to ssparate. Risk dgpends on the
existence of replicebility ad homogereity of events, and the conse-
quet calaulation of prassbilities of ooocurrence, oost etc. using statistical
tedniges.  True uncertainty on the other hand camot be reduced to
abjective praebilities and consequently gualitative analysis involving
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"hundhes””, intuition, judgement tends 1o play a prominent role in
decision meking when uncertainty is present,and when decisians are
totally or partially nonprogrameble.  There is in fact a layg
standing and contiinuing dispute between Bayesian and non-Bayesian
statisticians as to the legitimecy of quantification in unige
decisias. e shall touch on this problem in the next dgpter, but
for the novent we will utillise the non-Bayesian distinction between
risk and uncertainly.

Essentially, the existence of risk poses no real probllen for the
rational nocel.  Given the existence of dbjective praebilities of
future states, certainty equinvalents may be calcullated for specific
oaurses of action, and rational doice of altermative nmay be mede,given
the dojectives of the decision maker and perceived values and estimeted
prooebilities of possible autoores. Hwever, in conditios of
uncertainty, the assunptions of ratioal aalysis no loger hold
(specifically those requiring that all altermative future states
be specified, with associated values and risk of coounrence);
consequently the rational model itself may no longer be gpliceble, as
Gold and Schon have shean, if uncertainty s a significant fector
affecting the decision meking prablem.

In fact uncertainty is widely regarded as an integral ad effec-
tively definitive aspect of imovation, and decision taking for inovation.
As Gold (1971) points aut:

"the overwhelming evidence from enpirical studies so far is that,
except for relatively routire inprovemant projects, upredictability
is penesive. It seens 1o be difficult o predict:  the kinds of
inentions or discowveries likely to ocoaur;  the kinds of gpli-
catios likely 1o be nak of new disooveries; hew close o
suooess given undertekings are;  ad even hew altermative desigs ©
or carefully developed theoretical mocels will twm aut”. EP217-13)3:
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Freamen (1974,pp.223-27) identifies three broad categories of
uncertainties which are associated with imovative activity:  gereral
business, market ad tednical ucartainties.  General business uncer-
tainty gpplies to all decisians which relate o the future, to the
extent that they may be influenced by enviromental variebles (olit-
ical, legpl, ecomic, etc)).  Since inovatias typically hae a
loger gestation period then other inestment decision, it is partic-
ularly relevatt to this decision class.  The other two foms of
uncertainty are project-specific and aocoording to Frearen are not
insureble agpinst as risk.  Tedmical uncertainty refers 1o realised
standards of performance under various geerating coditions for a given
eqediture on R & D, while market uncertainty refers to the extat
to which the inmovation willl be comercially successful for a given
product specification.  Each category of uncertainty is likely to be
of inportance for all but minor developrent projects:  as Harberg
(1953) points aut, utforeseen prablemss aomonly arise that were not
anticipated in preliminary inestigatios.

This is of course as we would expect fran the T.R.A.CEE.S. ad
Gloe (et al) studies, given the inportance of nonHmission oriented
research in the development of the selected inovatios. Hoever, the
tedmical uncertainty surrounding Imovation projects varies qalita-
tively aococording to the type of project.  As Bowie (1953) poirtts out,

"As ore progresses from research through develgoent, design ad

pillot productioninto full production, he is pessing fran a state
of low predictability of specific accamplishment  ae of high
predictebility”,” (p-280-8D).-
Bowie states that basic research "by Its very reture”’ is upredictzble
of specific accomplisment@.-28D). Feamen (1974,p-226) similarly
identifies qualitative differences in uncertainty for various categories
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of imovatios (se Table 2.2 belan) identifying degree of uncertainty
as being associated with the oriiginal source of the inmovation.
Fundamental research, and by inplication basic research, is an extrarely
uncertain undertaking, while goplied research, if the N.S.F. defini-
tions are to be interpreted literally, is interpretable in tems of
categories 1 - 3 (ad possibly 4) with associated high degrees of
ucertainty.  Develogrent work (categories 4-6) on the other hand
hes relatively lov leels of uncertainty associated with Tt

The degree of uncertaintly surrounding the eventual value of
R & Dwork nay therefore deperd on the type of R & D work being carriied
ait. This is a gererally recognised ad acoepted preraorerg, et ae
problem is that implicit in such recognition gopears to be the idea of
a lirear mocel, (see for eaple, Bomie™s idea of “progression”™ adowe).
WWe have allreedy cited evidence to suggest that sinplle, cotinuous
progression fram besic research through intermediate stages to produc-
tion is not typical of the R & D process, ad indeed this is recognised in
sare mockels of the R & D process developed m - recentt years. it
would help to clarify uderstanding as to the role of uncertainty in
the R & D process i this goparent inconsistency could be resolhved;
if the linear mocel s disoredited, then on what besis is it possible
to discriminate in tems of degree of uncertainty associated with a
particular type of R &D activity? In the linear mocel, the further
the gopropriate stace or activity is removed from actual Imovation,
the longer the time and the greater the nunber of intemediate steges
to developrent anpletion, and cosequently the greater the degree of
tedmical, market and gereral business uncertainty associated with the
activity. The abendoment of the linear model means that we have
establish an altermative besis for assessmant of the relatioship
between different kinds of R & D activity, since one area of concem
in Chepter 7 is the distribution of resources within the R & D budget.



TABLE 2.2:

Degree of Uncertainty Associated with Various Types of Imovation

1 true uncertainty fucbrental research
fudkmerttal invention

2 \ery high degree of uncertainty rr:g:gll prodiet :m/at:gg
outsice fim

i i major imovatias
3 high degree of uncertainty e mlpmiﬂt : L
o establishmant or system

4 moderate uncertainty new “gereratios” of established

- - licased imovation
5 little ucertainty limitation of prodct imovations
nodification of prodcts ad

earprl?/cﬁtim of estzblished
process

6 \ery little incertairty Dol ciFferentiation
agenoy for established
inmovation
Ia%ion of established
process imovation in oA
esteblishment
minor tedmical Inprovenents

QRE: Freemen (1970,p.226.



Therefore in the next sectionwe look at the relationship between
different kinds of R &D sb-systars; hovever, before we do s, the
cdharacteristics of respective R & D sub-systarms nmust be examined nore
clcesly, in partiaular the role of uncertainty in each sub-system.

With this latter doject in mind, it may be ussful  interpret both
Hachlup®™s and the N.S.F."s categories of R & D activity as being aoncer-
ned with the production of intermediate informational cutput (U-N.E.S.C.0.
1970, in Freeman 194U,p.370). \hile the input maybe drann from a
nurber of sources (see for eamle “tangible inut’ in Mechlup™s
table), the intended output of each category tends to be highly speci-
fic, ifve igore for the mment the scientific ad practical problers
ad idess output.  Thus, iIn Mechiup™s framenork, output is new
scientific knovledge and research papers in besic research, tedro-
logical recipes” in inentive work, and blugprints/specificatios in
developrent work.  Similarly the N.S_F. definitios describe reither
the inputs of the slb-system ror the activity itelf, but insteed the
interded output and the goal orientation of the ab—systen-21 In
Mechlup®s categorisation, categories 1 -3 inclusive are not firal
output as far as potential econamic revard to the aompary IS concermed,
though as willl be shoan, sare stages are closer o firal output then
others. 2 \thile the intended autput of sb-systens hes inplicatios
for both inputs ad types of activity, the latter are cosequences
of the intended autput, not definitive aspects of sb-systars.

Therefore, conogptially at lesst, sub-systams may be simply
distinguished from ae aother.  Honever referencss to the level or
order of uncertainty associated with R & D work tend either 1o enphesise
the high level of uncertainty typically associated with R & D work
in gereral24, or analy=e the level of uncertainty associated with the
inuts of a partiaular stage as far as their expectad contribution

final output is cocemed?5.  There is little evidenee of attanpts to
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Therefore iIn the next section we lodk at the relationship between
different kinds of R & D sb-systars; however, before we do 0, the
daracteristics of respective R & D sub-systams must be examined more
cleszly, in partiaular the role of uncertainty in each sub-system.

With this latter dbject in mind, it may be useful © interpret both
Machlup®s ad the N.S.F,’s categories of R & D activity as being concer-
ned with the production of intermediate irformational output (U.N.E.S_.C.O.
1970, in Frearen 1974,p.370). \hile the Input maybe drann froma
rnurber of saurces (see for eamle "tagible iU’ in Mechlup®s
table), the intended output of each category tends 1o be highly speci-
fic, iIfwe igore for the moment the scientific ad practical problams
ad jdoep autput.  Thus, in Mechlup®s frarenork, output is new
scietific knovledge and research papers in besic rescarch, "'tedro-
logical recipes” in inventive work, and blueprints/specifications in
deelogrent wvork.  Similarly the N.S_F. definitions describe reither
the inputs of the sub-system nor the activity itelf, but insteed the
interded output and the goal orientation of the ab—systen-ZL In
Mechlup®s categorisation, categories 1-3  inclusive are not firal
output as far as potential econamic revard to the cotpany is conoarmed,
though as willl be shoan, sare stages are closer to fimal output then
others. 2 \hille the intended output of sub-systens hes inplications
for both inputs and types of activity, the latter are conseouences
of the intended output, not definitive agpects of s;b—gzsterrs.z3

Therefore, conceptually at lesst, sb-systems may be sinply
distinguished from ore another.  Honever references to the leel or
order of uncertainty associated with R & D work tend either to empresise
the high level of uncertainty typically associated with R & D work
in gereral24, or analyse the level of uncertainty associated with the
inuts of a particullar stage as far as their eqpected contribution to
firal output is concemed?5.  There is little evidence of attenpts ©



amaly=e systeratically the level of uncertainty between inouts of a
particular sub-system and the anticipated intermediate output of the
sub-system.  Such amalysis, together with specification of the relation-
ship between a particular sub-system ad firal output, is essential

if the R & D proocsss is 1o be adequately examined.

In fact, the studies that have been carried aut at sub-system leel
ted o report upredictability and uncertainty within sub-systen
boundaries, partiaularly in the case of "besic researdi” ad "invetive
work® sub-systems (Vechlup™s interpretation is inplicit in nost of the
studies in this area).  Price (194,p-19 ad 201), Taton (1957,pl63),
Kizrets (1922,p.20-21) amesise the pervasive uncertainty associated
wirth basic research 26, ad resecarders identifying similar properties
of inventive work incluce Grilides (1982,p.32), Kuzets (1962,p-

21 -2), Cold (U971, p.224), Schon (1957,Ch. 1 & 2), Price ad Bass
(1989,p - 8D).

Some studies suggest that these slb-systens are aomparable in this
regoect. Jenkes et al (199) point out the role of dance in the
realns of discovery and invertion (p.101-2), while Siege«1962,p.443)
notes the unpredictability of both scientific discovery and tedrolo-
gical inention.  Price (19%) supests that attenpts by society ad
industry to inprove direction and control on both the search for
scientific knovedge ad techrological develgments are alnmost cer-
tainly doored to failure in the former case, ad possibly also in the
latter (p-559).

Davelgoment work is gererally regarded to be less uncertain then
the other two categoriies of R & D activity, though the activity itelf
may vary wicely in the derands it mekes on ressarders .- Carter
and Willians (1990,p.48), Sdnrokler (1962(a),p-45), Jenkes et al (1990,
p-28) and Fearen (1974, p-229) testify to tre relatively lew degree of
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of uncertaiinty associated with develgarent compared to the other slb-
sstEes. Hovever, uncertainty is still a feature of developrent, even
if the degree of uncertainty is lov compared to the besic research
ad inverttive work sub-systens.

The uncertainty of "besic researdi” ad "invetive work' in
Mechlup®s framenork might allso be expected on a priori grouds.
Basic research s concermed wirth the search for new scientific
knomledge, and consequently the eventual autput nust by definition be
at lesst partially uknown to the decision meker when resources ad
inputs are allocated to a particular project, otherwise the allocation
of resources to such activity would be redundant and vesteful* I the
output is uncertain, so alsowill be the antticipated value fram
allocation of resouross to a project. In a similar mamner inventive
work is concermed with "tte creation of novel products and processes,
the level of uncertainty of eachbeing related to the extent to which
the inverttion sought is radical ad different from those preceding ,
As with basic research, the eventual autput is to a greater or lesser
extet unknon and consequently uncertain. I such uncertainty could
be interpreted as measurable  uncertainty or risk, there would still be
opportunity for the goplication of gentitative gotimising mocels
for R & D allocations; utforturately as far as the use of such tech-
nigues iIs aoncermed, use of risk presunes that all evertts in the cllass
of evets towhich it refers are homogeneous as far as the elenents of
the evats deamed relevatt o the aalysis is cocermed.  Yet if
disocoveries and inverttions are analysed in this mamer by identifying
a "unit of discovery” or “'standard inentio” the essential quality of
discovery and invention is effectively negated, since they are defined
in tems of differences firom preceding science and tedolagy respec-
tively, rot simlarities Oe. 1**»» (97%,p.25) . TIF«Mrt tc
which a discovery or inverttion may be regarded as being radically different



fram those preceding depends on cirautstances, yet since they are
defined as non-homogeneous and unique events (at lesst as far as
individual or institutional decision meking is concermed), the inpli-
catians for the basic research and inventiive work sub-systars is that
tre uncertainty must be regarded as an inmtegral feature of those
activities.

Developrent work allso may be regarded as being concemed to sore
extent at lesst with novel problars in eech project. Ares (1961,p-373)
ad Mechlup™s table (@onwe) both suggest that practical problens or
'bus' may arise atthis stage, indicating that uncertainty may still
be present.  Honever ,develgarent work, whille it may be highly uncer—
tain if new design and testing tednigues are required, frequently
folloss well tried and familiar ground rules for the design ad develop-
ment of Imovations, and consequently it may involve loner degrees
of uncertainty then the other stb-systers.  Similarly with "newv-type
plait construction™, an element of nowelty ad uncertainty is still pres-
ait in the system.

Consequently each sUb-system may be regarded as imately uncer-
tain, the degree of uncertainty of each sub-systam being related to the
noweltyof the task required. Honever, there are o other aspects of
R & D activity which are of importance in considering the reliability
ad predictability of eventual econamic value of inputs in a particullar
sb-systan; (1) the means by which a particular sub-system is coupled
1o final output by other sub-systens; ad (i) uncertainty pertaining
1o linkages and relationships betveen sbsystars.  To start with, these
prablers will be related specifically to Machlup™s aalysis.

Hierarchical Arrangement of Sb-Systens
The First problem area is of relevance in establishing the inputs

into a sub-system and anticipated economic reward to those inputs.
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Mechlup®s table usefully provides indicators of possible relatioships.
Firstly, gpart fran nonR & D imput, table 2.1 mekes clear that the major
input iInto "new type plant costruction” (the sUb-system concermed

with setting up production fecilities for imovations) is the output
firon development;  if for the moment we  ignore “'scientific problems

and hundhes™” and “practical problers and idees” as input and output,

then there is clearly a strog and direct link ruming iron develop-
ment to new plant costnuction.  This folloas fran develgament™s role

in bringing invertions fran a raw ad schematic state to the point when
they are ready to be put into production.

Links between the other two sub-systens, besic research ad invent-
e work, and the other R & D subsystens are nore aoplex.  Quitput
from both systens may serne as iut to develgprent, yet there are sig-
nificant differences between the wo.  While inverttive work receives
informational output from the scientific stb-systam, the scientific
sub-system would appear to act almostas a closed gstem,zg scietific
knonledge building on pest scientific kovedge.  Price (195)
relates this to the social, aultural and econamic separation of the
two sub-systars, referred to earlier;

" in nomal growth science begets more science ad  tedrology
begets nore tedrology.” (p.129-3).

This suggests that tedrology hes minimal  input from science uder
normal conditions, a point discussed kelov. Hoever, with respect to
the relationship of these sb-systars to deelgnent, the abowe has
inportant  inplications in the comtexts of Mechlup™s systam;  inventive
work, in its output ad input erbadies all the input categoriies associ-
ated with inventive work, while besic ressarch activity is concermed
only with a restricted category of developrent input. Vhille inventive
work maey carry forvard into developrent the scientific koMedge
inputs required for develogoment work, besic research hes more teruous
links with develgment, typically requiring inventive activity before



it senes as useful inut:

"Science enters innovation alreedy enbodied in tedrological fom.
It may be relatively rare for a piece of auriosity-oriented research to
gererate a piece of new tedrology, but once this process hes oocourred
the tedrology can be used over and over again and develgoed into more
advenced tedhology.  There seens to be much justification for the
view df Price that tedrology builds largely on earlier techrology''.
(agrish et al 1072,p.H)).

The erbodiment of scietific rescarch in inventive work, and the role
of develogprent work in converting inentios into detailed construc-
tion ad desiign plas suggests the idea of progression from higher
stages o loner stages in Mechip™s teble.  Yet "problem, hunches ad
idess feedbadk suggests that informational flew, and by inplication
allocation of resources to the new prabllars or goportunities for a par-
tiaular project, may involve erratic, discotinuous progression,
Jumping fram a particular stage t a higher or lorer oe, or o a
different activity in the sare stace.

In fact, it is useful o regard each sub-system not as links ina
linear dain, but as forming leels in a hierarcy of R & D sub-
sstas. The higher its level in the Mechlp systam, the more renote
the informational content is firom firal cutput.  Thus, the intemediate
autput of basic research gererally requires erbodiment in a new tech-
rolagical conoept, and design ad development work before the stege
of tooling up for production can be reached. Honever, while loner
stages in gereral are necessary intemediary stages between higher
stages ad final autput, redirection of an R & D project or idea to a
higher stece is always possible (een at stage 00 ) depernding on
uexpected difficulties, new goportunities or revised priorities.

Whille the idea of hierardy of these sb-systens nust of necessity
be a rather erode approxination to reality given the rather messy and
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aoplex nature ad relationships of these sub-systens anphesised
earlier, it may be interpreted as an inprovament on the traditional
oonogpt of a uni-directional linear model.  This conogpt of a
hierarchical ordering of the R &D sib-systens will form a central part
of argument in subsequent chepters.

Linkages Between R & D Sub-Systems, and Project Uncertainty

The second problem area relevant to consideration of uncertainty
surrounding econamic potential of Inputs Into particular sb-systers
is that relating to the linkages between respective sb-systens.
Earlier, consideration wes given to relationships between inputs of
a sub-system and autputs of the sub-systam; 1N a sense the prabllem
here is the reverse, since we are concemed with how the autput of ae
system relates to the input of the loner sbsysten.  Ben if each
sub-system coulld be regarded as determinate with respect to produc-
tion of its o particular intermediate output, once  input of a
higher system is related to anticipated effect on autput of a loner
systam, goportunity for mis-direction of effort or uncertainty of
input value may arise due to mis+Hmatching or poor integration of
sub-system linkeges.

Of particular interest are the linkage daracteristics between
inertive activity ad the adjacent sbb-systers.  As far as Price
(9/) s concerred, science and tedrology are o loosely comectd
win'* systars;

"Only rerely, but then dramatically and meking a historical
nountaiin pesk, do the wins show a strong interactian’”, (p.l&)).?)

In gereral, links between science and techrology are regarded as
indirect, unreliable and usually highly lagoed with techology building
on "old" science rather than actively interacting with current scient-

ific activity. Schmookler (1922 (0),p.224-5) fourd little evidenoe



of active links between scientific ad tedological sub-systens in

a study of selected Inportant inventians, while Lagrish et al (1972,
pp-30-42), Jenkes et al (190,p.21. 19-28), Ben David (1972,p.184 -85)
similarly identify the absence of strog, direct lirks between science
ad techrology.  To a large extent, this is regarded as a conse-

quence of the sgparate scientific and tedrolagical “aultures® mentioned
earlier.

Honever links between inventive autput and devellgment: input is
also significantly unrelieble. Nelson et al (19%7,p.%6) state that
studies of patentt utilization in the U.S. suggest goproximately 506
of patents are evetually used.  They state that since the bulk of
R & D experditures of a project are concentrated on the design ad
deelgent stage, many are abandoned before conru-trent to develop-
ment is undertaken.  This would suggest a bias in the develgoment
projects undertaken tonards the less uncertain, and consequently conr
centration of amallysis on onlly patents and nonpatented Inventios
carried to the point of developrent woulld terd to dosaure a signifi-
cat level of tedmnical and market uncertainty remaining after the
petenting stage hes been reached.

Althouch studies of R & D activity tend 1o report  heavy concentra-
tion on develgoment expenditure relative to rescarch |, these uter-
state the comitment of resources reguired at the developrent stage.
Meny projects fail 1o be goproved for full scale develgarent because
of remaining uncertainty, and the anticipated resouroes and time
required 1o get the project on tre narket.  Consequently retrospec-
tive evaluatios of develgoment aosts as a proportion of total R &D
aosts of individual completed projects would indicate even more
strogly the relative expense of develgogmant conpared 1o research.
Bxqpensive and time consuming developrent gperatios such as design,
aonstruction and evaluation of prototypes ad pillot plants add t©
develop»* cost of j,jovatios 32, »gnifyins the exenditure incurred
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in developing the typically relatively inepearsive research projects.
Not surprisingly, the route fran goplied research o develgment
is seldom an automatic oe, revision ad elimiration of projects
being cannon between stages.

Therefore (there exists  inperfection ad uncertainty in the autput-
inut linkages between slb-systams as well as in the input-output
daracteristics of sib-systers thersehes.  The inplicatios for a
projectoperating at a particular stage or level in the R &D systam
hierardy are that not only-does the reliability or otherwise of
sub-systen input relative to final output depend on sub-system gperat-
ios themsehves, it is also contingant on the degree of determinancy
of links betveen slb-systens.  Uncertainty relating to perceived
econamic value of inputs at a particular stage willl be a consequence
not only of uncertainty in input-output relatios of that and lover >
stages, but willl also be megnified by uncertainty pertaining to
infomational output exdnanges between Sb-systans.

At this point, sare gereral poirnts can now be suimarisad regarding
R & D sub-system qperations.

@ R &D sub-systars may be regarded as forming a hierarchy in
the R & D systam, stages in the hierarchy being detexmined by
distance from firal autput.  Mechlup®s framenork may be inter—
preted as outlining such a hierardy, fran basic research-
inventive work - develogrent - new plant construction ad to
final autput.

® Inputs and geerations of a particular sub-system have
associated uncertainty with respect o intemediate output
of that systam, while uncertainty is also a gereral daracter-
istic of sub-system lirkages.  Uncertainty pertaining t sub-
system input depends on degree of novelty of anticipated
intermediate output.

© Inut into a sub-systemat a particular leel in the hierardy
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gererally has o be processed through the sub-system ad
lorer sub-systers before it contributes to firal output.

© Consequently the higher the level of R & D sub-system gperation,
the greater the degree of uncertainty typically surrounding
Sub-system input, with respect to anticipated contribution
firal autput.  Anticipated economic  value of sub-system
input is affected not onlly by inherent uncertainty of the
sub-system itself, but by uncertainty surrounding gperations
of loner sb-systars and sub-system linkeges.

Figure 2.1
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Flov of Inputs PAtneen R & D Sb-Systams (Based on Mechlup (Teble2 1) )
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Frearen™s analysis of degree of uncertainty typically associated with
different types of imovation (teble 2.2) is interpretable in such
tems. For examle fudarental research  has conpllex and indirect
links with imovation since inuts into that system gererally require
processing by each of the four sub-systans iIn tble 2.1, whether iIn
their original or in sore nutated form.  Also linkages between
fudamental research inputs and other sUb-systems have allreedy been
poirnted out to be loose ad tenuous and consequently fucenental
research is a highly uncertain udertaking for the fim.

On the other hand, dotaining an inovation from a patented idea
inolves aomparatively little uncertainty, inputs into the develgp-
ment stage being fairly close to final output 1f no prablens or
hitches arise.  Consequentlly the conoept of hierarchical arrangament
and relationship of sb-systems fecilitates analysis of the darac-
teristics of inuts ad gperations for particular sb-systens, ad
pemits investigation of the degree of uncertainty associated with a
particular project by interpreting the R & D system as being aamposed
of a series of interrelated but poorly integrated sb-systars.

Therefore It gopears gopropriate to inpose a hierarchical  interpret-
ation on Mechlup™s analysis. Hovever in later dgpters we willl be
utilising the N.S.F. definitions in emirical aalysis.  In the next
section we willl eamine whether or not the N.S.F categories can be
interpreted in a similar marer.

Research. Applied Research and Develoarent,

There is greater difficulty in goplying the hierarchical structure
to the N.S.F. sub-system definitions, since although sare distinction
is made between sub-systere on the grounds of qualitative differences
in ines! inteedicte autput,* > ***** fr
of the goals of sufi—syste»; scientific KnooleGge for its ™n sake is
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the inplied dojective of besic research, while goplied research is
oriented tonards specific aomercial dhjectives.

Nevertheless, basic research is not difficult to position ina
system hierardy since it is interpretable as a sub-set of the broeder
definition of besic research provided by Mechlup (Unesco 1970, in
Freamen 1974,p.38).  In the cotext of its goal orientation it is
liable t be even nore uncertain with respect to firal output then the
syplementary besic research defined in Mechlyp®s framenork. Consequetly,
wirth respect to firal autput it may be regarded as a highly renote
ad uncertain activity, separated fram the Imovation stage by the
residal R &D sb-systams.

Honever the broeder definition of development conpared to Mechliup®™s
interpretation coplicates the single hierarchical structure identi-
fied earlier. 1f basic rescarch in the N.S.F. interpretation accidat-
aliy produces a discovery with dovious camercial goplications ad
requiring no further scientific inestigation, invertive activity
defirgble as developmentt work in the N.S.F. categorisation may then
precede, skipping the goplied research categpory.

In fact, this rarely, if eer, ocoours in practice.  Reference wes
nece earlier to the generally dosened tendency for the inpect of new
scientific knovledge to be highly legged.  Gererally, extesive
scietific ad techrolagical ressarch ramains 1o be done on "pure”
research findings before the stage is reached of actually directing
work to specific preduct/process develgorent.  Orientation of besic
research autput into applied scientific and tedrolagical “darels”
is usually necessary.

A frequently cited earple of "pure'” besic research leedire
eventually to ccarercially vigble imovationthrougb gpplied research
is that of the development of nylon.3 In 1927" E>1* 9m Pont ~

Nermours i Corpany decided to fund a program* of fundamental research
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led by W.H.Carothers, on a yearly budget of $50,000.  The goal of this
programe wes to "'discover scientific knovledge regardless of inmediate
comercial valle” (Varsfield, 1968 @),p.*<9). The results of the
programe were onlly of acadamic value for the first three years,

until a superpolymer ves discovered with a high degree of flexibility
ad strength, though since they were weakened by hot water, they were
of no direct use comercially.

Honever this discovery sernved as a stinulus in directing the
programme tonards synthesising related campounds in the hope of disocow-
ering a comercially viable fibre.  This point might therefore be
selected as the begiming of "gpplied research’” according to the N.S.F.
interpretation.  Yet it took sare tine before a comercially pranis-
ing syperpolymer, 5" polymer, wes discovered. Carothers at ae
point had in fact abandoned his search for a comercially useful con-
pound and onlly returmed to the project after encouragement by a new
director of Du Poit"s Chemical Department. It took eight years fram
the disoovery of the syperpolymer which pratpted the goplied research
phese of the project, to the point where 66" polyner (nylan) vwes
first camercially produced. Substantial goplied research hed
been required before the  initial discovery of a superpolymer with
possible comercial properties.

Mec Laurin (1963,p-9) points out that pure science rarely leads
directly to a pateritzble invention while Nelson (199 @) In an aalysis
of the econamics of besic research, suggests that this progression of
besic (fudkrental) research through goplied research and then develop-
ment tends to be the rale in industrial R &D;

“significant advanoces in scientific knovedoe are often not
directly and immediately aplicable to the solutions of practical
problems and hence do not quidkly result in patents.  Often the
knovledge s of greatest valle as a key iUt of other research projects



which in tum, may yield results of practicable and paterntable vallg'”
(a3 02) W74

Project Hindsight, which wes a study designed to identify the
"evats” leading to the devellgoment of new post-war wegpons systens In
the U.S., faud little relation between undirected science (besic
ressardh) and the development of tedvological inovatios.  Only
0.36 of "avents" @ were identified as udirected science. It ves
concluded on the evidence of the study;

"'the process by whiich science noves into techrology and utilization
--..is clearly not the sinple direct sequence taught by the folklore of
science” (Gherwin et al 1967(. 1576).

Rirther, Serwin et al foud that gererally many significat tedno-
logical imovatios were required to develop a viable new systam,
suggesting the importance of goplied research in this sere. Links
between besic research ad develgmatt, where they existed, were

likely therefore to be buffered by an intermediate stage of goplied
researdh. @

Consequently there gopears to be identifiable hierarchical
armrangaments and rellationships between the R & D slbsystens in the
N.S.F. systemas well as in Machlup™s system. It is gopropriate
here to enphesise again that conoegptual distinction between sb -
systars must necessarily be coarse and goproximate, much R & D
activity being difficult to allocate to one or other of the categories.

Sumery
Research and develgoment hes been interpreted here as a aonpllex
of interrelated sib-systers arranged hierarchically, each inherently
uncertain, but with uncertainty being compounded as projects concentr—
ate further up the develgoment - goplied research - besic research
hierarchy, die to intermal sub-system uncertainty and uncertainty in
links between sbsysters. At project level it is typically



difficult to meke sound predictions of time ad costof the imo-
vation stege, or to foresee what precise form the new develgoent

will @e. The traditional lirear, ratioal mocel of imovation

does not constitute a realistic or useful interpretation of what
appears 1o be a non-linear, nonatiomal process;  honever,as yet,
knovledge of the causes and consequences of tedrolagical dage are
still at an eleretary level ad adequate nocels to replace the ratioal
model “borroned” firom other aress of study have not yet been developed
(see Gold, 1971,Crepter 10).

In the next dgpter, attertion is concentrated on specific
aporoaches to the R & D probllem, and theilr assuptions ad methad
related to what hes been develgped in this dapter with respect
R & D projects in the fim.
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1.. This definition does not include quality control, routire product
testing, market rescarch, sales prawtion, sales service, ressarch
in the social scienoes or psydolagy, ad other non-tedrolagical
activities or tednical services.

2. Sz, for eamle, Bamard (1948), Baumol (1959), Berle and Mears
(932, Oyert ad March (1953) ch.2, Gordon (16D, Papardrecu (19B2)
ad Williamson (1964).

3. A striking eamle of corporate sygport of what is usually referred
10 as pure besic research is the X Pont programe of research begun
in 1928 which everttually led to the invertion of nylon by W.H.Carothers.
The research team were given discretion over the aress iIn which they
wished to Inestigate (Jeakes et al 1930,p.276) and as Jenkes et al
point out (p-119), when Du Pontt set up the research team there was no
mears of knowing what the result of the research woulld be, when by
ay rational analysis no comercial gplicatios vwere foresesble.
Other notable comrercially successful invertios which were direct,
though unantiicipated consequences of fundanental research by corpor-
atios include polyethylere, discovered by an- 1.C.1. team through
research into possible physical and demical properties of matter
(Jankes et al p.2P-30), ad the trasistor, inveatted in the Bell
Laboratories as a result of fudarental research into the electrical
properties of sami-conductors (Jenkes et al p.317-18).

Separation of besic research by dojectives is mede even nore aomplex
when the tendency of large axpaaucrstouseresea@czpablllty
and performance In marketing their "inegE” Is aonsicered.

motivation behind research allocations In such a comtext mlght be
statis, prestige, attraction of investment through a dyramic  imece,
etc.

4. Nelson (199 (@).p-36 @ ) points aut this differat orientation,
ad 1ts inplications for econamic value to the infomation prodmrg

unit,works back through the price systam to create the differing
salary scales for scietist ad tedrologists.

5. In addition to Machluyp®s framework outlined aove, see also Ares (161D
Kumets (1962) ,Sdmookler (1966 & 1922 @) ).

6. Sdm interprets imovation as comercial appiicationofinvention.
Hovever since he identifies parallel ratioal

imovation, here we continue to use the broader p
inmovation used in the previous section.

7. Lirnear models typically predict that ~re will tea steadprogressi

throuch besic research, applled research, dee P! elimirating
»ith re backtrack”® )

«rUer stages such as tesmramardn Te J is

fit neatly Into a raticral model, |f |t|s - NMuld”™ redundant

N
g%it e amm oniy beoams iegitinate ’\aggrllgll
behaviour when the ratiomal model in utereble, In particullar wen
uncertainty is pervesive.
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Lagrish et al specifically identify Bladett (1958) ad Hollaren
(19%) as proponents of linear mocels of inovation.  See also
Mec Laurin (1963) for develgoment of a linear mocel.

"Non mission-orieted research (WR) is research carried on for the
purpose of ac%rlng new knoMedge, acoording to the

structure of subject or the Interests of the sciattist,
wirthout concem for a mission or goplication, even though the pro-
Ject inwhich such research is done may be fudaed with possible
glications Inmind’.  Glaooe et al p.9.

"Significant event is an oocurrence judged to encapsulate an

inportant activity in the history of an Imovation or its further

mpmments S reported in policatios, presertatios, or
Glace et al p. 9.

. Further specific criticism of the conogpt of a linear model of
imovation is provided by Bryan (1973, p.31=3), Douds(1971,p.74),
Price and Bass (1930,pp-832-3 ad 85), Marguis ad Alllen (195,
pp-1063-54), ad Encel (19/0).

Siecel (1922, p.447-48)also empresises that tedrology can aosid-

erably affect the coduct of science in certain ciraustances (e0-

in contrivance of various types of instrurentation).  Bogaty

(199) points out the difficulties of advocating or geerating the
ad direction of research,and Frearen, (1974jp.40),

Aram (1973),and Nelson (1972) cast doubt on the possmlllty of
ever achieving rational, ordered ad directed cottrol over the
inmovation process. Aranswe/\pomt is the most extrere, ad
toudhes on agpects of imovation to be dealt with in the rext

section:

"To a large extent ... manegement ad inovation are aotradictory
tems. S0 does ... the conogpt of organising for Imovation
contain a cottradiction:  orgenisation strives to be a plared,
oontrolled, predictable system of activities, while imovation is
uplared, uoontrolled and upredictzble’”, p.24.

- Adjusted for subsequent variation in the priice index ad in the
output required of the new develgament.

. A recat eamle of disastrously miscalaulated develgarent cost ad

time is that of the Concorce. Govermentt estimates in 19322 vere

that it woulld cost £150 - 170 million ad enter service in 19%67.

By 1973 the Camittee of Public Accounts revised estinate wes

tl‘.]gzi m}(l):Pion (unedjusted foaénﬂa;le% but Ohglso provisional g’d
isble revision upnards to i i i

while in 1975 the Concorce still hed mtrgemmoonm”pmfg?ﬁmos-

AWilson (973),pp-72-3, ad 148-9).

. For further evidence see also Peck ad Sderer (1962), Marsfield et
Al Q97D (h.5 "Ovenrus ad Brrors in Estimating Developrant

Cost ad Ting" pp-86-10, Norris (197)).

The ladoratory wes Bell Telephore laboratories. Nelson s aalysis
being primarily concermed with its invertion

transistor (1948) ad tre juction trasistor

Notel pl"IZBV\ES a/\rarded (I&'Z) 1o three marbers of the develgment

teem (Nelson d*3B)<
. Chepter V, "Models for Gage’’, p.112-38
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Also see Klein and Meckling (1983) and Klein (1963).

. Hirsdmen (19%3) ad Lindblan (199) are used as exaples of
convergat thinking in econamic develogpment and public policy
respectively.

. e willl subseuently suggest that this is oo rarron an interpret-
ation of uncertainty for use in aalysis of R &D.

. In addition, see also for reference to the significance of uncer—
tainty for imovative activity, Sadwodkler (1922 (@),p-47),
Saders (1962,pp-59-60), Klein (1963,pp.478-84), Sdon (19%67,

pp-21 24-22), (19%,p.72-5), Jenkes (199,p.1B),

Staff Report (1.R.1.) (1922), S]'aks (1930, m-64-7), Hirschmen

(%57, pp-75-81), Carter ad Willians (1958,dh.3).

For eamples of mocels incorporating potential redirection of
R&Dorlmtatlﬁgt?e/feecbaml I (frun(!gglrla,elschzligjmrm
uncertainty 1o higher leels (eg opment o gopli

and goplied research to besic ressarch) see Jantsch (199),
Marquis and Allen (1956) ad Gibson (1992).

. Mechluyp®s table in fact onlly describes each stage acoording o its
“intended ouput® (s=e Table 2.1).

. Unless patented or patertzble inentios are narketed to lioansess.

For exaple scientific knoMledge is the/intededoutputof besic
rescarch in Machlup®s framenork, yet scientists and scientific
knovledoe are utilised in besic research, inentive ad develop-
ment work.

See earlier referencss.

See iceman, Bowie aowe, Cold (1971 p.224), Lagrishet al (1972,
p.41), Nelson et al (1967>PP.85-6), Norris and Vaizey (1973,p.66),
Carter and Williars (1957,p.22).

In the context of the high uncertainty associated with the evertual?

comercial gplicability of this s.b—%/sten it is possible 0 igo
the fact that a great deal of scientific endeavour can becaore fairly
reSt£ aS pridiSle. Kim (90) sugests that in sciattific

SSsMNShstriking feature of the nomal rescarch problens

-.isleiuI%almm j'

mes, as In awave-length measure”, eery
thing but the nost esoteric detail of the result i- e, jat
advace, ad the typical latitude of expectation isonly sma/\m
wider p.3%.

Normal science is ressarch based o,
develop, a gererally acospted ~Nadrg»
horvever, whille there wouldaprear» be Ff~Sereilylgreed that

N

“ fFpSSINFSr~the” st ucertain ad urelicble o
predict (s for eaple KUmM,(h.9 p.2 110)
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Jenkes et al ([-28-29, ad 153) mentions tre variety ad diffiaulty
of definition of developrent;  the development of a revolutionary
idea such as the jet or Wakel rotary engines, ance the principle
hes been establi , My require major comirtments of resources

ad tire, and by |an ication there may be significant uncertainty

as towhat will be required to put the radical new idea iInto
aomercial ceeration.  On the other hand, develogment may mean

no nore than routine and systamatic modification Into a new form

or style of a new product or process only margirally different
from other existing products or prooesses.

It hes been suggested that all mgjor investments  involve uncert-
ainty to greater or lesser degrees ad that R & D is only a form of
investnent albeit with a higher level of risk and uncertainty.

(=== for example Machlwp (%7 @), p-188-2), Scumpeter (194,
pp-88-90), Ansoff (1969,p030-2), Tilles (196, p-190 ad 19).
Honever while replicability of investment in gereral poses no theo-
retical problen, repl |cab|I|ty of di ad invertion as dis-
oowery and invention woulld be redundant unlless the decisioHmaker
wes not in possession of the original specifications of the disoovery
or inettion.  Consequently, there is an uawidsble qualitative
difference between consideration of R & D Inputs as investmant

ad standard, potentially  replicable , investment.

Links ruming _fram tedrolagy to science have been identified,
particularly in the area of Instrurantation (see for eemole’\
Samookler 1962(b),p-197m).  Hoever, Mechlupo™s interpretation
oould be defended on the grouds that vhile wslrurenlatlm may
affect the precision with which irformation is foud ad the acosss-
ibility of new facts, they do not qualitatively affect the comtent
of the discovery or information itself, but rather the mamer iIn
which the activity is coducted; it is resource rather then iIn-
teratical inut.

See also Price (19%) p.5A.

In 190, industrial fims in the U.S. allocated $598 million t©
besic reseach, $3281 million to goplied research and $13,978 million

o develogment ioal Science Foundation 46 p,&)*
These amount to EA&d?@A)rnﬂJectl\/elyofR&Dﬁms
(calwlatedtoﬁ\enearestpement)

Jenkes, et al ,analyse the gronth of develgarent oosts using a defi-
nition of develgment similar to that of the N.S.F. (s p-156).
They suggest that development costs have escalated 1 *oou rse
the twentieth certury as apcumulationo e
widened developrent potential, and incressing shistzicat:ion on ﬁe
g‘;tofﬂecmanermsofmltybeen Peraneled by ex
ive testing ad preparation, lity ™ reliability new being
nore Imediate requirenents to earlier periods of impere
feetnaﬂets and udemending consumers, (.- Ido-ou; .

Earlier given as a synonym for "esic rescardi’ (p.2), interpreted
in Mechlup™s tems.

Seecifically, “'scientific knavledge, , (basicresearch and goplied
research) and products or processes(development) .
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dH. N.S.F. definrtios do not identify tedrology as a

3.

separate
oonogpt, but inplicitly incluce it as a sub-division of scientafic
knovlecte.

For case histories of the develgament of nylon on which the disouss-
ion aowe is basad see Masfield (198 (@),p-48-50) ad Jenkes
et al (194,pp-275-77).

Jeer (1%6,?:792) %%ts; n

V..t s likely most new gperational features have coocurred
in clusters, rather than sirgly:  the develgament of baill-point
pars, for instance, introduced @@t lesst) the goerations of prod-
ucing carbon apies of hand~writing and *instantly diying”

k"

A cluster effect in the gplied research slb-systemwould enpha-
sie thatsystem™s irrportgrqge in transferring besic research to
develgent, and further sygport the hierarchical interpretation.
Scherer (1970,p.3561) in fact coments on Jenkes et al™s series
of case studies in this respect.

"The authors use a loose ad soretines aurious definition of Inen-
tion; many of the casesstudied are best described as systars or aot-
glareratios of inetias'”.

Bamles which may be cited include the heliogpter™ (p.257-60),
television (p-307-10) ad digital corputers.  \Whille many sub-
sequent in each grouyp might be classified uder develop-
ment, a nurber of Inmovations wirthin each group required substantial
goplied research (e.g- the autogyro, ocolour television and use of
integrated cirauits respectinvely).

Jerer”s idea of clustering in terms of furctional differentiation
of new features with respect to a comon souree is therefore
paralleled by frequently dbserved clustering of inventios within
a given fuctioal class. Jenkes et al (p.17) do in fact
i ify the view that a scientific discovery my reveal a rage
NdSSties, while qalifying it with « - <=-«*
that there »ay be substantial delay between discovery apll
catios, ad that gplicatios are often not dwviass. The
tering of inetios sugests that rather then basici XTSthSth
indeperdentt of gpplied, goplied rescarch may be
reference to reoat basic research.

Defired as "key contributios’” (Serwin et al 1967)

this finding anits corsiceration of te pool g a s s
onwhich sCientists and tedrolagists may draw, also, siree ony

post-war besic rescarcheets* * S 1 ALS~uS”~quent
light of the typically log ag e T e study may not be

i - f I»

me.

«ite S™* “ Uvation.



Gold (1971,p.272 n ) cites the "ciraularity,inoconsistency and var-
iability’ of reasons given for conducting research, foud in
studies of the R & D fuction. Further, since the ratiomal model
of imovation is ly a result ofex post rationalisation (Sdmn
1967,p-37) we mi reasoeble exqeect a parallel eaite rationa-
lisation of intent in tems of high-sounding notives such as
“'scientific knovledoge for its an sake' as Tar as sare marginal res-
earch activity is ooncemed. Machlup™s amalysis of qalitative
differenaaﬁ_bemem I of intenced intemedigtewq%:tqe is Iegsf
Qpen to arbiguous iscretionary interpretation on pert
respondents, though difficulties of definition and measurement still
remain.
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CHAPTRR 3
Mocels of Teclirolagical Change in the Fimn

The goproadhes discussed below illustrate in different ways sae
of the problams inolved in formulating rational models of tedyological
imnloation.  In Chapter 2 some behaviaural daracteristics of imovation
vere discussed and the inportance of uncertainty enphesised;  here the
relevance of the different goproades is assessed in the light of the
aonclusions and specullations of that depter.

The difficulties of gpplying rational project based goproedhes are
indicated in the sectios below dealingvith the neoclassical theory of
the firm ad decision meking uder ucertainty.  The goproades have
a further link in that they have been typically aoplied to routine problers
of resource allocation in which replicability of events is a prime
assunption (thouch as we shall see, Bayesian analysis is an exogption
in this respect). Honever in both cases It hes been suggested that they
can be gpplied successfully to analysis of allocations for R &D. Sine
research and develogrent is an activity which typically is not descreteble
in tems of the assunptios of these gooroaches, 1t will be suggested their
goplication in this area is gererally ingoropriate.

The other two goproaches disoussed, the behaviaural theory of the
fim Qert and March, 1963) and the theory of the growth of the fim
(Penrose, 1999) are introduced for slightly different reesos. As with
the other o framenorks, difficulties of gplication to R S D prablers
are identified but also attention is directed to conogpts and interpretations
which will prove of relevance in gpter 9 (in which corporate behaviaur is
analysedmore fully) and in Chapter 5 (inwhich a model of corporate
resource allocation is develgoed).

In the letter part of the depter gereral system theory is mede use
of, and the behavioural theory of the fir» and theory of the gr»th of
the fim re-examined 1o see o »hat extant they might he integrated ina
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gereral systens fraeork.  As well as indicating aress of potential
aoncem and goplication in the particullar cese of behaviaural theory, this
snes the purpose of indicating in what respect the theories nay be
deficient in their original fomulation.  Ghgpter 4 huilds on this
frarenork by anallysing the modem corporation in terms of gereral system
conoepts and how R & D fits into corporate decision neking.

Each of the goproadhes willl be eanined in tum, particular attertion
being paid to the rature ad inplicatios of asaunptios inech.  The
first o be disoussad is the necclassical theory of the fim.

The Neoclassical Theory of the Fim

Attenpts o analyse imovative activity in the fimwithin this
framenork hes gererally concentrated on the direction rather then the
inersity of rescarch ad deelggent. For eample, an extersive
literature hes developed on the amallysis of possible determinents of
fector saving imovatiaos; Kemedy (1999 usss the conogpt of an
inmovation possibility frontier (inwhich research productivity is a
direct function of research inputs) to amalyse capital and labour
saving invertions, whille meny other studies from Hids (1922) to more
recent timesl have also been concermed with this problen.  Hoever,
such amalysis is restricted to the search for process inmovatios,
ad is therefore concermed wirth a restriicted class of imovatory
activity,since R & D activity is highly orientated tonards the search
for rew predicts. Nelsnet al (1967, - 49-50) report a suney
conducted in USS.  industry which fourd that about half of industriial
R & Dwas concermed wirth the creation of new products, 40 per cent
wes concermed with inproving existing product Tines, and about 10 per
ot wes to INProve Prooesses.

The necclassical theory of the fim asaues that the decision-
meker mekes price, autput and factor allocation decisions with perfect
knomedge and foresight as to what costitutes the relevant parareters



- 33 -
of his oost ad devand fuctios.  Goices ad allocatios are made
with the intention of meximising profits; the theory specifies dojectively
rational behaviour with respect to this gal.  Gonsidering the daracteristics
of R &D activity revealed by recent studies and described in the previous
dgpter, It is not surprising that there hes been few attenpts o aalyse
R & D activity in tems of the sinple assunptios of necclassical theory.2
The coclusians of the previous dgpter indicated that R & D is an inherently
uncertain activity, degree of uncertainty incressing as the besic research
end of the R & D spectrum is goproaded.  As FHearen (1974, p. 226) sugests,
the nore that imovation is differentiated from the existing experience ad
knovede of the fim, the greater the level of ucertainty typically
associated with the preject. e gopears that gopoximattion to the condirtion
of certain knovledge in neoclassical theory might only be achieved at the
eqense of trading of F the definitive imovation daracteristics of novelty
ad radicalness;  in sort the less imovative a project, the more likely
it is that neoclassical theory may be usefullly gplied.

This is supported by Mansfield, ane of the most prolific ad influential
of econamists in this area, In a discussion on the relevance of neoclassical
theory to problens of tedhological dance,

"With regard to neny of the mjor issues concerming besic research,

ecoomics hes little to ssy.  As ae nowes tonards the develgament

end of the R & D gpectrum, econamics beoares more useful, but it

still hes a limited contribution to meke” (1986, p. 4%).

McKie (1972) in reviewing the econanics of tedrolagical dange puts it
even nore strongly;

"Simple equivalence of mrginal oost and margiral social retum
is the test of velfare that we gply to practically every other allocation
of resources) yet we are not renotely able to gply it at the present
time to techrolagical progress, which is 1tself an orgenic dharge
in the use of resaurcss.'” (p. 6)



There gppears to be widespread agreeent as to the rature of the
prablems encountered in gplying necclassical theory in this area. 3
If this represented the limits 1o which it hes been suggested the theory
can be goplied, we would concluce that  neoclassiical theory is of limited
relevance to problens of R & D, ad recomerd its gplication be restricted
1o aress where its catral assuptios are ot so blatantly cotradicted.
Hovever sare theorists have attenpted to circunvent this problem by
studying invertive activityt at a higher level of aggregation.  Schmookler
hes conducted extensive enpirical analysis using patent statistics as a
meesure of inentive activity.  In an early work (19549 he tested the
hypothesis that inventive activity is a furction of neasures of aggregate
factor input at the level of the ecomny, Inmore recant work he hes
develgped amalysis, still using patenting as an index of inerttive ectivity,
at the lover level of aggregation of broedly defined indstries (192 @) ,
1952 @), 1959).

From his studies, Sdmookler concludes that the distribution ad level
of inentive activity is largely determined by demand conditios$  *'derard
induces the inventions that satisfy it" (1956, p. 184 Schnockler interprets
demard in tems of expected sales quentities of a goecified, as yet non-
existent, good.6  Honever Roserburg (1974) casts doubt on the goplicabillity
of this conoept of latent demard, asking specifically vwhat is meant by this
definition; latent deverd is difficult to defire if inention to satisfy
it hes not been inieted.  There is a dager of a tautlogous definirtion
being able to explain any dosened behaviour in terms of such a arstnct.,
Roserbury identtifies the need to defire demard  independentdyof dbsenvation
of inetive activity. Relating Sdnookler™s emirical evidence back to
a necclassical micro frarenork results in interpretation of analysis being
wilrersble to  critician of the type referred o in the previous depter.

In this context, Mechlip (122 (©)) argues that at a certain leel
of aggregation it is meaningful to talk of a production fuction for inentions
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Mechlup beses hiis interpretation firmly in a rational interpretation of
the inetive process, suggesting that, "The invertive prooess ... hes
become more methadical then it used to be in earlier times, nore systamtic,
mechenized and routinized.” (@. 153).

Mechlup contends there s sufficient evidence to suggest that the
production of inentions can be eoressed in the form of a production
fuction, possibly even at establisent leel.  Honever his aonogption
of a syply cune ad production function is based on the aconoept of a
"homogenised” inverttion whose purpose is to provide a construict “for
the sde of reasming and discussion ™' (. 155). In this way, his syply
aine suposdly awids the problem of heterogereity of inentios.

Thus “homogenised™  inverttive autput, plainly an inggplicable conoept
at project lewel, is seen as a useful theoretical constraint at higher
leels of aggregation. In this respect, Gold (1971) puts forward relevent
criticisn;

. agregation . . . poses seriouss problens for output
messurement in cases involving product heterogereity.  Ben in the
sinplle case of a plant which makes a sirgle product in a rage of sizs
and models, total output can be physiically aggregated onlly by disregarding
all qalitative differences. But such ameasure defies interpretation.
For eamle, an increese in the nurber of units, without any indication
of danges iIn the ratio of smail o lage, or of high qality to lev, need
not have any neeningful relationship even o tre leel of aggrecate
production activity. Nor dees it sugoort any meaningful conoept of
the average init of autput . . . such an average it would not only
represant sare non-existent composite size and model, but would darge
fram periad 1o period-——- these problens are further aoplicated in
the case of multiproducer plants ad fims, @. 5)

Therefore, even ifthe problem of uncertainty can be igored in
aggregating measures of inverttive autput, proper ad ad g
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interpretation of costructs  and analysis of behavioural relationships
is difficult, if not inpossible. In a later depter Cold directs
attention specifically at such prablems in decision aoncermed wirth alllocation
of resources to R & D;

"There are no authoritative measures of the “productivity™ or
"efficiaxy” of any corporation as a whole, nor of any subsector of
corporate activities providing nonrepetitive sarvices. . . . Yet all of
these have managed to function because input-output messurements are
essetially a means of sumarising the results of coplex activity
systens rather than the besis for uderstanding or meneging the
intricate and usually highly specialised prooesses inolvad. . © In
gort . . . when we do not understand the system - as is patently tre
of R & D - we carot devise strategically significat measures of Its
"predctivity” or “efficiary” or determire its production fuction.” (. 24D

As Goldpoints aut, useful and worthuhile interpretation
of aggregated data is ligble to result only if aggregation itself is
besed on gppreciation of the presses inolhved in the relevant sstars.
The fact that the assunptions underlying aggregation  in invertive
activity negate what little consensus gopears to have been reached
by studies at micro leel, costitutes a further justification for
reservations as to the legitimecy of such a blutt instrumert INR & D
analysis.

In fact there Is posssibly a further serious criticise to be
mece of the relevancy of aggregation in this Contex.  The idea of
latent decand for inverttions, tenuous «  project level, teooees even
»ore S0 at higher leels of aggregation. At project leel, latent
demard for a product or process providing a speecified fuction vy
conceiveble In cert.ih ciraurstancss - e.g. a vaccire for rabies, or
a neu »capon system to counteract eneny develgorentsi at higher
leels it is a highly dbires conogpt. For eaple, at intemediate
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leels, demand for goods can be conoeptually and enpirically distinguished
on the besis of functional differentiation of categories - food, textiles,
etc. Honever, within an industry grawping and at mecro-leel, the only
distinguishing features of Inentians viz a viz existing products is
the non-functiomal descriptive feature of noelty. How one may
geeratioalise the conoept of latert damernd for inentians at aggrecative
leels in such ciranstances is diffiault to peroeie.

The difficulty is compounded when ane recogniises the wide rage
of activities ad industries at which R &D is typically aimed; Nelson
et al (1957,p. 51-3) point aut that R & D diversification is aosidersbly
higher then product diversification.  They computed aoefficients of
specialisation and coverage for a nurber of two and three digit S.I.C.7
industries using N.S.F. data; ooefficient of gecialisation is a messure
of peroent of R & D experditures allocated by fims in an indstry tonards
that industry’s major products, while coefficient of coverage measures
the peroentage of R & D in each product field doe by fims in the
industry which is the principal manufacturer of that product (see teble 3.1)

The median coefficients were B and 72 percat respectively, vwhile
Nelson et al point out that values for both coefficients estimated for
existing products are typically in the 9 peroent rage at the laner four
digit indstry level of aggregation.  This high leel of
diversification mekes It even nore difficult to identify aress or
points of reference for latent devad; the attention and direction of
R &D is nore essily switched 1o aress of potential interest then is
the production of existing products, and consequently the area to which
the conospt of latent denand for invention is gpliceble would gererally
have to be much wider then the sogpe of the indstry

Therefore, cosideration of R & D activity at project leel in
the necclassical frare of reference falls foul of the criticisn of
rational mocels and analysis of R & D daracteristics develgped ad
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preseted earlier.  Aggregation of data does not gopear to offer any
solution either;  the rational model is still inplicit, while aggregation
creates significatt, uawideble prablens not present at project leel.
As Grabonski and Meeller (19/0,p. 100-101) point aut, microeconamic theory
is besically a theory of a acneproduct firm, and as such is a highly
seecific and limited goproach, especially iF aggregation over meny
diverse products and firms to be carried aut.  Research and develgarent
presets formiceble prablens for neccllassical theory in this respect ad
others; as Cold (1971,p. 240-41) points aut, perhgos the most surprising
feature of such goorcades is the goparent failure to recognise that
such diffiaulties are pernvesive ad inevitable.
Teble 3.1 Coefficients of Soecialization and Coverage
for R & D Activities for 1990

(In percentages)
Industry Seecialization Coverage

Aircraft and missiles 67.9 2.2
Chemicals 8.3 77.0
Electrical equiprent and comunication 8.7 6.9
Febricated metal products 4 235
Food and Kindred procucts .1 .1
Mechirery 514 05

eopipveln;lr?as and oratian 4 8.3
Petroleum refining and extraction 2.6 B4
Prirary metals 3.8 743
Professional and sciertific insturets 20 6.5
Rubber products B9 8.6
Terce, Computed fr>» data fra, Mntlwice.

g S B g S ! - Kaue« »>_. P ».
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Honever McKie (1972), while disparaging with respect to the possibility
of usefully applying necclassical micro-theory to R & D activity, Sugests;

"Uncertainty has been an impenetrable barrier 1o ex aite evaluation
of invention ad imovation.  The notenorthy progress in the theory of risk
ad uncertainty needs to be gpplied more searchingly 1o the economics of

imovation to see whether it will help bresk the uncertainty barrier.” (. 6-1)

In the next section we will consider the possibility of utilising
stodestic goproaches 1o tedrological inmovation, in particular tre
relevance of the work of Kemeth Arrow.

Research and Development as Uncertain Activity

Risk and uncertainty hes teen introduced into a nutber of analytical
goproedes to the R & D prablem, for eamle information theory, Bayesian
ad non-Bayesian statistical decision meking and gperational research.

Each approach differs in its assunptions and its specific area of aoncem.
Honever it is possible o a large extent to identify cormon ground amog
these gpproaches wirth respect to their aalysis ad interpretation of

R &D activity. Substantial disagreement does exist in ae particular
area referred to at the end of this section.

Kemeth Arron8 hes develaped an integrated frarewrk specifically
e.!ri to dealingwith decision «eking and rescorca allocation in this
area. Acoording to Arrow,

mTechrological progress is in the first instance the reduction in
ucertainty.  The product of a research and develop»« effort is an
dosenvation on the tolld which reduces its possible race of varieties, . . .
Research and develogrent is . . = intimately comected with the problens
of uncertainty reductiond which have been the dojects of research in »
matheratical statistics - Infection « , —® < * % * 5
Arrow defines roertainty as ?nrgi%ﬁe decisioeking agent does
not know the state of the told, state of the told being a descriiption

9 anplete that if tree n
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be knonn (1971 (b),p-45)-An evertt is a set of states of the world
which satisfy sore given codition (2971 (©),p-46) ; inertion is
interpretable as evatt.

Elsewhere,(Amov (1982)), invention is defined as the production
of new kovledoe;  Interpretation of tedmical progress and inverition as
both reduction in uncertainty and production of new information is
aorsistent with information theory which interprets infomation as
the negation of uncertainty (see Marsdek (198).

Honvever, such analysis is essatially a modified version of the
ratioal model.  Arrow suggested (1971 (@),p-168-9) that whille a
priori probebilities of suooess or failure of specific activities may
be small (activity being interpretzble as a project or section of
project), a posterioriprooebilities of suocessful projects is 1 by
definrtion. A posterioriprocebility can then be used in calaulating
probebilities of successful repetition of stages iR & D activity;

At each stage, then,sarething is learmed with regard to the
praebility distribution of outoomes for future repetitionsof the
activity, ... definite methods of corputing the gotimal solutions
exist . (1971 (@JP-109).

While it would be redundant 1o reprodce all the relevant
critician of the rational model cited earlier, Gold again mekes
specific and pertinent criticisn in this antext;

"'scietists and engineers do not have aocess 1o widely
aocoepted mocels of the terrain beyord aurent research frontiers
(including the identification of pramising targets and of the nears
as vell as the rids of reaching tham).”" (1971, p.29).

Miec ainvedv been referred
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1o in criticism of the ratioal model In the previoss dgpter (e0-
Jankes et al (199), Klein (1982, pp.480, 508),ad Marshall ad
Meckling (1922, p.463))- In such ciraurstancss it is legitinate to
question in what mesningful sense tedmiical progress can be said t©
redlce ucertainty. An R & D project might be stinulated by
unenticipated indications of possibilities in a particular areq,
undergo research on and devellopment of particular idess, and firally
abort or imovate according to the subsequent faillure or suocess of
the project.  Honvever, since the project”™ haes moved fram a situation
in which the idea was not even aonceived through intermediate stages
1o ore in vhich® it hes actually been introdloed, it is questianeble
that this is interpretable as uncertainty reduction; origirally the
inverttion perceiveble In intemediate stages as being uncertain, wes
not even recognised as a possibility.  Yet i we acogpt Golds claim
dowe, such a situation is typical rather than exogptioal.

Interpreting R & D activity as uncertainty reduction inplies
that igorance is uncertainty;11 as hes been pointed aut in a related
aontext, uncertainty is not sinply igorance but involves knovledoe
of possible future states (Loashy 1967, p.3B). Specification of
uncertainty is with respect to possible evenits ad states of 13»
world, and that this is inplicit in Arross goproach is affirmed in
his statement that R & D reduces the possible rage of variation of
the world.12 Only if the decision maker is wording tonards selection
of the -tree- state of the world ftan an array of recognised altereat-
ives can increase i Wﬁ%'% E eqated with Lnoertainty red.ctian;
hut as Gold points out ak'be ﬁety—l-mpical ciraurstances under whiich
R & D decisioHmekers geerate is ae of iterance, not uncertainty.

In fact, Mulkay (1972), interpreting scientific discoery as

imovation in a study of the sociology of science states; heny
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inovatios take the form of a discovery of a new area of igorance
which hes not previously been defined at all”" (p.39) and Bradhury
(197) coments;

"It is usal to daracterise R &D as an uncertainty reduction
procedure.  This 1 believe 1o be a fair daracterisation of nuch of
indstrial R & D, but unless ae is prepared 1o regard igorance
as infinite uncertainty, the daracterisation is a poor fit to the
eploratory and search part of R & . Search can rudelly disturb
the bliss of ignorance by creating a great deal of uncertainty which
it is the role of subsequent product and process develgament to reduee’™
©-39). Boulding in developing the conoept of "imege’’, or subjective
knovedge governing behaviaur, analyses the possible effects information
rnay have an cognitive "imege’” of the world; the imege may ke
uaffected, qualitatively danged, clarified or information iy add ©
doubt or uncertainty in the inege (P.7-10). As each of these autlines
indicate, knovledge is not the sinple inverse of ucertainty.

Thus the stodestic goprcach igores an essential and campleren-
tary daracteristic of R & D to uncertainty reduction, that of
uncertainty gereration - finding new problent and possible inventions
for future exploitation, uncovering ad developing new aress of
uncertainty. While R &0 may be dharacterised as the developrent of
new knovledte, this is by no means the sare as uncertainty reduction,
ard in sare types B @BW lis its antithesis. Thus, Machlup>
while develloping a diFferent versicn ~° arall model disa ssed
in the previaus section !\é% i(g,)i remglisesﬁlat R & D is cocarmed
both with generatting and eliminating possible even

N N 11N , task ad at the sare tine areate
“an inverttion may fulfal ¢

_ ———- "conwpries ad besic inentions, by



definition, gpen W new vistas and create new gyportunities for
further inventiaon’, p.161.

Mechlup distinguishes between agenda incressing and agenda
reducing inentions; activity by sb-systars is also interpretable
in this respect, besic research being gererally agenda incressing
(Uncertainty gererating), develgment by inplication being typically
agenda and uncertainty redcing .Cosecuently it is in this latter
area that rational amalysis hes tended to cocettrate: Marsdek,
Glenran and Sumers (1967) introduce their microeconanic analysis
of R & D under uncertainty by imediately specifying that their
study is restricted o the uncertainty reducing develgoment sub-
sstan. It is of course fessible in such goproades that new
opportunities, new aress of possible exploration are suggested in
the course of R & D work directed tonards uncertainty reduction.
Honever, uncertainty creation is incidental to the main purpose of
R &D in such interpretation; the main resposibility and purpose of
R &D is still with uncertainty reduction.

The measurement of uncertainty in goorcades such as Arrons is
a central isse, and hes been the subject of considerable debate.

IT earlier critician of the ratioal mocel is valid, then in tams of
the conogpts of risk and uncertainty developed earlier, uncertainty
in such goproades would of necessity refer to true or umeesurable
uncertainty, rather then meesurable uncertainty or risk.  Use of
risk is effectively invalidated by the unigue non-repetitive rature
of invertion and imovation.13 Honever, if tree uncertainty is
eplicitly incorporated in the decisionneking framenork, the



rational process of decision bresks doan since unenbiguous
meximisation of expected values is no lager possible on the besis

of ailcble informatian. ¥

Bayesian amalysis hes been developed to attenpt to provice a
subjectively rational framework for decisioHneking in this aoitext.
WWhille it nay be used in dojectively rational analysis of routine
sittatios, (s Winsten (1938, p.123-4», it is also used in
situations such as research and develgament where “tree” uncertainty
is presait.  Prior probebilities are™assigned by the decisioHmeker
1o possible states of the world on the besis of sibjected evaluation
by the decisio+maker, and doice of action is dictated by altermatives
suggested by these "best estimates”’.  Conseguently, since it costi-
tutes a means whereby quantitative ratioal aalysis can be conducted,
a number of theorists, including Arrow. recoimend this goproech as a
frarenork for analysis of R & D.15 It hes in fact been recently
suggested that ance thiis step is recognised as "irevitable, or
eqpadient”’ it no loger sernves any useful purpose to distinguish
between risk and uncertainty Borah (1963,p.xiin).

Bayesiai amalysis, like the other goproaches disoussed in this
section, regards R & D as being cncereed with decisioneking under
uncertainty.  In this respect it is slbject to the sare critician
of misrepresatation of R & D; gereration of pledge nay invohe
uncertainty reduction and/or uncertainty cregtion.  For this reeson
also, it is typically advocated as being of most relevance to the
develgarent (or predaninantly uncertainty reducing)end of the R & D
seectrun. As such it hes been gplied as a partial aalysis of R & D
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activity, and at best must remain 0.

As 1o the potential gpplication of Bayesian analysis in
determination of R & D allocatias in the aggregate, this does not
awid the problens encountered at project lewel; indeed the most
goprapriate gpplication of Bayesian analysis, if ay, is lidble to be
selection of develgament projects within an overall R & D budget
arstraint. Bayesian amalysis has been primarily suggested as an
goproech concermed with sellection of projects, not determination of
oerall R & D budets. One doviaus dojection to Its use as a quide-
lire for aggregate allocations to R & D s its partial descriiption of
the R & D process mentiioned aove, which would terd to understate the
valle of R & D 1o the fim.  As to the legitimecy of aggregation
within the soope of development work, this is a rather broeder
question outwith the soope of the present amalysis.  One point which
nust be enphesisad is that quantification in the face of true
uncertainty places a heavy burden on individual decision makers; the
only effective test of reliability isexpost analysis, ad of course
in such ciranstances there may be substantial variability m

tates.
A further point to be borre t »nd is that it does not gopear

at fin» detereire R 5 D budgets thisway. I resource allocation
a totally decided at a project/prarfict leel, then the R 1 D budhet
eta,, decidad sinultareossly with the selection of projects. It
ill be suggested o the rett chapter that gross allocations to the

, D function typically precedes selection of projects to large fires,
van if selection of projects within the R S D budget is carried aut
sing Bayesian tedmiqe, there gopears 1o to so« other besis m
hich overall budget is decided as a cosequence of hiererchicMy
irgenisad decisionHmeking within the fim.

r---



inmovation as a process utilising resources that are In sare sase
eess or surplus to maregerial requirenents (s Starbuck 195,
[p- 749 the main goproades referred to below are those of Qert and
March (1963) and Penrose (1989) whille the previously descritbed approaches
hed the project as their conoegptual bese, the theories disoussed
belt» constitute a radical re-orientation of the theoretical foas of
econamic aalysis in this area through their egesis on allocation of
resources rather than allocation to projects.

@ The behavioural Agproach

<™ behavioural theory of the firm is a gereric term dasscribig
the work of Cyert end Varch (1963) and derived or related irate.
These In tum base a great deal of the develgament of their argent
on previaussly developed conogpts,  in partiaular the conoept of "'level
of aspiration” and "'satisficing’ tot imroduced into econamic theory
by H. A. ton (see Siren (I99))- It is gererally argued that once
the limited decision raking capecity of the firm is recognised, the
uncertainty and aopleroity of business enviroment inalidates the
necclassical view of the t o as an amisciat system cgeble of
dbjective rationality (Qert ad hatch (1983),FP.99-101).  Instead the
t o leams the decision rulles, actios and allocatios which have
previoussly contributed to the goals of the to, *>d in this mamer
ackpts T its enviroment, Fg@ 8f meximising specific decision
variebles, the concept of satisficing dictates search activity and
the availability of altermative solutions to probto. Tta “aspirator
leel” is the datum S/vi.ta*ln'irg glrrg} activity on and off, itself being
dictated by ci a% ot nerfonrance;  incressing rate of

pes pe }
.~ L,Miax rhoehat 3
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sloner rate, whille falls in performance tard o result in apiration
leels exceeding achieverent (Cert and March (1963),p-3).

Search activity is stinulated by a discrepancy between
achievament and aspiration.  IF aspiration exceeds achieverent, search
for a solution takes place uttil a satisfactory solution is dotained,
aost of search not entering into decision meking (Gyert and March (1963),
pp-120-22).  Consistent with this conogpt of “probllemistic search”,
Qyert and March develp a theory of imovation in which the effective
notivating mechanism is that of current failure to achieve target
leels [@.2/8-P) i failure garerates problamistic search which in
twm produces solutios, resulting in imovative ectivity. e would
therefore exqpect a pouring of resources IMo imovation search activity
in coditios of crisis, while in conditions where aspiration leels
are being achieved, such activity would not be sponsored by the firm.

Hovever, Qyert and March recognise that such an extensiion of
the theory does not it doserved behaviour vell, citing Mansfield
(%)) as evidene. Fira, do imovate,ad inmovate extasively,when
they are suocessful, and the conogpt of problematic search is ueble
1o eplain this. They therefore also utilise the aonogpt of
organisational sladk in their aalysis of Imovation.

Orgenisational slack permirts the allocation of resources to
ab-nits, and the develloment: of OO Bt Mave strog sbnit
apport. Sooess 3“8@ 4&% 1r"innn 10 sanction projects that woulld not
be tolerated in conditions of scarcity. "YHRALirg mectentm s
the oontribution that schproj© 0 Pt gals, and the



distribution of sladk is dependent on the strength of the sLb-unit
demands ad influence.16  The generatiion of disocovery of Inportant
techolggical inovatians s in this theory not an orgenisatioal
gal, nor even a neans to achieving organisational goals, but insteed
a conseguence of sub-unit side paynents.

Qyert and March do not include any form of tedolagical denge
as an orgenisatianal goal 17 and indeed it would be difficult to do 0
sinee their model explicitly recognises goals cgoeble of formulation
in sort nn tams, such as profit and sales.  The conoept of
satisficing does not recognise the possibility of plaming or
anticipating future events, or perhgps nore inportantly, allocating
resourass 1o satisfy anything other then inmediate nesds.  Atttenttion
is focussad erther on search for solutios to curnrat prablens
(problemistic seardh), or in satisfying imediate sub-unit demds in”
the absence of problére (allocation of orgenisation sladi).  Strategy
ad plaming, and sub-systant™ requiring such decisions,have no place
in such aalysis-, indeed since these are associated features of the
aonstruct of the dojectively rational firm, their amission may be
regarded as a areditable develooment of behavioural theory.  Honever,
in cealling with sub-systars explitily 0 Cored vith other then
operating decisios . enphesis « ot ™ « effo*1" ly
distort interpretation of such sub-systans to the adatt that them
fubrental rature and purpose is dsared.  This is denostra
behaviaural the,, of imovation, in particular Cyert and March™s
interpretation, ad K € Kight™s nlodel

Khi*t develgs Qyert and «arch™s theory of imovation.

. twiclly ost redcing, such



- 3.19 -
& autting back organisational amployment, while sladk imovation is
associated with the search for tedhological imovatios.  Knight™s
mocel might be characterised as extrere bdhaviouralisn: the fimm is
either in conditions of slack or distress, and typically exhibits oe
of tre two polar patterms of behaviour associated with the respective
states.

As Cyert and March point aut (p.279): *Problen-orientated
imovation willl tend to be justifiable in the short run and directly
lined o the prablen.  Slack imovattion will ted o be difficult ©
Justify in the short nn and renotely related to any major organisat-
ioal probler’.  Knight asserts that far less being able to afford the
resources to search for tedrolagical imovatios, the firm carot
even afford the risk and high oost of merely introdcing product ad
process innovations(p.W5>.  Research and develgmant is therefore
justifiable only in slack coditias.

Slade is honever not just . fecilitator of R »» in behavioural
theo”, tat a necessary tradition for its existence.  Since Cyert ad
,archStadel is a short run adgptive nocal, R >D ««not contribute to
organisational goals, oy to adroit gals. All K . b resources »y
be defined as Slade resources (exogpt for possibly nine develgnent
work,.““ The coronary is that in «editions of distress, R a» »,,Id
terd o be eliminated inpiyi.rg — & D is an eratic wolatile
functiion with no inherent stbility. 2L This Is contredicted by Qert

mrdr thrives; they gote W *Ustad « * » « to sugest
that in R & D s”'syst** in organisation drereexist Wdenhl e
attaTpts to siooth allocations so that they vary oo 10T YeRr ©



year then do revenes” (p.274). The R & D sub-system acts with
reference to standard operating procedures and identafisble aspirat-
ios.

While extensive evidence on the inferred instebility of R & D
allocatios relative to other fuctions in the fim is not available,
two studies of R & D performing fims in distress coditios by
Williamson 11934, p-%4-99) and Sdott and Gretrer C1974) are of
relevance here.  In Willianeoo™s case, a geecialisade»pany encountered
declining and fluctuating rate of increese of sales, ad auratt rate
of sales «s roughly halved fro the cereal rete of previas oars.
During a rest reduction programs it»as foud that R S D in the fir.
over the previous decade had contrihuted hardly anything to profits
(P-95)- Yet instead of afendcreng its R S D effort, the fir. reduced
its staff of 166 to 2 and redirected »»ch of iIts «0* to cxeric.rl
r 5 D caipanies. Schott and Gretrer (19/6) foud that tie undhanging
product policy conducted by the cvera »lecturer Sollei—«erke
fYarice and Hei-feda aftc the introduction of the imowvative rein
lens reflex canera Folleifie} in 18, 8etally led to stageting
salles and Firancial Hossks b 118 LAY pericd de  the develop-
rent. of Jepenese imitators ard aHvres in miniaturisation.  After
194, high lewels of regular inestment InR & D led 1o the introduc-
ticn of substantial ly differentia«! ne« products and reversed the
declire in Foliei-Vfare salles, Just B HC Tlmves on the edge of
bslkrlpItnwn-eiiher case ves R &g %rbaégt%g % a short-tem distress solution,
or & a'gmi.m(ﬁani Csllacclli‘i. Both fams were going throwgh periods of
firercial adversity enerureging revisit, of priorities ad sguaesng



Of any slack which nay have daelgoed.  Both firms critically evaluated
and revised this operation with future survival and develgarent in

rndd, and intheir different ways emhesisad  the value placed on regular
epaditure on R & D as a means of ensuring organisational visbility.
The demical fims preference for maintaining regularised allocations
1o R & D wes paralleled by Follei-lerke  after the letters evaluation
of desired allocations to fuctos.

Vet thereis an even sore fudanetal dojection to the treatrent
of tedrological change in behaviaural theory as incidental Prenorera.
The behaviaural nmotivating iredenis» feu R t P allocatios in
oodities of slack (slb-unit sice Fysests) presypposes the existence
of anE 1 D subsystem. Resouces are onlly allocated to the slb-urit
because it already exists and darands sice peymants.  Yet since
does not cotribute to short run orgenisatioal goals, there is o
reascnwhy R 5D shauld be started in tre first place. Postulating a
"“tecdmlogical dage” goal is not an adeguate solution! the whole
fierk of behavioural tleory is based on satisficing, sort nn
reective respoimes to environ»*.  Resource allocatibewith strategic
intent,of which R & D is a subset,ared ™ d to gererate aM create
opportunities and actively aFfp't the fiims enirament; - the reectie
rature of satisficing eNisestha onsite cosideration, that of
e,,mtn»nt on the tin» actios in the sort nn. N

FOFﬁESGI’EE&]M‘S Sﬁ%%l\/ﬁrdﬁ'sbel"avimralﬂmy hes
difficulty in deling with and interpreting techrological dage,
,oelear, the work introduces and attests to synthesise inportant
oconcents wirth respect to the fir. N a resaurce allocating mid
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adninistrative wnit.  Further reference will be mede to this ijiportant
work, and use made of its findings and theoretical conopts.

©®) Penrosels Theory of the Groath of the Firm

In a separate develoomant of a theory of the fim, Penrose (199)
develgos an approach which has similarities to behaviaural theory, but
is cnucially different in a nurber of Inportant respects.  Penrose
takes the point of view that growth results fram the pursuit of
econamies and ggportunities which “disggear™ once the expansion hes
been achieved. New gpportunities for grorth ney arise axe the
eqansion has been anpleted, perpetuating the growth proosss.
Acoording to Penrose;

mWades of grosth are tte intermal econamies availeble to an
»dividual firmWhich mate etpmsic« profitsble in particular directkns.
They are derived firan tte unigue collection of productive sarv”
awilable to it, ad create for that fir. a differential advantage
ower otter fire, inputting « tem * = new products or increased
quantities of old products. At any tin tte avaikbility of such
cookies is tte result of the prooess ... by which unused produ”ve

services are aotinually created within tie fmf P-99*°
Peruose differentiates between resourcss ate servioss dotainable

fro. these restates. "tesounres... indu* the physical dungs a

fir. buys, leases, or produces for Its ten use, and tte people
hired on tems that sake them effectively part of tte fim- A resource

N

he viened as a btedla of preside service,” ..7>. Sarvices,
not resources, are inputs in tte production process, ate resources

can usually be defined indegpendently of their use
awids tte use =F the teres factre of production simee se



sugests it is used interdhangesbly 1o mean both resources and
srvicss in necclassical ﬂmry2 4

Penrose provides a medhanian for gererating grosth; "The
services available for eqansion are the difference between the
total services available to the filmand those required to gperate
it at the level of activity gopropriate o Its existing cironstances'”
p-201. Unused or residual maregerial resources therefore aostitute
the mears by which ggportunirties for gromth are exploited since
they provide excess maregerial sarvicss, excess being defined as the
amout over and aove that required to menege the firm in Its aunrent
geeratios.  Growth is gererated particularly by uderamployment of
menecers, Who seek mearns and goportunitiies to work to their full
caecity (p-49-5). The release of unused resources is fecilitated
ower time by "leaming by doing -

In the develgoment of Penrose”s theoretiical goproech, the
amount of resources required, and allocated to, currant geerations Is
invaricble; "For ay given scale of goerations a firmmust posse
resources from which it can dotain the productive servicess gopropriate
1o the amounts and types of prodcts it intends o produce” G.67).
It is not a variable which can be subjected to discretioary vacation
with respect to possible substitution of resources fo  gronth

e it cpeer et Q] b autatically interpretcble
as gronth rather then goerating activity in Penrose™s theory.  In fact
as well as potentially providing a foundation which may give the firm
on achentage in Sare rew ares, Penrose suggests research may be useful
in the prod.ction of a FITE SASHY podets (resebly as far as
developrent of rew prooesse(s: ed techology is cooarmred) (- 114-5).

) - _ w™ hut rtdoes seenthat at
There gopears sare possible anbiguity here,



leest sate R & D is interpretable by Penrose as guerating activity
orietated tonards existing production, as vell as having a prure role
in tre diversification process tself (s pp.112-6).

Whille the role of R & D may be subject to interpretationacoording
to ciraustances In Penrose™s theory, at a higher level of dostraction
it is possible o identify cormrespondence between it and behaviaural
theary; both conceive of residual resources (Orgenisatioal slack in
behavicural theory) as being the means whereby grwth is fielled,
thus implying an “gperating over eqasian” priority rule.  Qperating
prablems are attended to first, then grosth goportunities.

Bearing in mind the qualification that at lesst sore R & D may
be classified as gperating activity in Penrose™s gooroach, to the
extatt that R & D is orientated tonards diversifying and extading
the fims rage of activities in pursuit of growvth ggoortunities,
we would expect rosource allocation 1o It to be unstable ad erratic
as in the behaviaural theory of the Fim As with the latter gooroach,
the gererally stable nature of allocations to R 1 B.25 and in particullar
the institutionalised nature of the function in large fires,nns
oulter to «at would he ejected given the brad theoretical
inplications of the mockl.

e st e epfesica {1 BT U teviaral ey of ve
fire, nor tie theory of the gronth of the fire vare develgped to deal
specifically with probllem of resource allocation to tedrolagic*!
dae. Yet, as1» b«n indicated aowe, in both gooroedss
recognition of the «ortance of tednologiocal deare is erased, ad
both Qyert and March, and Penrose, attest to acoount for resource
allocattion o inowative activity T Ten resEcthe theoretical
fraeorks.

It is »t intended here to preside attest to refute
or regpte «~- theoretical apprcades «hich have teen disossd.



Insteed it is hoped that the disaussiion of the assunptiions of each
willl have provided a perspective for discussion in the next depter
ad tre latter part of this dgpter as 1o required developrents for
aalysis of the problers of tedvological dae.  Tetatively,
horever, 1t would seem that in their received femulations,none Ot
the goproadhes discussed gopears to offer a satisfactory besis for
such aalysis.

In t1* next sectian, gereral system theory is introduced. As
menticred at the start of the depter, this provides both a «art of
placing behavioural theory and theory of the grorth of the fin. i»
amext, as »ell as a framne* for the amalysis of the corporation
inchepter The integration of both previously disoussed goproedes
into a systams perspective is facilitatad by thelir recognirtion ad
use of the conogpt of "resaurce’’. Unllike the  neccllassical ad
stoctastic goproadhes in »hid, the eMasis 1a «  project or product-
specific sarvices, the existence of stable and enduring SUb-nits,
or other "udles” of resources, is a feature of both behaviroural
theory and theoy of the grwth of the fim. The represents for
extending such interpratatien into a fully affi system fratex<*
for analysis of corporsie (SR WAH e the concem of the rext
two depters. Huever, we sall start by exanining sare of the
characteristics and implication of general system theory.

n - System Thecxy ClassificaticQ/lii27Eii-NMAN AN

Anmentioed IN*. 1 n « « dmpter, gereral syrtens
< 1D an extent amiqoer Tt ismtatastableﬁeoryorsetolf _

o arh, bt i.s rﬁs? a frarenork or "heta-theory " within
hvDOtheses =
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Its potential usefulness lies partly iIn the fune of reference
inposed by its conceptial laguege. The structures and relatios
identified »i 11 hopefully permit an ingroved picture of the behaviour
of the corporation to be drann.  Firstly,»e »ill develo a brief
classification of systams » the light of this goproach befcte re-
gppraising behavioural theory and the theory of the grocth of Se
fim.

Gereral system theory is concermed with "'gereral aspects,
correspornoes andisaiomphisne carren o 'SySHIRL (Von Bertalanfly
1973 PXVIID). systams rasist of, “sets of elects st.ding in
interrelatio’” (nBerteli ITW*-»» * fy*
regarded as a system in its <» rigtt, aostittent elects (such as
individals, departments, materials and building, etc.) contributing
1o ths struttura (or “'order of parts - *» Bertalaiffy 1W , »e»>e
,,d fuctios ('order of Passes' - Von Bertalaffy , .»> of the
oerall systen. A fudamental preogpt of gereral system theory is
that of hierarchic order (&, Berteli p.»» *e
sters themsehes may te 8{@:% L|jnto hierarchies; corporations
ey be regarded as elerents i.n N ndstry Vsystent” while R & Y
rarhstihg/pradlction, etc. are interprétable as systars in trarr
onn right, or sub-systens In the corporation sy

As vell as systars genera?ly Bgljr% %)Ie of arrangerent in
hierarchies, so tooare rrodellg Sypters-  Baulkding (156 provickd

y 77 ?
_ of "leels’ of theoretical discourse  p.
"'a possible arrangaent o
*1* arergproduced ed art™* interpretedhy Von Berrai

(e tabi. 3,). bouldirg™* * * - tira leve, of sstars -d

associated ndslls, but duce leels ara of partiouinr mterast
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tte present amalysis, those at the secod, third and fourth levels
respectively.

Secod level systens are sinple systars with *predetermined
necsssary notions” (Baulding p.6>.  In such systars, the fimal state
is determired by the initial conditions of the system (Von Bertalanffy
p-39). the solar system itelf is an eaple of suth a systam, iIn
which the behaviour of the system as a whole may be effectively
studied without reference 1o other systars.  Such systens are
interpretzble as closed systans "'systams ... aosidered to be
isolated firom their enviroment” (Von Bertalanffy P-38).  Such
systars do not interact with their enviroment, and consequently
their system boundary nay be regarded as the limit of relationsips
of relevance to system bdaviaur.  There is no feedoadk of stunuli

or response from system to envirament or vice versa, iz,

fiene 3.1 0 b}

MU leel systans as identified as cystic sstars; this
is tre lewel of the octroi @oulding 1963 P*~”*
Horeostatic mschanists ale inttgoal of soh systao,
hseeostasis being the maintenance of the intemal state of the system
hy regulatihg mecha”sms which »meet deviations fro. this intenal

n ), Such systans operate by means
state(seeVmBertaimfﬁ/%%j» ) o ] et
of stimuli fram the enviroment, %‘S being achieved by

of an iterative feedbadk process (see figure 3.2 kelon).
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2. Gereral System Theory

Teble 3.2

An infomal Suney of Main Levelshinthe Hierardy of Systars.
Partly ir pursuance of Boulding, 196%0.

1 Static

2 Clok works

3 Cattaol Mech-
SET

4. Qoen systamns

5 Loner
OTENISTS

6. Aninals

7. Men

8 Socio-
ailtwral

9. Syolic
Systens

Description ad Bamples

Ataors, moleaules, crystals,

biological structures fran
the

mecroscopic leel

electron-microsoopic o tre

Clods, conventional mechines in

gereral, solar systars

Thermostat, servomechanisms,

homeostatic mechanian in orgenNisTs

Flare, cells and orgenisrs in gereral

'Plant-like' organisms: Increasing
differentiation of system (so-called
‘division of labour' in the organism),

distinction of reproduction and

functional individual ( germ track

Incressing inportance of traffic”

information (evolutivo
nervous systems), learning,
of consciousness

Symbolism; past and future, self and

_ betinniAgs

gw

world, self-awareness, etc., as
consequenoes; communication Yy

language, etc.

Populations of organisms_(human

included); symbol-determined

communities (cultures) in man only

Languece, lagic, mathenatics, sciates,

arts, norals, etc.

Theory and Mocels

e.g. structural formulas
of chemistry; )
crystallography; anatomical
descriptions

Conventional physicis such
as laws of mechanics
(Newtonian and Einstein
and others

Cybernetics; feedback and
information theory

(a) Expansion of physical
theory to systems
maintaining themselves in
flow of matter (metabolism).
(b) Information storage in
genetic code (N\Y).
Connection of (a) and (b)
presently unclear

Ao~ 1 Rviations),

feedback (regulatory
phencnena), aromoMoLs
behavtour (relaxation
oscillations), etc.

Incipient theory of
symbolism

Statistical and dynamic laws
in population dynamics,
economics, possibly history.
Beginnings of theory of
cultural systems

Algorithms of symbols (e.g.
mathematics, grammar); rules

of the game' such as in
visual arts, music, etc.

Cait, nP3™ 3,9
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. Gereral Systam Theory

Table 3.2

An informal Suney of Main Lewvels in the Hierardy of Systars.

Partly in pursuance of Boulding, 196ab.

Leel Description and Bamles

1 Static Atonrs, noleaules, arystals,
structres  biological structures fram
the electron-microsoopic o the
mecroscopic level

2 Clokworks Clodks, coverttiomal mechines in
gereral, solar systers
3 Gontrol Medh- Themostat, senvaredenisrs,
aniss hameostatic mechenism in orgeniss
4 Qen systers Flare, cells and organisms in gereral

5 Loner
OTENISTS

"Plant-like” orgenisms:  Incressi
differentiation of system (so-called
“division of ldour” in the organian);
distinction of reproduction ad
furctional individual ("germ track
ad soma™)

Incressing i of traffic in
infomation (evolution of ors,
renos systens); leaming; begimings
of consciousess

6. Aimals

7. Kan Synbolian; pest ad future, self ad
world, self-anareness, etc., as
oonse0LUences;  camunication by
langece, etc.

lations of orgeniss
muded); symbol-determined
comunities (aultures) in man anly

8 Sxio-
alwral

Language, logic, nethematics,

8. Syntolic
systars arts, norals, etc.

a0,

Theory and Models

e.g- structural formullas
of denistry;
crystallography; anatamical
descriptions

Converttional physicis such
as laws of medaenics
(\ewtonian ad Einstein
and others

COybermetics; feedoack ad
information theory

1(120 Boansion of physical
naingiﬁ(i)rg therselves in
Flow of matter (retabolian).
(9] I%im storace in
&rvection of @ 2nd @
presently uclear

Begimings in automata
theory (SR relations),
Teedback 1
behaviour (relaation
osrillations). etc.
Incipient theory of
symbolism

Statistical and dynemic las
in population ics,
econamics, possibly history.
Begimings of theory of
altural systas
Algorithms of syntols (eg.
ics, gramar); rules
of tre gare” such as in
visual arts, music, etc.

eeee (A1, anpage 3.9
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Teble 3.2 Continued
N B GalThiS uney iaérrp:easlimistic a;d intuitive willh no clairE for
TSS.cal rigur.  Higher lewels as a rule presugpose loner ares (e90-
Ufe phrenarena those at the physico-chemical level, socio-auttural
phenarera the level of huren activity, etc.); but the relation of
leels requires clarification in ceee (cf. problers such as

open
svsE KSetlc cxxbasaqmrentprerequsnasof "life”; relatlon

of conceptLal” ?/slms In this s2=2, o
suests both ﬂ*e Ilmns redJctlonlsm ad the ggos In actual I«DNled;p.

The response of a system to deviations in Its enviroment
is detemined by the structural arragement of the requllatory
mechenism itelf. Possible responses and actions of the system are
therefore preprograimed and limited (VOn Bertalanffy 1968,p.43).
At the third leel, there is no autonomous action which the systam is
recognised as being cgoeblle of.  Consequently stirruli26 may be
represaited as being uni-directioal, from enviromant to systam, viz;

S = stinulus
R = response

The fourth level is that of the "'open systent” or “lkeif maintaining
structure” Boulding 1968, p.7). There are a nurber
of daracteristics of gpen systems which will be of relevance in
subsequent analysis,” but there is in particular a necessary
distinction between gybemetic and gpen systens anucial to the presen
disoussion; this is mede by Von Bertallanffy (1963, p.15) who states
that "'spontanenus mess activities” of the system in “dyrnamic interactio”
with its eviromatt dharacterise the goen systan, in contradis-
tinction to the daracterisation of the gfpemetic system as a "'reactive
systen' ansnering outside stimuli according to progranmed resp



Brery ad Trist (1980, p.282) adgot the conogpt of open systam to
otenisatioal systars, a defining daracteristic of such system
being that they "y spontanecusly reorganize tonards states of
greater heterogereity and conpllexity’’.

The open system is thus capeble of autonamous regullation and

These distinctions corstitute probebly the nost elererttary
besis possible for a taxonony of systers at the secord, third and
farth leel, yet they provide fudamental behavioural dnaracteristics
onwhich conplex theories are develgped.28 They are arvanged
hierarchially in order of coplexity of possible relatioships ad
behaviour patterms, the hierarchic ordering fecilitating analysis
of typss of system behaviour. Honever, as Vm Bertalanffy points aut,
the prior existence of goen systemmay be a necessary pre-condition
of third leel hareostatic medenisms in living systens;

"Reflex reactions amswering extermal stimuli and folloving a
structured path gppear to be superinposed ... as secondary regullatory
medhenists ... In this sa=e it gopears that in developrent ad
evwlutil .. .gpen system precedes mechaenization (structured arrag
ments particularly of a feedback nature ) (1963, p-15 16).

Extersive and elaborate harelOstatic cotrol mechenists nay
therefore be a feature of mature mdda/elqmquwstars-zg This
would be anticipated fran the hierarchial arrangemant in Baulding™s
taoary, he points out that higher levels may be regarded as
incoporating all levels belov, a corollary being that useful Insigits
mey ke gained by partial aalysis of higher level systars using
lorer level mocels.



Bven these basic system definitios are sufficient to provide
soe useful interpretation of the theories disaussed in the earlier
scas. For exaple, in discussions of third leel systars,
Boulding (1938) associates this leel with the themostat; "'This
differs from the stable equilibrium systemmainly in the fact that
the tramsmission and interpretation of information is an essertial
part of the system.  As a result of this,the equilibriun position
is not merely determined by the equations of the systam, but the
systan ... will maintain any tamperature at which it canbe st, ...
the essanttial variable ... is the difference between an "doserved”
or "recorced”’ value of the maintained variable and its *ideal™
\alie. I this difference is not zero the systemnoves o0 as O
diminish it; thus the fumace sads Yo heat when _.. "'too oold* ad
is tumed of f when the recorded terperature is “'too hot') (.7)-

There are close similarities between the thermostat system ad
the satisficing mechanism which aorstitutes the besis of the
behavioural theory of the firm.  Action is triggered by failure ©
achieve the "ideal value'" in the case of the thermostat, and the
aspiration leel in the case of behavioural theory.  The "'ideal vallue
ad leel of aspiration ar® not determined solely by the dnaracter-
istics and specifications of the thermostat and satisficing medheniam
respectively, but can move to a range of values within limits,
deperding on ciranstances.  In the case of satisficing, the aurant
aspiration leel is detemined by historic lewels of aspiration an
achievarent, ad relatioships between these varidbles. Both systns
are reective systars, requiring a stimulus signifying deviation
a partiaular level in a specified direction, before action is taen.
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If teperature is below "iceal value” the fumece operates, if
achievarat is below aspiration problemistic search is utkertaken.
Attaiment of ideal temperature and solution t© problens terminates
fumece goerations and problamistic search respectinvely.

Honever, problemistic search, the system respose in behaviaural
theary, is significantly different iron normal horecstatic behaviour.
Respose in the thermostat results in output into the enviroment
of a harogeneous rature according to pre-programed rules ; typically
prablemistic search gererates differentiated altermative solutions
ad since the solution may not be previously knoan to the fimm
programing is necessarily incoplete.  Despite this, there is
substantial routinisation of problemistic search (Qert and March,

1953, p-8)). According to Cyert and March, 'rules for search ...
reflect sinple conogpts of causality. .. search is based inttially
on o sirple rules:

() search in the neighborhood of the problem synptan and

@) search in the neighborhood of the cunrent altermative'”

(153, p-121).
The organisation learms preferred maers and directios of search,
and only invokes more aompllex, distant or unfamiliar search rules
or pattems if the routinised search procedure is unsuooesssful
©prt and March (1963, pp-122 and 129)).

Therefore satisficing woulld appear to operate in a mamer
gopropriate o a third level system in the Baulding txomary.  This
reflects Qyert ad March™s empresis on the inportance of dhort nn
adgptation; "'s0 log as the enviroment of the fim is ustable @d
upredictzbly unstable), the heart of the theory nust be the proce
of short-run adgptive reectios” (1963, p-100).



Sine meny standard operating procecures™ are stzble in the short
run and direct and influence activities and decisions, they parallel
the role of structural arragements In haneostatic systars.  The
behaviaural theory may be interpreted as essentially based on third
leel models of corporate behaviour, albeit of a specialised ad
sohisticated reture.

This permits useful inferences 1o be dramn as to the contribu-
tion ad possible defects of behaviaural theory.  HFwe acogpt Vian
Bertalanffy™s claim that open system  gererally precedes the
develgarent of homeostatic mechenists, then the behavioural theory
concantrates on onlly one aspect of open system behaviaur, that of
secondary requlatory medrenisns utilising fixed structures ad
repoees. Yet i these are gererally onlly daracteristics of goen
systams and open system is a necessary condition for developrent of
satisficing mecheniats, we woulld exqpect fourth level nocels to be
necessary for a comprenansive and integrated develgamentt of
behaviaural theory; otherwise behavioural theory remairs a partial
and unsound framenork.  As Marris (1963) coments with respect to
the earlier satisficing mocels of March and Simnon (1988); The ldster
like behaviour of a "March and Simot™* model might welll be dosened
in the loner leveisof business organisatians, where the decision
rulles are necessarily rigid, but It is more difficult o Imegire
in a boarel of directors”(p.207).  This does not necessarily inply
replacing any of the conogpts of behavioural theory, sine as
Boulding points aut, larer level systars may be incorporated in
higher leels,ad by inference loner level models may be incorporated
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in higher mocels.  This pronpts two broed questians,  firstly what
addirtional organisation geerations and decisios would be expected
10 be associated with a move from a third to a fourth level
behaviaural model, and secondly how significant are these
geeratios and decisions for amalysis and interpretation of
tedrological dange and R & D in the fimP?

Both questions , will be discussed in the next depter.
The problem of what type of organisational behaviour might be of
conoem 1o an gpen system model is in fact a prime concem of
Asoff (195 (@),199). He idatifies the concem of Qert ad
March with repetiitive operating decisions ad suggests that strategic
cecisias, inwhich the firm autonamously orgenises, allocates
resources and anticipates enviromental effects, are of anucial
concem to a study of behaviour of fims.  OF particular interest
is his develgment of a strategic dscision,method which includes in
partiaular; monitoring the eviromeat for dages and searching
for attractive product goportunities; oconsideration of allocation of
resources between current gperations and possible future goportunities,
evaluation of conpetitive advantage, long term potenttial ,and
possible joint effects (syrergy) of goportunities; coping with
potentially antagonistic dojectives (Ansoff 1956 (@) ,p-D)-

Sore of these activities may be at lesst partially dealt with
by the behavicural theory of the firm.2 Houewer, the distinguishing
darecteristic of strategic decision is the autonomous orgenisation
and development of new products and markets (Ansoff1965 @), pp-100-101)
the fim itself is organising to affect and dage its eviromett,
rather then passively respoding to enviromental stimuli as a
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simple horecstatic system.  The devellopment of the conoept of
strategic decision may therefore be seen as cotributing to a fourth
level model of organisational behaviaur.

The role of strategy as a director and motivator of R &D is
also enphesised by Ansoff; “Strategic dage (i) a shift in the
product or service mix ... ax/or markets.... A key step in the
shift is the disoovery of a product-market idea.... Disoovery of
a novel product—market idea Is a creative act; the idea must be
either invented insice the fim (usually by R & D or marketing
departrents), or seardnedout iron anong goportunities”’, (1980, p.2D).
Of partiaular relevance is earlier coment on the inplications of
failure to develp strategy;

"'In the absence of strategy, there are o rules o guide the
search for new goportunities, both inside ad outside the fim.
Intermelly, the research and develgorent department hes no guiide-
lines for its cotribution W diversification. ... Thus the fimas
awhole either pessively vaits for ggportunities, or pursles a
"hdgot” search tedniqe)(196 (@),p-102).

This illustrates the problem of amalysis of R & D as orgenisa-
tional slack or distress imovation in behaviaural theory. Lhless
analysis of R & D and tedolagical imovation is carried aut in
the comtext of gpen systars nmocels of the fim, R & D presaits
savere diffiaulties for interpretation, since in the amsence of
strateyy it teds 1o be udirected or reective.  Treatment of
R &D as a third leel response to enviromattal dange costitutes
an unsatisfactory discriptian of such nonprogramed activity ,
typically characterised by log lead tines.  If R & D projects acted
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as prabllanistic search response to envirometal problers, then
aen if a satisfactory amsier to the original stinulus coulld be
fourd, enviromental dhange in the interim is lisble to inalidate
the derived solution.  Imovation, with its log gestation periad
ad original features requires orgenisation and plamning.
Quportunitiesand dhallengesnust be antiicipated, emphesising the
centrality of the open system concept of strategic formulation in
this areaL

As far as Penrose”™s amalysis is concermed,gereral system theory
maey also clarify the possible limitatios of the mocel.  There is
no active consiideration inthis approach of hew. much should be
allocated to search for new goportunities as goposed to aurrent
greratias; this is etirely dictated ad determined by operating
requiraretts. I current gperatios require danged levels of
resouraes, residual unused productive services are varied gooropriately.

In dort, as far as the formal mechanism for allocating
resouross 1o growvth gpportunities is aoncermed, the decision
seaord leel.  The enviroment does not affect the distribution of
resources between growth goportunities and gperations, this isent”  y
dictated by intermal operating requirenats.  In thisrespect the
fim gperates as a closed systam, and to the extent that R & D may
be daracterised as search for grewth gyortunities, it will hae
the inplicit features of potential winerability and instability
suested earlier.

Yet Penrese does enphesiise the inportance of ability
atticipate ad prepare for danges in eviroment (see p.*H
114), and identifies quality of manegement as ancial.



“at the very lesst we have to assue that the firm is eager and
willing to find gpportunities ad is not hindered in acting on them
by "dromally” incompetent mregement. In other words the farms with
which we shall be concermed ar;0 enmterprising and possess aopetent
meregament; our analysis of the processes, possibilities and direction
of gronth proceeds on the assunption that these qualities are present
in the fim!’, p.32.

In effect this means the firm is assured o have the imate
ability to perceive and gererate grovth goportunities through its
menegerial resources, in effect to act as an gpen systam.  Yet this
informal description of a well managed fim is not reflected in
Penrose™s formal specification of the mechanism whergby resources
are allocated; the enviroment plays no part in this proosss.

This suggests an incosistancy in the nockel; the fim is a
closad system for the purposes of allocating resources between groath
ad geerations, yet becaomes an open system ace the allocation is
mede. This is not inpossible but it is an unconvincing formulation of
the mocel; 1f management is ' eager’’, "'aompetent’” and consciaus of
the Importance of enviroment, we would expect allocation of resources
1o growth gpportunities o be resposive to enviromental coditions.
This is essential if the fim is 1o be specified as a fully open
Systam.

That the modem corporation does in fact gererally geerate as
a fully open system is a cantral argumentt of the next depter, ad
evidace is presented in sypgport of steble manegerial preferences fo
R &D inparticular. We shall also identify the specific features of
geen systam organisation that will be further consiidered in tre



process of mocel building in depter 5. In doing <o, the tentative
arclusios reached so far will be related to description of how the
modem corporation is typically adninistered.

Sumary
Application of the neoclassical theory of the firm and related

project based stodestic gproades have been of limited and indeed
questioneble utility in the area of tedrological change. The hichly
oopllex and uncertain process of gererating tedholagical imovation

inolhves aonoepts and tedmniiques alien to the specialised knonledge ad
training of econmists, as well as directly contradicting besic
assunptiaos on which rational econamic nocels are buikt.

Subseqent development of theories of the firm by Qert and
March, and Perose, present rather different vieas of the fimas
a arstruct  fraa those of the above goproedes.  Aggregatiion of
vorthwhile projects is no longer automatical ly the means by which
allocations to fuctions are derived.  Slb-units are recognised to
have identity in their o rigit in the behavioural theory, and in
Penrose™s model residual menegerial services provice the source
of goportunities for grovth.  Both goproedhes identify systanic
properties of corporate behaviiour beyond that of the project, and
introclice concepts whiich willl be utillisad” in dhepter 5 in develloping
a mooel of corporate behaviaur.

Yet both the behavioural and Penrosian approedes gopear to only
partially describe the process by which corporate behaviaur is deter—
mined.  In particular the celiberate and widespread practice of fims
1o allocate fuds to the search for new strategies and techrological
inovatios is not adequately explained by such theoriies. Using a
gereral systars taxonany fecilitates eplanation of the source
neglect, the failure totreat the fim as a fully open systam.



S, for eaple, Blaug (1963), Fellner (196) ad Salter(1960).-

Nelsn, Pedk and Kallachek (1967,pp-27-43,especially p.34 n)
conduct amalysis of tedrological dange activity In tems of
syply and demard for inventdon.

For an exarple of how one eminent economist™s work in this area
hes developed anay fran the  neoclassical theory of the firm, see
R.R-Nelson (190 @ ad 1972).  In his earlier work Nelson
described a ratioally planed invetive effort as inplying an
esss of eqected revene over aost, whille recognising the
uncertainties typically foud at "te besic research end of the
sale. Recently, hovever (1972), he hes suggested that the
formal, dojectively rational, neoclassical theory fim is
incgpeble of adequately dealing with the prablems of R & D ad
imovation.

. Messures of "invertive activity'' are more essily dotained then
meesures of propasity o imovate dee to the availability of

patent statistics.

Article with Osnald Broanlee.

Sdmookler does recognise the difficulties of referring speci-
fically to determirate demverd aunves (1966 p.184) but tends to
uderstate the significance of ucertainty.

. Stachrd Industriial Classification (S.1.C.)

The work of Kermeth Arrow is emhesised in this section, partly
d.e to his position as a leading theorist in daasmn—rrdarg under
uncertainty, but also as a consequence of his attanpts to relate
such amalysis directly to prablems of tedhrolagical dace.

. Enpresis adkd.

. Manshield also interprets R & D as an activity aimed at reducing
uncertainties (s 1971, p.9).

By igorance is meant uanareness, or sinply lack of knovledoe.

‘Umertag' r'es two pos:3|ble sources, not onlly random variation

but also Iack of knovledge concemiing the possible states of®
rature or the distribution over the state space reqectively .

I-(gf\alﬁ)r in the limiting case of perfect absence of knonlede or
possible states of the world in a particular class (oure igorane)

uncertainty in the sense referred to above by Anrow ceeses to be
gplicable.

Sackle (190 this point ly
"“Wrat |s(m/e)l I?;ls |serl?/ mstrcrgm which it is I(gl—
cally inpossible any statistical eqerience to exist .

.100).
v&?ile )It might be comtended that novelty shauld be interpreted
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& a relative rather than absolute tem in the comtext of
imovation, Sheckle™s critician is suggestive of the difficulties
inolhved in interpreting R & D as risky activity.

Arrow does recognise the "fudamental paradoX” in the determ-
ination of demand for infomatiov/inention;

"1ts value for the purdheser is ot knoan untill he has the
information but then he hes in effect aocguired It without
ast’. (192 p.615)

Arrow does that action be decided on the beasis of
the average value of Infomatiovinvertion as a class in the

pest, which if fessible, would by Inplication provide a besis
for an dojectively ratioal theory.

See Oyert and March (1983) p-36-8, for a full discussion of the
rature of organisatioal sladk.

For Qyert and March™s fulll set of goerational goals, see p.HI-3.

Strategy here is interpreted in the sare sense as used by Ansoff
(%5 @ )- He states;

"We use the term strategic to mean “pertaining to the relation
between the firm ad its eviramait™, p*18 n.

Ansof T points out that Cyert and March only concem themselves
wirth a limited class of decision, gperating decisions, ad
igore strategic decision.

Ansof T nes gperating decisias aress of
allocatlcn (bubeting) among functional aress and product
lires, scheduling of qoeraucrs, supervision of performen
aoolying control actios. "' (196 @),p-18)

Search is "sinple minded” in Qyert ad March™s . similar
or "rear” solutions being preferred (p.121-2). -
erentiation of product would terd to be ®

ad take a shorter time to develgp, then nore nojeland radical
inoatios. Honever, this woulld not be intermpretedas ™ D
in the N.S.F. categ)risatim; develggent w * is o t remed
with converting research findings inmto actual p »

wirth differentiating an alreedy existing p

Netional Science Foundation (1973 ()*p»l 7/

"the "satisficing” mocel .... seams Incosistat witttte
practice of highly profitable fims ~continue to <
ale R &D; It does not adequatelymocel ~ s w r t ¢ n

or the "ssarch” seree the looking o other fims A t seams to”
dBI’ECtEI’IZB "diffusion™ proossses, ad It seans unable to acocountt
for "mgjorl imovation.” Q\elson (1973) p.

See Asoff (1956 (@), p.18-2)

Shubik (1970'1,%419 describes Qert ) i
phrased as ' ioural teoryof* efj-™"article
i meaérﬂ iSinglheydélhenoit-—I Sct A

in itle sugoests i eqect

the terminal point of theoretical NN

at the presat time it is still as the definitive text.

It
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This interpretation of resource will be utilised in subseguent
analysis.

Only limited evidence hes been presented so far to suggest that
R &D allocatios are relatively stable.  This will be discussed
further in the next dgpter.

Stnuli, is intemreted as the set of actians which may be report-
ed as autonomous fram the point of view of analysis.

is intempretable as pre-progranmedreaction on the part of a
system or systens.

The gpen systam is often defined as engeging in exdanges with
its ewviromats, and copared in this respect to closed systans
(==, for eample, Brery and Trist (199)) ). However, this
tas o dosaure the nore suotde, but ly inportant, dis-
tinction between gfemetic ad open systens.

e are restricting systen definitionto analysis ad reorganis-
ation of infomation. It is of course possible to interpret
all business eterprises as by definition being ogpen systens

in 0 far as they aotinuously inport and exqoort neterials,
resources and goods fram their enviroments. Honever restriiction
of system definition t infomational leels will fecilitate

subsequent analysis.

. This may account for the confusion over the status of “ernetic
sstas. For eaple Kast and Roseraweilg  (1970,p.102) describe

Boulding™s third (horecstatic) level as closad systam, while

Buddey (1968,p.40) _is typical of a nurber of other inter”

pretations which describe homecstatic system as

Van Bertalanffy"s amalysis suggests that horeostatic

ad sub-systars are daracteristics of goen

is accepted as describing their status in iso i
systars, itnayexplainr%e source of the ion, kmergstati
systars aloe do not fully define gpen systars g vy

are typically integral features of nature qaen’systers.

Prablemistic search differs in other respects fran rymal homeo-
static respose. . For eanple, the gereration corrective
responses is typically a continuous process in nf the
CS}/stems, while_in the former case correction is vy

1scovery of discrete solutions;  indivisibility
a feature of lemistic search autput. ey
be terminated on ion of what is expected to be ,
quate solution (Qert ad March (1963),p.1% ), andconsequeny
anticipated future behaviour of the systemmay N sufficiat to
teminate search, whille in normal hareostatic sy
s (e.g- fumece goeratios) are necessary t
operations of the haneostatic medraniam.

. See Qyert and March (1965,pp-101 - 13) for a discussion ad
description of standard operating proocedures.

For example "'aoping with potenttially antagonistic obj tives'
might be dealt with by medhanists invohved in g
anflict’ (s Oert ad March, p.U.6-18). *giscase,
sequential attention to dojectives might be an goenati
mears of handling potertial confllict.
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CGHAPTER U
Industrial Research and Developrent at Functioal Leel in
the Modem Corporation
e have already utilised gereral systens conoepts to analyse sore
definitive features of theoretical goproedes of tedrological
dae. The idea of gpen systemwes suggested as a necessary aostruct
for amalysis of strategic dhange and proved useful for provisional
classification of behavioural and Penrosian theories.
In this dgpter the significance of strategic dage In modem
comorate behaviour is disoussad in relation to enviromental develgents. The
awlution of modem multi-divisional corporate structure is amalysed partly in
tams of increased need for institutionalising the formulation of
strategicdae, and the creation of R & D departments is seen as an
eamle of this response.  Later in the depter,R & D sub-systars
are eanined in the light of the sub-system hierarchy suggested in
dgpter 2; the dharacteristics identified will prove useful in
dhepter 7 when the possible determinantsof besic research activity
are eanired.
From the arguments of the last depter, 1o the extent that strategic

dae is an inportant concem of fims, the fim must be regard
& an qgoen system and modified acoordingly.  Bouldings taxonany
hes proved useful inprovidinga brief introductory descriiption
typss of systars including goen systans; hovever, the behaviour
geen systans in particular may be analysed nore deeply in tems
a nurber of characteristics which fecilitate analysis and exploration
of gpen systam behaviour.  In particular,Katz and Kan (1986 p.19
develap the work of Von Bertalanffy and firom his analysis
systars identify nine daracteristics which gppear to defin
gen sstas. The first four daracteristics are inut; throughout;
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autput;and the oclic rature of evertts In systars. The fifth
daracteristic is that of negative entropy)  Katfc and Kahn state

that, "The enropy  process is a ininversal part of nature in which

all foms of organisation move tonards disorganisation or death.

The gpen system, honever by importing nore energy from its enviroment
then it eads, can store energy and acouire negative ettrgoy, "1
©-2).

These five daracteristics constitute besic features of goen
sstEm.  Hoever, it is with the rather nore subtle behavioural inplicatios
of the faur, relatively aomplex, remining daracteristics of negative
feedheck, steady state, differentiation and equifinality that goen
systans analysis provides guicelines for study of corporate behaviour
ad develgoment of potentially useful nocels.  The applicebility of
each willl be disoussed in the context of gopropriiate descriiption of
corporate organisation and behaviour in this and the next dgpter.

We will begin by looking at the historical development of the
coporation.
The Bwolution of the Modem Corporation

During the course of the twerttieth century, the adhninistration
of the modem industriial firmhes udergore radical dee.  There
have been substantial quantitative dages In industrial orgenisation
with a tendency tonards incressing size of corporations ad also
concentration of industrial activity in a diminishing nurber of
corporations2.  Industrial production hes become domiinated by
rurerically few corporatios, ad It is with respect to the conduct
and behaviour of these large institutions that attention must be
foossed ifindstrial activity is 1o be analysed.

These darges have been accatpenied by  qualitative dages in
corporation mregarent.  Whille gereralisations nust be heavily
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qelified, it is possible to identify distinctive trends in tre
develgarent of novel adninistrative structures8"™ processes.  Certain
factors and influences are discemible as being particularly
inAuential and decisive with respect to adhinistrative evolution.
Chardller (1962)3 describes the typical industrial enterprise
in the U.S. before 1850 as being very srall with little need for a
full-time organiser or clearly defined adninistrative structure.
Routire activities (bwyirg, selling, sypervision of goerations) tended
1o ke their main preccoupation, long-term plans or decisians being
rarely required ([p. 2-23). However, the rapid gronth of the railvway
systam in the latter half of the nineteenth catury greatly expanded
the potential market for goods and services and both fecilitated ad
necessitated that fims extend and subdivide their geeratias.  This
eqpansion required new manegerial skillls of co-ordination, evaluation
ad plaming of the specialised fuctions (Gradler, p.Z7). By the
end of the century, there had develloped numerous large privately
omned firms typically gperating in a single product or narket area such
as mining, neat—packing and steel. They tended to be orgenised on a
nultifunctional besis in which there wes a series of specialised sb-
winits, such as rarketing, production, purdesing ad sales. These
private enterprises were frequently vertical ly integrated with divisioal
co-ordination directed fran a central head office.  The begiming
of the twerttieth certury saw widespread adoption of unitary, centralised,
functionally departmentalised orgenisation (Grerdller, p.27 5)).  This
is defined as unitary or U-form orgenisation (sse figure 4.1 belan).
The develgoment of large and adhinistratively camplex orgenisatios
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begen to Increase the responsibility and poner of professional
meregarent.  The diffusion of awnership of corporations further
reroved direct control of oarers over corporation menegement. ¥
Were before the individual entreprereur tended to be identified
wirth the maregement of the enterprise, the digpersion °fF owership
through thousands of shardholders die 1o the growth of fimss
incressingly devolved porer to those invohved in the day to day
runing of the corporation.  Growth of corporations tended to areate
new adhinistrative problems requiring continuous and professional
manegerial skills for their soludan.”

Honever, growth could take different foms, and the form of
gronth dictated the degree and type of adninistrative problens.
Growth might result firan expansion of the finms existing lires to
the se type of asstorers, or fram a search for new markets ad
saurces of supplies, or firally fran the goening of new markets
throuch diversification.  Sinple expansion of existing markets
brought minimal qualitative dange in adninistrative prablars, ad
these Industries tended to be still adninistered through the U form,
or centrallised, functionally departmentalisad orgenisational structure.

This sinple, extrgpolative grovth avoided a fundemental
weakness of the U-fam. A few maregers were effectively resposible

7

for the major decisions which menegamant of the overall enterprise
required.  Since their experience and knomedge terd o be restricted
10 a single functional activity ad problem area, their ability to
deal with carplex problers tended to be contrained to these boudances.
As lag as familiar problems had 1o be dealt with through this sinple
eqansion of existing products ,this wes not critical, hovever if
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Unitary form

Multi-division form

Figure 4.1



. 4.6 .
gronth required verituring into new aress, particularly in terms of
markets, then wilnerability of the centralised U-form orgenisational
structure o the increasing conpllexity of decision meking required ,
becare guoarent.  Diversification increased the nurber”, caomplexity
ad unfamiliarity of both operational and strategic decision nmeking, meking
systamatic co-ordination of activities an extrarely coplex ad
difficult task and creating a great strain on the limited poner of
existing U-form structures to oope with the sitation.  (Crardller
p-50-53).

The nulti-divisional or M-form organisation structure (see
figure 4.1 aowe) wes introduced to provide a decertralised solution
to tre increasingly complex prablem of organising highly diversified
fims, a nurber of fims instigating the new organisatioal structure
in the 1920"s in the United States. In the Mfam, a gereral office
oco-ordinates, evaluates, fomulates strategies and allocates resources
o a nurber of quesi-autonomous divisions.  Each division adninisters
a mgjor product or geographical area, with a catral office
adhninistering a nunber of departmants which geerate on a fuctioal
besis similar to that of the U-form. At the lonest leel, field
uits (randes, plats or works) are responsible to departments,
Cereral office is thus free 1o concentrate on broed strategic
decisiansof concem 1o the whole enterprise, vhile the loner leels
of the organisation are mere concermed with operational and nunor
strategic resposibilities (Gandler p. 11-13).  Gereral office still
axsists of a few crucial decisioHmakers who are responsible for the
requllation and gereral direction of the enterprise; hovever, while
a seree still specialists dealing with a limited range of problars,
their specialist resposibility and psydological comitment is
respect to the broad renge of strategic, log termplans ad decisias
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pertaining to organisational darge and develgament.  They are a grap
of "gereralists’ (Crandler p.333) and in fact might be described as
gecialist gereralists, freed fran the routire, gperating decisians
required at loner leels. Borer (1970, p.190) describes this as
inwlving the creation of a "hew order of acoplexity’ in the
administration of the corporation, the  hierarchical orgenisation of
the corporation being further elaborated from the U-form.

The M-form development. fecilitated transfer of resources to
profitable arees, creation ad  temination of divisions,ad the
selection of the most ablle manegers. It also encouraged intra=fim
aompetition for resources between divisioal meregers as well as
market conpetition, sine aterprise resources were allocated on the
besis of neasurable performence (Chearmon 1973, p4). The M form
aonstituted a rationalisation of the orgenisation of the business
fimand institutionalised active cosideration of strategic date.
The fim attenpts to Inpose dage on its eviromeatt  rather then
sinply predicting and reecting to enviromental derge.s This may
be interpreted in terms of attenpting 1o establish a "negotiated
enviroment”® (Cyert and March (1983) . 119-0); "Father then
treat the enviroment as exogenous and to be predicted (Aims) sask
veys 1o meke it controlleble” (Q.1).

The large modem fim is therefore typically highly diversified
ad uses the M-form organisational structure.10  Strategic decision
is integrated as a recognised and institutioalised feature of
corporate action.  The firm can no loger be sinply regarded as the
merufacturer of a class of products, since In the M-form It becares
the \ehicle for strategic denge ad developrent of imovations ,



- U.8 -
(Sdon 1971, pp.63-4).

Honever such developments also contrributed tonards qualitative
danges in eviroment. \What is systemic dage in ae frare of
reference becares enviromertal dange in aother.  Coplex ad
dynamic enviroments or "'turbulent fields® (Erery and Trist 1965)
have becore features of contemporary organisatioral concem.
Terreberry (1983) sugests that such develaprent effectively
precludes log range plaming ad strategy; the enviroment becores
inherently uncertain when turbulent fields develop, creating grest,
iT not insyperable difficulties for rational decision making ad
effectively inhibiting the usefulness of log-term strategy.

In those circunstancss the abilliity to effect log-term
strategic dange hes been extensively questioned.  March ad Sinon
(193, p.-176-77) and Cyert and March (1963, ch.6 especially)
incorporate satisficing mechanian as heuristic means of agping with
adjustment to enviromeant, rather then plamning dange in aplex,
uncertain cironstances.  Lindblan (1989), and Braybrooke ad
Lindblan (1963) suggest that "disjoirted increrentalist’, or
development of consensus policy to compllex prablers through a
series of goproxinative solutions, is not only a prevalent form of
decision meking, but also relevant ad realistic. Jantsch (1938)
recomends that develgment of tedhrollagiical dhenge should be an
iterative adgptive process, in the face of uncartainty as 1o
techrolagical and enviromental futures. Loasby (1967) points aut
the dager of comitment t© log tem plans in conditions of rapid
dage In ucertain eviroments.  All these are cosistant with
the rationale of Cyert and Marchsmodel described earlier, that in
ustable and uncertain enviroments theoretical developrent of
models must be based on short run adgptive reectios (1963, p-100 1).



IT strategic decision meking is effectively eliminated by
turbulent enviroments, there would be a deep irony in the fact
that a central justification for creation of M-form orgenisations
in the first place (fecilitation of strategy through sgparation of
strategic and gperating decision neking) is tself a mgjor
aontributory factor 1o the creation of turbulent fields. Yet
Ansoff (1930, p.-1D) dissets from the consensus view of decision
meking in turbulent enviroment; ''Since the early 1950°s,
oconfroted with the growing variability of the business eviramatt,
business meregers have become incressingly concermed wirth finding
rational and foresightful ways of adjusting to and exploiting
enviromettal dage.  Out of this concem grew practical manegement
goproedhes and systars, as well as an incressing understanding of
the prabllem of the relationship between the fim ad its
eviroments''.

Schon (1971, dh. ) syports this view of the incressing
inportance of strategy and identifies this with the widespread
adoption of the M-form after world war Il (p.50-64). Case studies
of highly diversified fims also tend to enpresise the inportance
of active formulation and Inplementation of strateyy.

In fact, dissgreement over the .cotenporary relevence ad
effectiveress of comporate strategy s not as substatial as migtt
first gppear o be the case.  There is no dobt that ustable
enviroments increase the potential utility of anticipating
envirometal change and plaming future actions; If eviromental
daxe is slov or infrequent, lagged reaction to enviromental
stimuli may be sufficient to maintain corporation viebility ad
esure survinval.  Honvever, in dyramic and rapidly daging
enviroments, lagged reaction may 1Ot be sufficient to permit tre
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fim to keep pace with developrents ; respose to danging ciranstances
mey involve a significant tine lag especially if radical imovation
is required, by which time ciraurstances may have changed again
rencering the response redundant or irggorgpriate.  In such
ciraustances anticipatory and autononous develgorent of strategic
action may be desirable.12 Further, few analysts would disagree
that instability and rapid dange in eviromental parareters create
sare diffiaulties in fomulating and inplerenting strategic dange
which do not exist in stable conditions 13

Consequently, in tines of rapid enviromental denge te
incressad need for strategy tends to be paralleled by incressed
diffiaulties in effective develogorent and goplication of strategy.
To a substattial extatt, the controversy over whether  strategy
fomulation or achptive respose aostitutes the prevalent or
goprgpriate coporate action revolves aroud disagreemantt over the
relative significance of these isses. While the inportance of such
disagresrent should not be udkrstate! it may be helpful to refomulate
the prabllem to foas on the more gereral cosideration of how the
noctem corporation hes evwolved in tems of Its relatios with its
eviroment; strategy tends to be gererally interpreted as referring
to specific prablens and imovations, and as wes shewn in the previos
dapters, the prevalence of uncertainty may mitigate against ratiomal
analysis of individual decision or plans.  While decision meking for
strategic purposes aostitutes a very inmportant area in analysing
resource allocation for tedrological dage, whether conducted by
inturtve, rational, or other mearns, we shall suggest that such aconcem
rey be a prablem for lorer-level analysis of corporate decision
meking. We sall suggest that it s possible to interpret the
corporation in terms of a hierardy of decisioHmeking leels, ad
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that the prablems of specific strategies may be subsumed into a
lorer order of conoem then that of the R & D budget decision.  This
is the concem of the reminder of the depter, ad we shall start
by suggesting how the organisation may be interpreted as a hierarch-
ical system.

The Firm and its Enviroment - Bwolution of Orgenisational Hierarchy

Acoording to Sinon (1986) "Large organisatians are almost
universally hierarchical in stucture.  That is to say, they are
divided into units which are subdivided into smaller wnits, which are,
in tum, sudivided, ad so . They are also gererally
hierarchical in inposing on this system of suooessive partitionings
a pyramidal authority struicture.”” (p.99) Thus,orgenisatios
typically exibit the inportant systens daracteristic of hierardy,
identified earlier.

OF partiacular relevace also is Simns description of
organisational structure of decisiaHTEKINg "an organisation can be
pictured as a three-layered cae.  In the bottom layer, we have the
besic work processes - iIn the case of a merufacturing orgenisation,
the processes that procure raw naterials, manufecture the physical
prodct, warehouse it, and ship it.  In the middle laer, we hae
the programmed decision-meking prooesses, the processes that govern
the day-to-day gperation of the menufacturing and distributive systen.
In the tp layer, we have the nonrograraneddecision-reking processes,
the processes that are required to desiign and racksignthe entire
system to provide it with its besic goals and dojectives, and
nonitor its performance” (1956, p-B).

Honever, formal structuring of menegeriial decision making wes
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typically absent in the early days of industrial fims, described by
Cedler.  The entrepreneurs concermed themselves wirth all sectios
of their business, and as a result foud themrselves sperding the
bulk of this tire in fuctioal activities. Chandler specifically
identifies two activities; @ supervision of goeratios, which
effectively involves management of seocond level activities in Bouldings
oy ) buying and selling; programed decisios involving routire,
repetitive gperations.  Whille Chandller does not disauss the medhenics
of purdesing materials and distributing goods, such activity may be
progranmed using third level medenisrs.  Long term plaining and non-
programed decision (fourth level activities)were not a regular
consideration of ertrepreneurs.

The U-form reorientates the decisions udertaken by allocating
decisioHmeking by hierarchical leels. Routine second level gperatios
becare the responsibility of sypervisors in respective fuctios, while
menegers becare responsible for interfunctional co-ordiration as heeds
of functicral divisions (Williarson 1970, p.19).  Interfunctional
co-ordiration and also overall etterprise direction is the resporsibility
of catral office. (Williamson 1970, p.18 and 111). Maregerial sb-
systans are thus created in an overall hierarchy with specialisation
of responsibility in decisioHeking.  While co-ordination of the
intermal enviroment of the fimmay require oocasioal unprogramed
decisioHeking by a menegerial sb-systam, the intermal goeratios
of the firm are uder the control of manegenent to a large degree, and
consequently decisiaHmeking in a mature fimm by a maregerial slb-
systen is typically highly programed third leel activity, such &s is
earplified by mregarent by exceptioor variance aalysis. =



Programed decision-meking tedniques such as standard econamic
analysis and geerations research may allso be utillisedto deal with
routire problans conceming intermal allocation or resources. =
Hwever, strategy is gererally the responsibility of central office,
with functional heeds operating as advisers or advocates.

Conseauently functional heeds are mainly concermed with third
leel medenists for conrol of intemal eviroments  with sore
faurth leel activity, while cettral office concems itself with
strategy (fourth level activity) and interfunctioral co-ordination
(third ad fourth activity).  Camplexity of decisionneking increases
progressively wp the manegerial hierardy. The higher leels of
meneganent are typically conoermed with higher lewvels of decision
neking.

Honever, even this hierarchial arrangament wes not sufficient.
Bgasion of the U-fam, especial ly through diversification created
prablems for central office; gperating decisios began to demard more
ad more time of the scarce resouroes of certtral office.  Creation
of a further rung in the hierarchy through develgment of the M-
form permitted the highest menegerial sub-system to concentrate on
the anucial fourth level strategic problemsyhile co-ordinating
overall aontrol of the enterprise, typically through lorer level
decfbiors. 1/

Thus the development of the corporatiion hes been directed
tonards incressing specialisation of the top menegerial sb system
ad higher lewel decisioreking.  In the early days, the entreprereur
wes mostly concermed with second and third level gperations ad
decisionsyith ooccasioal fourth level decisias.  The intended
orientation of senior management in the U-formwes third and fourth
lewel decision, though increased derends from operating problers
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resulted in fourth level decision being gradually "'squeezed aut’® of
te systan.  The senior manegement of the modem M-form are mostly
aoncermed with fourth level decision with attention also being paid

to third lewel decision.  This is of crucial inportance, since as we
hae seen, the behaviaural theory of the firm is primarily concermed
with third level model-building.  As we would expect firom the
argurent of dhapter 3 it is therefore incapeble of modelling adequately
the decision making process of the top managerial slb-system.  This
problenwi Il be the concem of the next depter.

Before going on to lock at the nature and organisation of R & D
in the modem corporation, it may be a useful Introduction to
ephesise the process whereby the M-form orgenisation developed. A
central feature of this developrent, the elaboration of hierarchical
organisation may be attributed to two camplemertary sources:

@ ratural differentiation 3: differentiation is a property of open
systars in which the gpen system ewolves fran a gereral ad
homogeneous state o one of increasing seecialisation and hierarchical
ater. The develgament of programed regulatory mechanian (third
leel systems) is a feature of differentiation in biologica- ad
social systens. 20 The develgoment of manegement: hierarchy, from
diffuse unstructured entrepreneurial activity in the nineteenth
century through the U-form to the highly structured M-form
illustrates the process of differentiation; () eviromental denge:
Tre development of turbulent fields and repid enviromental dage
hes necessitated that top menagement should be free to consider

strategic action.  The M-form developrent wes catalysed by the
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prablers of dealing with enviromental problems in the U-form.

Hovever, differentiation involved qalitative dages in the
way that decision-meking was organised and orientated as well as
fecilitating certain types of decisioHeking. A feature of this
proosss was an incressing tendency to treat techrological dange as
endogenous phenomera. cgpeblle of manegement and incorporation in the
fim. The institutionalisation of techrological date is new a
feature of modem corporations, and it is this deelgmatt in the
aontext of the differentiation of corporate hierardy which is of
prime importance in comterporary amalysis of corporate behaviour and
dae.
The R & D Function ad the Institutioralisation of Tedrolagical CGhange

The pace of tedrological dange in the nineteartth century tended
1o ke dictated by individual inentors and peroeptive entrepreneurs
who appreciated the goportunities offered by a nowel idea.  Althouch
in a nunber of cases there was co-gperative develgent of inerttion
by a srall informal tean, the individualistic role of the entreprereur
in that period tends to find a parallel in that of the in,erllnr.21
Invention tended to be exogereaus o the fim, but with the develgoent
of the nultifunctional fim, interest in developing IMovatios within
the cormporation increesed, and scientists and tedrologists begen
to ke employed in this caecity.  However, in an aalysis of the
historical develogrent of industrial R & D, Sanderson (1972, p-139)
points out that there was only limited develogament of "'in house™”
R & D before 1914, the burden of discovery still resting on the
individlal inventor and such contact that he ooulld establish with
universities and wirthin his own fim.

Sanderson idatifies this as a trasitioal stage.  The rise
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of the research department within the firm in the 1920"s and 1930"s
rot only dhanged thiis by bringing inention into the fim, divoroed
fran the person  of the entrepreareur; It also created a new situation
whereby new developments care not o much iron ane firm or ae
research team as from the aunulative advance of knovledge through
the interaction of many of them together’”, (P.139) Thus widespread
institutionalisation of R & D ooincided with the development of
M-form organisational structures; fron Sandersons  interpretation it
also gopears to have significantly contributed t© the subsequent
developrent: of turbullent fields. %

Honever, in another historical amalysis of the develgarent of
R & D laboratories, Fusfield (1975, p.13) identifies four stages of
develogrent of industrial R & D after 1930.  During the first phase
in the 1930"s, the main foaus of research manegaments attention wes
insice the laboratory, Its main concem being with efficient
maregementt of research fuds. The secod phese developed in the
1950"s, thouth sole evidence suggests it wes begiming to stir before
then; this might be termed the integrative phese, in which the inter-
action of the R & D function with other parts of the organisation
begen 1o be emphesised.  The third phese develgped in the 1990 s in
which attention began to be fooused on the inpect of the enviroment
on industrial research and vicenersa.  Fusfield also idantifies a
notiomal erbryo fourth stage in which not anly the enviroment
industrial research becares of inportance, but also the question
the kind of society in which private enterprise can exist.

Therefore R & D has beame an institutionalised and integrated
sector of corporate activity. However, it hes also develgped both
the coplexity of its relatios with the rest of the fimand t
extermal enviroment, and progressively extended the degree of
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ceiinesof those relations.  Althouch R & D becare intermalised in
the corporation during the course of the wentieth cattury, initially
there was minimal coupling between R & D ad iIts en\/irmTent.23 The
integration of R & D in the fimwes increesed through inproved intra-
fim coupling in the post war periad, whille latterly there hes been
evidence of incressing coupling between R & D and its exterral erviromant
Typically R &D is organised on an auxiliary department basis
within the Mform. It acts as a service department to catral office
ad thus s directly resposible to the office in darge of strategic
plamiing without having to go through divisiosal heeds. Marris
971, p.-2i6-77) coments that whille same R & D activity may be
organised on a divisional besis, it is fudamretal to the nature of
R &D that it is likely to lead o theestablisent of new operating
divisions, and consequently tends to be orgenised on a separate, fuc-
tioal besis. This is illustrated in figure 4.1.  Marris uses the
term "trascendent’” to descriibe M-form corporations which perceive
the possibility of daging their eviromenty inplication, open
systens).  "Deelgment” corsists of conventional R & D ad other
strategies related to diversification or merger. Marris™s model descriibes
open-system M-form behaviour inwhich R &D is a high leel activity.
Chandler in fact identifies the institutionalisation of
diversification as being the consequence of the formation of a
gereral office in the M-form and the develgomet of anR & D d part
ment.  He points out that science besed industries have iIn-
cressingly orientated strategy tonards developing products o
esure profitable use of resouross that are incressingly tedrology
rather than product besed.  The R & D department develgos and anallyses
new products, whille exeautives in gen eral office are free to

concentrate on whether the new product prospects and use of resources
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Justfy production.  Gereral office also decides whether production
ad sales can be handled through an existing division or whether a
rew division should be created (Crerdler, p.490).  Inmatters of
strategy involving a great deal of resource camitmentt, R & D heads
wally act in an advisory rather then an executive cgoecity (see
Cerdler, p.130-31, 34, 32-63, 36 ad 40).

Thus the development of R & D as a specialisd, integrated
fuction in the industrial corporation hes been conplerentary to the
widespread adoption of the highly structured and functionally
differentiated M-form.  The develgoment of turbulent fields has been
both a consequence of such develgorents and a catalyst for further
awlution of tre R & D function and M-form orgenisations.  Research
ad develgomett is a prime originator of strategic dage in the
fim; if the post war development of turbulent fields in industry
gererally hed created insuyperable diffiaulties for the fomulation
of strategy by the top manegerial decision meking slb-systens, we
would expect to find that grosth of industrrial R & D would have been
irhibited and even reversed by the existence of such dynamic and
uncertain eviromats. In fact the nurber of full-time equivallent
scigttists and engineers enployed inR & D in U.S. industry increased
steedily 1o a pesk of 387,100 in 199 after which the total nunbers
-aployed began to declire. (NS.F. 1973 @) p-14, table Q).
Houever, whille enviromental danges did prompt the reduction inR &D
staff, the danges were mainly due to reduction in sygport fram
Federal defence and space programes in industry as vell as elsanhe
Q(.SF. 1973 @), p-12). Total fuds for industrial R & D measured
in aurentt dollars also increesed Wp to 198, at an average rate of
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9 7% per annum from 1963 to 19685, thenareduced rate of 1.68)6 fram
19565 1o 198, before declining in 190 (\.S.F. 1972 (), p-5)-
Honvever, whille the ratio of total industrial spedingon R & D o
ret sales declined steadily from the peak year of 1954 due to restriction
of Federal financing of industrial R & D, conpenies own fus for
R & D as a peroentage of sales increased steedily ffan 1657 (1.8/6)
© 190 @20 (SF. 1972 O, p-D-

Therefore, whille dynamic and uncertain enviroments are a
feature of the context in which postwar strategic decision-neking
in corporatios is typically set, and vwhile develgment of R & D
would itself be expected to contribute to the degree of turbulence
of those fields, industrial corporations had tended to increase their
inoheanent in this area rather then restriict R & D spading as a
reection t turbulence of enviroment.  Whille turbulence may affect
the formulation of R & D strategy, it is dovious from the growth of
R & D sperding that it has not preverited the corporation fram
incressingly relying on techrological imovation as an active source
of strategy gptions, and indeed we woulld eqpect that this reliance
may increese through turbulence even though the conpllexity of the
problem may allso be megnified. Qpen system decision neking and
plaming is a feature of the modem firm, and in the cottext of
turbulence Its absence tends to create myopiia and consequent
wilrerability t unanticipated danges in enviroment, inperilling
the survival of the corporation.

In the structurally differentiated fim R & D therefore tends
10 becare institutionalised as an axiliary slb-system.  Honever,
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institutionalisation itself danges the daracter of R & D activity;
R&D as a fuction is a menifestly different conogpt fromR & D
projects. R & D function ijipliesthe continuing existence ad
amployment of durable resources - plant, mechinery, researders,
tednicias, etc. On the other hard, at least iIn retrogpect,an

R &D project iy be regarded as a series of gperations or acts,

the progression of which may be amallysed by reference to the information
gererated at each phese or stage of the project.  Resources,
individually or in anbiration, cotribute in varying degress to the
project develgamenit.  Honvever, whille the R & D function in the
corporation may be effectively distinguished from other fuctions

ad specified by reference to the resouross eployed, the defining
dharecteristic of the R & D project is informatioal.  The effect of
resourass on the R & D project is measured by cotribution to
derivation of infomation at each stage.  As was erphesised in

dgpter 1 such effects are by definition transitory and nonepetitive
cregting uawoidsble uncertainty and prablens for rational decision
nekirg.

Yet the institutionalisation of R & D constitutes a radical
re-orientation of the foous of the M-fom.  In this latter respect,
Boner was earlier quoted as describing the M-form imovation as
creating a "new order of coplexity’” in the fim.  Ina sase, the
ooposite s tne; essentially both the M-form and iinstitutionalisat”
of R & D do not create aoplexity, but adgpt to its existence.  Both
might be regarded as creating a new order in anplexity, imposing
structure and pattem on dyremic, disordered situatios and processe ,
at least as far as the organisation ad allocation of resouross o
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thoee aress is concermed.  The difficulities of gperatioal goal
seecification, oco-ordination of activities and separation of strategic
ard perating decisians in the expended U-form enterprise’ vere
lately alleviated by further hierarchical differentiation of the
enterprise in the Mform.  The institutionalisation of R & D may
e siimply regarded as a feature of the develgomentt of specialist
activities on the part of the corporation in an attept to deal with
the caiplexities of its intermal and extermal eviroment.

Honever, beyord sinple specialisation, institutionalisation of
R &D involhves danges in the darecteristics of the relevant
decision-meking variables. As mentioned aove, the R & D project
ewles through intemediate transient states of inooplete
information, while the R & D function is specified in terms of
stable resources of varying though gererally substantial durability.
The immutability and consequent uncertainty of R & D projects
disaussad in dgpter 2 results in the well dooumertted difficullties
of rational aalysis. The R &D fuction, or the other hard, is
seecified in terms of resources; this raises the crucial question of
how alllocation of resources and decisioneking is carriied aut in
such ciraurstanoes. R & D inposes a new order an the organisation
of tedhrolagical dage, ad if this order is paralleled with
identifiable regular and stable decision rules, it offers the
premise and gpportunity of a new direction for decision amalysis
and model buillding for techological dege.  In the next section
this area will be examined further, and in particular attention will
be concentrated on conventions for setting R & D budgets  in modem

corporations.
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Manegerial Preference for R & D Actiivity in the Fim

From the project based neoclassical theory of the fim ad its
extasians, the problem of gptimising involves the estimation of
epected future streams of cost and revenue from projects ad
anbiratians of projects, ad the calaulation of that corbination of
projects which willl meximise expected future profit. The R & D budget
would not be calaulated directly since it is not an explicit component
of the gptimisation problem, but would be calculable expostas the
aum total of selected projects identifisble as R &D projecls.26 The
allocation of resources to R & D is consequently determined by the
runber of ggoroved projects.

In fact this rational model of allocations, with its associated
prablars of uavoidsble uncertainty is rarely, if ever, used in large
modem corporations. Allen (19/0) in a study of R & D budgeting in
UK. fims foud; "Usually authority for determining the R & D budet,
and how the research should be finenoed, rested autsice the R & D
Cepartmentt, many orgenisations considering the amual research budget
as asigle e’ (.176). Meller (196) concluded from a seriies of
interviess held with research directors; *Directors first seem to
settle on a figure for the total and then divice it iInto its copoents™
©37)- Keplan (199) fourd that research directors frequently used
aonstraint of available fuds as a rationale for restricting or
stopping projects (p-3B)-  Reaves (1983) who hed resporsibility in
research budget formulation in the Esso Research and Bngineering
aonpay,states: "'a long-range budget s not a project budget in which
we outlire year by year exactly what we shall be coirg. It is, irstead,
a forecast of the over-all megnitude of effort that willl be required
ad of the gereral type of work that willl have to ke dore”, (p.1X).
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Rees states that in the develgment of a log range research budoet
a besic assunption is that a ladk of good idees will present no
prablen even if those idess are not available at the tine of
buoeting.  Collier (1954) in an analysis of fectors that defire upper
limits on research spading fourd; *'The first of these is concermed
with a balance of the total copany resources” (p.439); thus explicitly
daging the foous iron projects o R & D as a fuction.

These studies suggest a radically different picture of the
R & D buogeting process then is suggested by the necclassical theory
of the fim.  In the project based gotimisation mocels the R & D
budoet is simultaneously determined wirth project selection.  Honever,
the abowe studies inply the separation of budgetary and selectiav
aotrol decisions; the budget gererally precedes consideration of the
direction of rescarch.  The separation of these two decision aress
hes consequences for the behaviour and attituces held by R & D
adninistrators and rescarders.  Keplan (1989) points out that research
adhinistrators can, and do, tend 1o blare funding and proocecural
problams on senior adninistrators extermal to the fuctios, while
still themselhves retaining control of the substantive isses of
tedmical direction. Allen (290) foud that although authority for
ceciding the R & D budget lay autsice the R & D departments in most
ces, In alhost all the fims studied allocation of R & D resources
ves at the discretion of the R & D leeder or director.  Jenkes et al
(19®) foud iron their study of invention that whille it wes possible
1o organise and plan for the provision of fecilities and resources to
R & D, co-ordinating teamwork and guiding research activity
inolved problens of a substantially greater order of megnitude (p.107-
).
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The R & D budget is therefore gererally based on consideration
of the resources which should be allocated to R & D rather then
gecific projects.  The top manegerial decisionHrakers are free o
aosider in the ligt of pest eqperience howv much should be allocated
R &D relative to eqenditures on other fuctions. Fearen (1974)
points aut; "'Although menegement camot calaullate accurately the
retum cn any individual project or piece of R & D, it hes leamit
fram experience and from doservation of corpetitors that this “romal
leel of R and D sperding will probebly help it to survive and gon'’,
(-206). This suggests that resource allocatios to R & D are
potentially nore stable than might be expected i consiideration were
limited t© study and aralysis at project leel. Gold (197D) franan
extasive review and synthesis of case strikes and amalyses In this
area provides sygport for this in his "besic hypothesis that, in
nost finms top manegament tends to have a reesonebly stable preference
for the means of promoting Its primary dojectives (such as inproving
or maintaining:- profitzbility; grosth; market position; seaurity of
asz=ts; relative stability of geerating leels; and a faxourable
pblic inege)'”’ p-22. Tedrological progress is not seen as a
primary dojective in itself, but ae of the possible means of
pramoting nore fundarental goalls. 2

Enpirical amalysis of allocatios toR & D industry level of
Fearen (1922) indicate that R & D eqpenditures were stzble over a
rnunber of years, while Meeller (19%, p.3b) refers to the evidence
cited in his unpublished Ph.D dissertation (198) which indicated
that; 'R & D data, wnlike patents are not subject to envatic year-to-
year fluictuatian”’.  In fact stability of preference for R & D resouroes



together with the concem expressed by Colllier in achieving a balance
of total copany resources, help explain what Sdnodkler (1922, p.213)
identified as "‘the conmn corporate practice of setting research ad
develoorent budgets at a fixed percertage of sales”.  This is a wicely
reported practice used indétermination of the research udget. 2 It
hes also been reported as a practicein allocating fuds to marketing,
a fuction which, like R & D, typically involhves projects with
asoeiated uncertainty as to future relun”s.m

This is interpretable in termscfa™further defining daracterisic
of open systas, that of the steady state.  Acocording o Katz ad
Kadn (19%6); "'open systans which survive are characterised by a stesdy
state. A steady state is not motionless or a true equilibriun.  There
is a aontinuous  inflow of erergy from the extermal envirament and a
aontinuous export of the products of the systam, but the daracter of
the systan, the ratio of the energy edagesand the relations between
parts, remirs the saieg” (3)?Y Hwould seem that steady state is
identifiable at least In o respects for many coporatians, firstly
at a aognirtive lewel in terms of managerial preferences, and secondly
at an allocative level in terms of dosenved deployment of resources
R &D.

A further elerert contributing to steedy state behaviour in
the R & D function is perceived need for stebility of employment of
Re& D resourcees.  In a study of 43 dhemical conpaniies in six European
countries Olin (1973) foud; "'The nost inportant factor in determining
the size of the R & D budget is the last year™s eqediture. It wes
gererally thought to be detrimerttal 1o the R & D effort if itves
danged by more then 5-106 amually in any directl*m',. p.127.
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Mansfield (1988 (@), p-62) states that fims place emphesis on the
stebility of their R & D programe; they attenpt to build up gradually
adanid@qoamimmhidqnayml*metobewtbed(.i Reaves
() justifies Esso Research and Bgineering™s research budgeting
besed on "regnitude  ofeffort” rather then project aralysis, sinoe,
"a rescarch organisation is an extrenely aomplex mechine ad takes far
lager to huild than most other corporate assets such as a new
factory' p.136. Reaves also states that high variability in research
buobets can be highly disnuptive in organisational terms.
Thus, stability of preference for R & D resources, ad stabiliity
& a desirable feature of the R & D function facilitating contiruity
ad aonstancy of employmeant of R & D resources, may be camplerentary
o ae aother and nutually reinforcing.  Oyert and March (1963) also
eqhesisad the inherent stability of the R & D functiion on the besis
of research conducted by Seeter.  Cyert and March conclude that there
are four important features of the R & D prooess;
(@) Most organisations are anare of and praosbly
use such sinple rulles as per cat of revene
as a quide 1o research ad develgament allocation.
@) The pressure on stbunits for naintaining aosolute
dollar allocations, the logic of research
gooropriations, and the difficulties of forecasting
revernues lead to cosiderable attempts o sooth
allocatios so that they vary less ffan year to year
than do reverues.
(i1 Target allocations are substantially influenced by
estimates of allocatios (per centt of sales) in other

“comparable’” organisations=
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(@) Organisational failure on profit or sales goals
1o pressure to revise the allocation rules”
PR.-2Zr4-15.

Points (@) and (i) emphesise simple and intendedly stabillising
resource - besed decisionneking, while points(iii) ad (V) provides evidenoe
of the enviromental phese earlier identified by Fusfield (19/5).
Point (IV) indicates the role of negative feedback in adjusting steedy
state preferences.  Partiacularly inportant is the tendency foud for
stability in resource allocation in the face of variability in the
reene from projects.  This is exlained by Freeren (1974); many R
ad D menegers or scietists act as if they were farers. They knew
that there are upredictzable and accidental factors present in their
work. But they also knew that, if they apply their labour with
ingeruity and appropriiate equipment over a sufficiently log period,
they will prooebly achieve sare  useful results”™, (p.339). Freamen
sgests that the existence of conmercial research institutes and the
steedy increase of company finenced R & D are evidence of the econamic
practicebility of a wide range of types of R & D activity, een if
particular projects are interently uncertain.

Therefore stability of resource allocations does not necessarily
inply regularity and predictability of R &D output. \hile this may
gopear doviaus, it is frequently ignored or confused; thus Chardler
() states, "the systamatizingof strategic decisions through the
building of a general office and the routinizingof product develgarent
by the formation of a research department have, in a sase,
institutionalisad this strategy of diversification (p.491)).33 Yet a
viable R & D department with stable and cortinuous use and employment
of resouraes need not produce’‘routinised inmovatios” - indeed it vwes
arged in dapter 2 that the conoept s inplicitly contradictory.  The
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ey for mnegement o exhibit stable preferences for allocations
1R &D does not necessarily inply eqeectation that there willl be a
correspording steedy yield of comercially useful idees. The R &D
bucet decision is typically segparate from allocative and control
decisias in the R & D function, and concermed wirth radically different
decision variables.  Stability in budgeting is entirely cosistent with
highly uncertain and upredictable R & D projects. 3

Borer (1970) in amalysing converttiomal resource alllocation decision
neking in modem fims reinforoes the idea of qualitative differences
in decision variables goerative at different leels. Typically tmp
meregarent is concermed with the overall relationship of the firm
with Its eviromertwhille sub-units are aoncermed wirth the specific
aottent of overall plans (p.190). This is corsistatt with the
argurent of this dgpter, and Borer enphesisss *'the process sheping
the content of plars - both the doice of dojectives and the discrete
comvitment of resources - is different from the process that leeds
the plans to be goproved” (.190). The sb-unit nenager  plans within
the sooe of his jab as it hes been defined . (p-190)-

The significance of these anallyses may be regarded as twofold.
First of all, a nurber of cottentious problem aress in study of R & D,
still sibject 1o active debate and involving difficulties of analysis,
may be subsumed InMto a separate area of aalysis.  The high degree of
uncertainty associated with specific R & D projects ad diffiaulties
in formulating log term strategy in turbulent enviroments are
seecifically prablens of intermal cottrol ad meregament. Whille they
rey have inplicatios for R & D budgeting, the decision problem at
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this leel is qualitatively different fron the menegement and control
prdblen, ad consequently the relevance of issues nmust be regpraised
in the comtext of this cotrasting pergpective. The R & D system as
awholle may display properties which are not goparent iron consideration
of its component parts or prooesses.

Secodly, and related to the abowe, stability ad institutional-
isstion of R & D resources enpresises the integration of tedrolagical
dae as a means by which the firm can deal with its eviroment.

It emesises the allocation of resources for the cottrivence of
strategies ad so stresses the need o regard the firm as an goen
ssten.  The differentiation in functional hierardy associated with

the evolution of the modem corporation, and the tendency for alllocation
of resaurces to function to exhibit "'steady state" behaviour relative
to allocations to other functions, are both daracteristics of goen
systens behaviaur. 1t provides suygort for the earlier suggestion

that the behaviaural theory of the firmmay need revision or
augrentation o provide for fourth level activity in the fim.

It nust be emphesiised once nore that these argumants relate to
the large modem corporation, particularly those operating in a regine
of rgpid tedrological dae.  Studies reporting cottrary firdings
1o the corssus do exist, and these willl be disaussed in dgpter 6.
The dissenting  studies will prove useful to the present analysis,
sine as exagptions they effectively test the rule of stable resource
preferences.

In additional to the possibility of exeptions to stebility of
preferences at functional leel, it is conceiveble that at laver leels
then that of the function there may be activities having In camen
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darecteristics of a systemic  rature.  In such ciraunstances, as with
tre overall system, it may be possible to identify steble ad
orgenised properties at a higher level then that of individual projects.
In this respect, the second depter indicated the possibility of
identifying research and develgarent sub-systems arranged in a
hierarchical interlinking ordering with"respect to final cutput, ad
provides a besis for further analysis of this possibility.

IT stable preferences for R & D sb-systars are idatifisble, it
mey indicate how model building of corporate behaviour may exterd
the gplication of the conoept of a resource preference system o
leels belowv that of the overall fuction. In particular it would
sugest the possibility of a hierardy of "top-doni” resource allocation,
in which resource allocations at lover levels conpete with other uses
of fuds within the overall costraint of a fuction buoget. The
function budget, whille gperating as a variable at higher leels in
the decision making process, would gperate as a parareter at these
loer leels. The loner level allocations within the overall budget
would then in tum provide costraints within which further slb-
allocation is mece.

Honever, even If resource allocation were mece in this fashion,
there must of course be a level of allocations sufficiently lew in
the decision meking hierardhy where allocatios are mede in tems of
projects, not resources. In the next section, it will be suggested
that there are qualitative differences iIn maregerial attitudes tonarts,
and preference for, different types of R & D sLb-system activity.

Manegerial preferences and R & D sb-systens

In depter 2, distinction wes mede between types of R &D sb-
systam; besic/Aundarental research, goplied researdvinvertive work,
ad develgment.  The linkage between slb-systars, and their
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hierarchical relationship to final output contributed t© the corplexity
ad uncertainty of evaluating expected firal autput from inputs into
apartiaular sb-system.  \\e shall aonsider both sets of inter—
pretation of R & D sub-systars as celineating a "'spectrund® of R &D
sb-systams, with besic/fundarental research at the "top” ed, ad
develgoent at the "bottont”* ed.

As Frearen, teble (2.2) indicates, the further that the leel
inwhich an R S D project is goerating is removed from final autput,
the higher the degree of uncertainty associiated with projects operating
at that stace. The reesaors for this were discussed in dgpter
3 Hoewer there is typically a further distinguishing feat-
ure of firal autput derived fram respective subsystems; the degree
of radicalness associated with inmmovatiion originating firom different
leels in the slb-system hierarcy teds to Increese as activity
moves tonards the "top” end of the spectrum. It may be that the
autput of ane goplied research project may stinulate suocessive
develgarent projects designed to mocerately differentiate or inprove
the derived imovation or inovations, ad consequenttly R & D is
active anly in the develgmantt slb-systam;  in those ciraumstanoss
the final autput in terms of products and processes willl ted to ke
anly noderately or margirally different from existing autput, as
indicated by categoriies 5,6 ad possibly 4 in Frearen s table.
Similarly 1t may be that goplied research may be conducted fram a
fixad scientific bese using a given stock of scientific knovedoe;
honever, in this case new tedology and inventios willl ted to be
highly novel and radical with regard to existing auput.  Inventa
mey require mgjor revision of productive tedmiques ad may require
further inventive work before viable imovatios are dotained, creating
ooplex tedrolagical and organisational problars of integration in



-4 -
the existing product/market posture of the fim.  This is typified by
categories 2,3 and possibly 4.

Hoever, potentially the most radical and fundementally different
imovation inolves a shifting stock of scientific knovedge and inply
activity in besic research sub-system as defined earlier by Mechlup.
Milson (090 @) p-32) clains that significatt inovatios have tended
o care fran basic research, not goplied research; and gives examples
of X—ray analysis, radio carunication and the develooment of
hyorid com each of which wes facilitated or mede by scientific research.
Feaen (1974, p.261) identifies in-house fundarettal research as being
aontributory to the develgarent of nylon, poyethylene and the transistor
amog other inventions with far-reaching significance and inpect.

As would be expected fran discussion in dgpter 2 the degree of
radicalness of final output, measured in terms of qualitative differences
anpared to existing autput, tends to parallel degree of uncertainty
associated with the potential utility of inputs in the particular
sbsysters.  Thus, cotribution o degree of radicalness of
inovation also tends o increase as R & D activity moves tonards the
besic research end of the hierardy. The nearer the tp end of the
seectrun, the greater the degree of uncertainty associated with derived
firal autput, and the greater the degree of radicalness typically
asociated with firal output (see figure 4.2 belon).

"t besic  agplied develoment "oottont”

ed  ressrch  research end

ctian of increasing uncertainty as ©© e rature of final autput
Figure 4.2

As we shall disouss further below, menegament is not indifferent
to these o Influences.  Further, since both gopear to achieve greater
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significance the nearer the relevatt activity is to the "'t ed of
the R & D spectrum,we might expect manegament to rank their preferences
for particular types of R & D activity according to their position in
te R &D spectrum.

In order to establish such rarking, we need to exanire the effect
of uncertainty and radicalness of final output on maregerial attitudes.
\ihille such attitudes are linked and frequently nutually reinforcing,
it is possible to separate out distinct influences on menegerial
perogption of R & D sub-system daracteristics, and cosequant attitudes
o allocation of resources 1o those aress.

Domirent influences include the folloming:

@ The penvesiveress of the rational model ad

its inconpatibility with uncertainty (s
Gold and Schon op cit). The rational model
is gopropriate as a gereral frae of
reference for stable enviroments and routine
decision neking prablens.  Honvever, the greater
the degree of uncertainty associated with a
project, the more likely that menegers adhering
1o the rational model willl screen such projects
out of the decision systam.  Uncertainty in
R &D is derived from two project-specific
SOUICEsS;
@ tedmical ucertainty; this tads
to increase as R & D activity noves
tote "tp ed’ of theR&D
hierarchy (see dapter 2).
GO market ucertainty; "tis is a conseguece
of the develaprent of turbulent fields in
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the indstrial enviroment. P The
uncertainty is compounded badk by the
length of time firom project inogption
1o imovation in turbulent fields, and
also by the degree of novelty ad
ufamiliarity of imovation. In both
regpects, uncertainty again  increeses tonards
the besic research leel de o the ture
taken for projects to progress through
Sb-systens and gererate sub-system -
linkages in the fomer case, and the terdency
for novelty of final output o increese as
the leel of R &D activity in the sub-
system hierardy increesss.  Thus the
potential relevance of the rational model
diminishes the nearer the particular activity
is to the top ed of the R & D spectuim; we
would therefore typically expect incressing
resistance tvarts inmovative activity in te
sare direction.
@) Resistace to radical imovation; this is gererally cotingent
on wo related sources:
@ The difficulties of co-ordinating and integrating
radical imovation in conpllex systans;

"The problemwith trying to achieve major
advances in large and aoplex systens-
products with a large nunber of highly
interdependent components-is that to dage
ay ae Item causss reverberations throughout



the systent’, (\elsn et al 1967, p.27) "
Administrative problens in implamenting
innovation in richly comected, aomplex ad
functional ly differentiated systers tends
increase with the radicalness of the
innovation, the disnuptive potential of radical
cdhange often acts us a strong dissuesive
influence.

(® dyramic conservatism (Schon 1971, pp-30-57).
This is active resistance to extermal or intermal
threats 1o stability on the part of individials
ad grous in the system. In this ca=e It is ot
the amplexity of radical denge which is the
saurce of difficulty, but the extent of the threat
1o the stability of the existing systam, the status
quo,ad vested imterest.  In his earlier work
(1%67) Sdhon identified the ratioal model as a
crutch and reinforcing agent of dynamic
conservatism.

Acpin, since degree of radicalness increases tonarts the top
erd of the spectrum, we would expect discrimination agginst, and resistance to
R & D sub-system activity to incresse with the lewvel of the sub-system
in the R & D hierardy.

A further factor encouraging resistance to a particular type
of sub-system activity is that in the case of the besic research
sub-system we would expect non-gppropriisbility of slb-systam autput,
referred to earlier, o reduce its ranking In a manegerial preference
systam even further.

@ ad () would ted to encourage incressing maregerial



discrimination and bias against R & D activity as the level of the
releatt R & D sub-system goproaches the besic research ed, whille
the third influence reinforces the tendency for besic research o
ke a lorer ranking sub-system in meregerial preferences.

Al these effects would terd to influence management in the
sare direction, biasing them against imovation activity tonards

the "td" end of the R & D spectrum. This iis supported by Cold
97D, in tre ligt of his review ad amalysis of studies of
imovation activity, in that as far as top menegamant is aoncemed;

"first preference is gererally for the cotinuation, or

only noderate intensification, of familiar gperations inolving

little risk to established organisational structures or

pattems of resource allocations. . . the gererating or
pioneering adoption of major tedyological imovations is
likely to rank low because it teds 1o inolve heavy
inestmats, substatial risks and reedjustmaits in existing
organisational arrangaments and budgeting allocations affecting

meny functios and goerating dMsias’." (p-22).

Jenkes et al (190, mp-112-14) concluded fram their case
studies of inverttion that adninistrators terd to discriminate
agairst uncertain and long term research projects;  research departmaits
tharsehves may be a source of resistance to dage due to the NLLLH.
Qot Inented Here) syndrome . Harberg (1963) descrribed most
corporate research as being mainly  concermed wirth unenbirtious ad
"safe" projects, whille Mansfield (1983) in conjunction with
R. Branderburg in a case study of large and praninent electronics
fims, foud that the projects goproved by R & D manegement tended
1o have a high estimated subjective proebility of suocess ad vere
typically concarmai with short term safe advances in the state of the art
®©5). Nelsnetal (19%7) foud in interviess with corporation



discrimination and biias against R & D activity as the leel of the
releiait R & D sub-systam goproaches the besic research ed, while
the third influence reinforces the tendency for besic research o

ke a loner rarking sub-system in maregerial preferences.

Al these effects would tend to inflluence menegament in the
sare direction, biasing them against imovation activity tonards
the "top” ed of the R & D spectrun.  This is sypported by Gold
(Q97D).in the light of his review and amnalysis of studies of
inovation activity, in that as far as top maregenent is aoncermed;

“first preference is gererally for the aontinuation, or

only noderate intensification, of familiar goeratios inolving

little risk to established organisatioal structures or

pattems of resource allocations - .. the gererating or
piocreering adoption of mgjor techrological imovations is
likely to rank lov because it teds to involve heavy
inestments, substantial risks and readjustments in existing
organisational arragements ad budgeting allocations affecting

meny functions and operating dMisios™." (p.22).

Jenkes et al (199, pp-112-14) concluded fram their case
studies of invention that adninistrators tend to discriminate
against uncertain ad log term research projects; research departments
tharselves may be a source of resistance to dange due to the N.LLH.
Qot Inented Hare) syndrome. N Hanberg (1983) descriibed most
corporate research as being mainly  concermed with unenbirtious ad

"safe’” projects, whille Mansfield (1983) in conjunction with
R. Branderburg in a case study of large and praminent electronics
fims, foud that the projects goproved by R & D menegament tended
1o have a high estimated subjective probebility of suooess ad vere
typically concermed with short term safe advences in the state of the art
®57). Nelsm et al (197) foud in interviess with corporation
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eeqtives that R & D activity tended to be concentrated in search
for mockst inprovements and short: pay-back periods.

These dbsernvations support the view that marnegenent tend t©
prefer less uncertain ad less novel projects as goposed to highly
ucertain ad radical projects.

Since both the radicalness and uncertainty of derivative firel
autput teds 1o increase fram the "botton” to the "top” end of the
R & D gpectrum, this supports a gereral hypothesis; menegement will
rark their preferences for a particular type of R & D activity acoording
10 Its position In the R & D spectrum; the closer a particular activity
is to firal output, the less liable are menegament to resist or
discriminate against that particular activity.

This suggests that there may be dostacles to be overcare before
activity tonarts the "top” end of the R & D spectrum s taken wp.

In particular it raises the interesting possibility that there may

be progressinely strengtheniing resistance to specific R & D activity

as we mve from the "botton!” to the "'top” of the R & D spectrum,
represated by ever incressing barriers or thresholds which must be
oweraare before the activity can be coducted.  In dgpter 7, ina
modified version of the model to be developed in the next depter, we
sall cxsider those factors that may influence whether or not a
partiaular barrier to the yotake of a lover ranked activity may be overcore

One relevant guestion which has not been disoussed so far is whether
or not allocation of resources to R & D subsystars hes inherent stability
apareble to that of the R & D system oerall.  This is not an isse
which gopears to have received much attention,
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hut a recent report by the National Science Foundation (1973 (©)
provices relevant evidence at the level of the firm besed primarily
on auneys of senior R & D officials in 5 of the largest U.S.

coporatias.  The officials were asked to coment on possible
effects of autbacks on basic research; the authors concluded,

"It vwes gererally believed ... that such a policy on a log-
term besis could spell disaster yet, in periods of econamic duress,
autting back on besic research can be an effective sort-term
medheniam to inprove profits. I the basic research aut-back is
too degp, honever, good research people must be relessed; it is
extrarely diffiault to dotain suitable replacamantts when money acain
becanes available (p.34)

In the previous section Olin (1973), Masfield (1938 @) ad
Reaves (198B) emhesisad the gereral belief held by corporate
menegament that high variability in the overall R & D programe

can have an adverse ad disrystive effect.  The N.S.F. study aove
supests that this attitude may still hold at sub-system lewel, in
this ca=e besic research.  \hille the wilnerability of besic rescarch
to short term pressure is emphesised, so also is the resource based
perspective of manegers ad inherent tendercies tonards stability of
besic research allocations.  We would expect potential wilrerability
of besic research in distress conditions 1o be high die to tre
ineconcilability of basic research ad the rational mocel, and the
long term nature of besic research payoff. Hoever, itwould seem
that in the abosence of short-term pressure besic research hes a
tendency tonards a stable share of total resource allocation wirthin

the R & D dgpartment.
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Summary

In this dgpter we have lodked at soe trends in the evolution
of the modem corporation. The process of differentiation, reflected
here in the development of the M-form orgenisation, hes played a
oatral role in the changing nature of the corporation in the
thentieth century.  As the envirament of the typical modem
corporation hes become more conplex and uncertain, so the incressing
need for effective strategy hes been paralleled by increasing
diffiaulties and dbstacles to such fomulation.

Honever, Itwes suggested that the goparently widespread
existence of stable managerial preferences for comporate resources
in the various sub-systams meant that analysis and selection of
individal strategies and projects could be disregarded as far as
the present amalysis is concermed.  The institutionalisation of
R &D ad the separation of the overallR & D budget decision from
project selection in the large modem corporation indicates the
menner in which such preferences have evwolved.  The possibility
that stablle manegerial resource preferances may exist at intra-
fuctioal leels vets also considered, the specification of possible
sb-systers (such as "basic researd’”) being suggested by the
analysis of dgpter 2.

A besis for an altermative to the highly unsatisfactory project
besed model-uilding of approaches such as the  neccllassiical theory
of the firm is indicated by the evidence that manegement of large
corporations ermanly seek to achieve a balance of resources in
corporate goerations.  Cyert and March (1963) recognised that it
mey be useful to discriminate between activities or projects ad
sb-units or sub-systars in the fim, and as we have seen in this



depter, they provided sinple behavioural principles relevant to

tre aalysis of sub-systems rather then comporent activities.
Houever, as we have seen earlier, their amalysis cowers a restricted
fiace of decision problems and camot be satisfectorilly aplied ©
top meregerial decision meking in the M-form organisation. e grall
therefore use the gereral conclusions of this dgpter as the
starting point for the developrent of the model in the next

depter.
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Footnotes
See George (1974, p.33-36)
See Scherer (1970, p-41-44) and George (1974, p-36-37)

Cherdller beses his analysis on historical data ad detailed case
histories of Du Pont CGeneral Motors, Standard Oil and Sears
Rogudk.

See Berle and Means (1932)

5. Sdherer (190, p.0) states the median fim in

tems of shareholder nurbers in the Forture list of the 50
largest corporations for 1956 recorced more then 9,000 shargholders.

- Willianson (1970 ard 1971) uses this term to describe the

fuctionally subdivided fairm.

As a conseguence of this gronth strategy, Chendler identifies
nmetals and a nurber of agricultural compenies as being among
those still gperating the U-form in 1980 (p.5D).

. Thus, Galtraith (1957, p.72-82) talks of the desire and ability

of large, diversified, maregement cottrolled fims such as
Motors to cotrol and stabilise their enviroment through

plamirg. Sdon (1971, p.64) defires the major plaming _

question of the M-form enterprise as "Wat are potentials

in developrent for new comercial vatures', and damonstrates

how fims which integrate a nunber of diverse ad related

activities may wnilaterally imovate whole new tedrolagic

systans without waiting for coplerentary imovation on te

parts of other systens in the enviromant.

Honever, stability and predictability is achieed by rule of
thub decision rules (p.120). While stability woul _ gppear

be an inplicit element of a negotiated enviramant In coditios
of ucertainty, it does not enter into Qyert ad March s formal

nodel.

Chamon (1973, p.4) cites evidence to suggest that gpproximately
& of the 500 largest mnenufacturing fims in the U.b. were
adninisterad by a nulti-divisioal structure in 196 .

See studies of two highly diversified M-form
Seden 19865) ad Texas Instruments (Layton 1972, pp-96
eamples of melhodical formulation ad int%gr?dim o] of
. Also, Carter (197D) m a fie

m relating to computer irstal( Ia)ticn fourd matsmécyti\e

search for ggportunity paralleled problemist® s r .,

suests behaviaural theory shoulld be regpraise 0

strategic cosiderations.
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For eamle, Jattsch comatts on the evolution of corporate
plaming in the specific context of repid tedrological dage
(9, p.17).

Schon in fact empesiises this problem; "The times required for
diagosis, for design of demonstration or for extension to the
next instene, are log exouh - ina periad of loss of the
stable state - to include dhanges which inalidate concllusions
once they are reached -(1971, pp.212-3).

Sinon defines programed decisions as being repetitive ad
routine to the extent that a definite prooedure hes been worked
out for handling them.  Unprograrmed decisionsare such to the
extent that they are novel and unstructured (1965, P.58-9).
Strategy is interpretzble as unprogramed decision.

For eaple ad analysis of such control medheniss, see
N. W. Chenberlain (1922).

Ansoff (1967) states that operations research hes been goplied
sucosssfullly to lorer level routine problars of intermal
allocation ad utilisation of resources; "\arigbles which are
exgenaus to the conpany as a whole usually do not have an
inportat effect on the solution™ (E.35).

Hovever; "‘There is another large class of bhusiness prablers
in which goerations research has hed much less suooess.  This
includes conpeny product policy, market policy, diversification,
resource allocation, R & D plaming, fecilities location, etc.
Prablems in this class also have comon darecteristics. They
are uslally of concem to the top manegemant lewels in the fim.
They deal with decisians whose Inpect is primarily on the layg
range future of the company and which affect the position of
the copany wirthiin its enviroment.  Therefore variables ad
events exgenos to the fim frequently have a first-order effect
on the solutian” (p-36).

See Crandller (. 32-83) and Williamson (.15 and 117).

1y relations with enviroment tended to parallel those
of third leel medheniams, with ewvirometal stimuli of
adversity being necessary 1o pranpt corporate action, though
al programmed responses were not aailable. The
fim a reective, adgptive systam in Qyert ad March
sne. The initial azk:ptlm of the M-form itelf ides a
goad exaple of enviromentally induced corporate ,ine ec
distress imovation;T In Dupont, the aopeny™s firercial s ae
ment ... provided the shook that firel ly precipitated a major
reorganlsatlm At Gereral Motors, an Inentory crisis
together with the oollapseofihe auto market in 1920 produced
the dage ... Partial reorganisation at Jersey wes uiduced by
exgessive inentories, falling profits, ad a declining marke
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dare. But itwes not uitil eamings fell ... that major
organlsatlm danges were induod. ... Alithouch profit
pressures at Sears were less dranatic, ﬂwalsocmh*ibjtedto
the dag” Williarson (1970, p.113) fram Crerdller x?) as
.

The goen system property of differentiation is a sgparate conogpt
firan the econamic conogpt of product differentiation, though as
is pointad out dowe, the latter encouraged the former in the
develgorent of the M-form.

See \Vn Bertalanffy (1973, p.223) ard Katz and Kahn (1985, p.25).

See Jankes et al (190) ch. 1 for eamples ad further
disassion.

This, in fact, is a major contributory factor identified by Every
ad Trist (196).

Coupling is a term used to describe links fecilitating the

integration of sub-systams in the owerall system. It is
partlcularl used to refer o the R & D sbsystem and the

develgament of techological imovation;  (see Jatsch (1930, p2
Iteaian (1974, Pp.165, 169, 190-191), Price ad Bass.(1980, p.86).
For enpirical amalysis enphesising the inportance -
e grl)enoe Policy Research Unltr%972) For nomative amalysis
of desirability of capling, see Jantsch (190J.

See Willliamson (1970, p-114) for a fuller disoussion of these
prdblats in the large U-form orgaenisation.

Thus Reaves (1988, p.1H) sugests tatbui ldi 1 *J*@“ “J*

D«, N~ S*w*ta <15a2,,

Gover ad Smavasan (1972) ad Foster (1971).

Honever, Halrberg (1963, p-110), while indicating thattheR director

hes usually discretionary control over proje  , P° eBereril: °
lﬂl 1S a’elg.g ' IS IS cfs}glggﬁtc\nﬁ?%]eﬁ S —\Aﬂ*‘lﬂ%
prese of the R & D function idetified by infield U -

1he sare time, Nelson (1982) foud that oer
Telephore Laboratories exercised substantial aontro®

direction of R & D franwithin the uaotam : dLStive,
alloaatlm decisians were mede by a T
d%l allocation of research effort Dlaoe an
perce termatives and knovledoge

inpossible information processing ad decision rrsklng
on top menegenent’.
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Cottrol and  direction of the inherently uncertainty R & D
projects is conseouenttly mede even more aompllex in tems of
analysis of the decision meking prooess.

. Nelson (1972) states that as far as corporate behaviaur is

aocerred, "'in an enviroment of rapid dange where the
loner-order rales may be quite ustzble, ane might hope to fird
nore stability in tre qualitative "hetarales”’ that gquide
daes in the nules” (p.42). Nelson gives as exarple of meta-
rules,R & D style , search rales ad broad strategies. Ina
similar \ein, Hm?n(g4’ d.8) describes the \erioiEe R&D
strategies gpen o m, interpreting strategy as broed
R & D phillosophy or gpproach of the firm, a functional equinalent
of the project-orietated conoept of strategy discussed earlier.
At higher leels in the fim it may be that such qalitative
nmeta—rales may parallel the gereral stability in resource
allocation described dowe.

. Allen (;97?,I p.176) foud in his sgfwmme research budget

ves typically set as a perceritage of tumover or gperating
profit, while the prevalence of the convention of setting R &D
as a percentace of sales is also identified by Mansfield (1983
@ p-&2). Freaen (1974, p.245-6), Quim (190, p.2%H), Thares
(1983, p-307).

. Ina of advertising gopropriatios, Teplin (199, .2
ad 25H) that the most caimon standard used wes a  rairly
stable percentage of sales'(p-2R). Jastram (199) reports a

auney of 19 large advertisers inwhich three quarters of

fims reported restricting advertising outlays to a fixed

of sales. e (199 reports this as the consass
method of deciding gopropriations, and sets it in the aontext
of failure of ratioal, amalytical method (E56-77).

See also Von Bertalanffy (1973 pp-130-35, 149-50 ad 164-9).
. Argument partly based on NSF suney (1965).

. See allso Dalton (1974, p.145 ) technological imovation is no
loger the hgphezard resullt of oocasioal disoery. It hes
becore institutioalised through corporate, university »
te trep of the i grta?;sggaa)alsow "
tep mn—ﬁ.uter in iIng progress
institutionalisation of R & D~ The underlyingprincip e,
rarely fomulated precisely, but ever presat, hes beenth
origirality can be organised ... mess productionwi P
originality just as it can Pl
DA ) SIS ey b0 aTomtartt i
alisation ,trey do not form necessary principles o
ucerlying institutionalisation per .
. This is parallelad in the problem of organisation stracture
by Bums and Stalker"s distinction betw” mechaustic ad
organic systens of manegemert 5Bums and Stalker
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orgenic systam, typified by continual re-cefinition of tass
aml shifting responsibility, is suggested to be the gopropriate
form for dynemic enviroment.  Thus, while the organic form is
identifiable as a aocherant system ompcsed of persisting
organisation goals, resources, etc., Its comtent ad distribution
of activity is liable to be dynamic, non-routine and highly
dageeble.

. Gareral business uncertainty is also aggravated by the develgament
of trulent fields, in this case In the mecro-eviroment.

. This refers to both orgenisational ad tedrological comections
ad lirks between component sb-systans In the fim. See
Gold (1971, p.222) for evidence of direct relationships between

radical inmovation ad tendency to substantially readjust

existing organisational arrangaments and functional allocations,
ad Gleman (1967, pp-32-34) for examples of prablens presented
by camponent interrelatedness |, for tedrolagical imovation.

. See Jankes, 1930, p-115-16 for exarples of myopia and under-
estination of outside idees on the part of sare eminent researders.

In such ciraurstances it is perhgps surprising that search for
major inovation is conducted at all.  Honever, despite the
fact that onlly about 36 of R & D experditure wes allocated to
the besic research stb-system in the N.S.F. categorisation
(\S.F. 1973(b), fram teble B-45, p.&5), the distribution of
Scientists 1 basic research work activities was gooroxinetely
m non-manegerial (egplfmnwnmt dgfrt sment;sls W:nIR gas
S.F. 1973 (@), , p.13). ile ic
research teng to oost relatiely little iﬁ terms of demands o
resources, develgoment costs typically invohve eqensinve
and pilot projects.  Such eqaditure an as S
are inaurred in development and tend to overstate bhe activity
mﬁntsb—systanaﬁuderstateactmty in the bes
sb-systam, in terms of the allocation of scienti ic  ime
work.



GHAPTERR 5
The Mocel

WWe are now in a position where we may begin to draw together
the different threads of argurents of preceding dgpters with the
intention of fomullating a model of resource allocation in the
modem corporation. So far we have been concermed wirth three
inter—related aspects of the R & D probllem, that is, the rature ad
daracteristics of R & D, models of allocations of resources for
techolagical dhange in indstry, and the evollution of the modem
corporation and institutioalisation of R &D.  In this depter, the
develgarent of a model of corporate allocations t R & D is founded
on a nunber of points and conclusians mede In these earlier dgpters.

A central issle dealt with in the previoss amalysis is the
significance of ucertainty in R & D work at project level in the
modem corporation.  Because of the pervesiveness ad inportance of
uncertainty, a substantial body of gpinion,supported by enpirical
studies of R & D,holds that the gpplicability of ratioal mocels
R & D projects is drastically costrained.  The tedency for large
modem corporations to sgparate budget and allocation decisios
reinforaes criticism of project mocels; 1 as gopears to be the
gereral case, corporations gererally allocate a stable peroentage
of available fuds and resources t R & D independently of the
allocation decision, the irelevance of project based mocels is
assured, at lesst as far as descriptive theoriies of the R &D
budget in the firm are concermed.

IT we retain a project based perspective of allocation of
resources to functions in the fim, such budgetary converttios are
diffiault o eplain or justify. In fact,such a frare of reference
enoourages critician in tems of the inputed non—rational and unsoun
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reture of such budgetary process. Quimn (198, p.2%5) describes
the practice of setting the R & D budget as a percentace of sales
as "arbitrary’, Jastram (1990) identifies the practice of setting
advertising gopropriation as a percentage of established sales
revene for the periad, "regardless of any lagical inconsistency
which may be involhved" (p.155), whille Doyle also criticises such
gooropriation policy as lacking a logical besis (1983, p.577).

It is indeed difficult to conceive how such practice might be
amalysad or condoned within a project besed frare of reference.

Yet "'logical incorsistency” or “arbitrariness”' only holds
as valid critician if it is intended that budgeting adopt the
frare of reference held by the sare aritics.  Htmay be that such
anvatios follov a frarenork of intermally cosistantt rules unre-
lated 1o project based gptimisation procedures, and consequently
acting in acoordance with an entirely different ratioale. In fact
in the last dgpter itwas sugpested that the R & D budget decision
is frequently based on consideration of qalitatively different
daracteristics and variables then those typically associated with
project besed models. The widespread resource-orietation of
budget decisions parallels and aoplerents functioal differentiation
in hierardy ad the institutionalisation of tedrological dege.
These davelgnents are related to the gronth of turbulent fields
ad the conrespoding necessity for gpen system organisation and ac
tion on the part of the corporation.

The last dhapter also described features of corporate organis-
ation and behaviour constituting definitive  daracteristics of open
systams, and further supports adoption of the gpen system frame
of reference in amalysis of tedhological dae.  The typical

variables relevatt to decision meking at higher function leels vere
identified as resource rather then the cutoare-orientated project.

Beyod mentioning differences in properties of those decision varea-



bles (particularly aspects of stability ad hamogereity associated
with resources and projects respectively) we have not eanined the
inplications of this feature of higher decision meking procedure.

In this chapter we attenpt to provice a ratioale for such behaviaur,
in an gpen systars framnork.  Vie willl develop a model of corporate
resource allocation based on the conoept of the fim as a hierar-
chically organised systan, with a relatively stable st of preferences
for resource allocation, distributing resources in a "top-dont” fashion,
The firm is regarded as a system partitioned Into sb-systans;
allocatios are first mde to individal systars and then distributed
o componett sbsysters. A means whereby a preference system can
be built up through feedbadk is also sugested. The corporate men-
agamet will be assumed to alllocate resources, acoording to this
preference systam, with the prinary dojective of esurirng the sur-
vival of the corporate systam, In the aotext of a hostile turbulet
enviroment (actual or potential).

The view of the firm as being hierarchically structured into
suocessive partitionings ves enphesised in the last depter as a
certral feature of comporate resource allocation.  In the next
section we willl suggest hew redundency may fecilitate, and non reduci
bility necessitate, the descriiption of tire firm in this vay.

Abstraction in Interpretation of Caoplex Systars
In dgpter 1 itwes suggested that a holistic view of the cor-
poration may be nore gopropriate than the reductionist perspective 0
necclassical theory for sore purposes.  Redundancy ad non
reducibility were two conogpts used to sygport the hollistic or sys
tamic argunent, and they are discussed  in rather more detail
this section. It is inportant to bear inmind that neither conoept is
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cefireble in tems of the conoepts ad behaviour of lover lewels.

The previos chapter hes, in fact, alreedy suggested the emergence of
stable resource preferences at higher levels in corporate decision
neking, ad inplied that these are ot reducible to project terms.

\le shalll suggest why this may be the case below in disoussion of
"oestalt” orgenisation, but first the conogpt of redundancy s dis-
assd as an additional justification for abstraction.

In this respect, H.A.Sinon (199) enphesises the possibility of
deriving sinple descriptions of coplex systars sufficiatt to provide
adeqate mocels of behaviaur;

"Tre more we are willing to abstract from the detail of a set
of prerareg, the easier it becones 1o simnulate the preromrera. More-
oer we do not have 1o know or guess at all the intermal structure
of the systam, but only that part of it that is crucial to the ab-
straction ** (p.16).

Sinon later asserts that aomplexity or sinplicity of structure
depads critically upon the manner of description.  Most aonpllex
systars incorporate large degrees of redundancy, ad this redundancy
can be utilisad to sinplify description. Honever the correct rep-
resentation ad sinplification nust be identified to achiee this
(9%, p.117).

An examle is provided of the behaviour of an antc

"An ant viened as a behaving systam, is quite sinple.  The
goparat complexity of 1ts behaviour over tine is largely a reflec-
tion of thecamplexity of the envirament inwhich it finds itself.
(938, p.2D).

Simn develgos this hypothesis fran descriiption of an at™s inregular,
erratic path weaving and detouring around dstacles on tre vway to Its
antrole.  Camplexity of behaviour is determined by complexity of

eviromatt, not imate conplexity of the at itself in tems of
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gaals or preferences.

In this cottext the ant may be represented as a sinplle systan;

“at the level of cells or noleaules, ants are denonstrably
anplex; but these microsoopic details of the imer enviroment may
be lartely inelevatt to the ants™ behaviour In relation to the outer
enviromet.” (p.5).
Simon suggests an autaratn, though dirfferent: mecrosoopically, might
adequately simullate the ant™s behaviaur.

Whille Simon is careful o frare his interpretation as a hypo-
thesis, his identification of redudancy of loner leels in the
behaviaur system parallels the gross sinplicity of amalytical ad

sinulation models of coplex systers.2  Sinon extends his hypothesis
to cover humen behaviaur, ad iF it is further extended to social sys-

tans, it hes doviauss inplicatios for corporate analysis.  Inrelevacy
of study of behaviour at laver leels in the systemwould greatly
sinplify amalysis. A corollary is that analysis of higer leels in
tems of loner level conogpts may be ingposite, and worse, possibly
misrepresent higher level activity.

Consequently daracteristics and properties of systars may
differ qualitatively from consituent sbsystars.  For eaple,
steady state behaviour may involve different perspectives or qalities
fran those of loner slbsysters. This s pointed aut in one respect
by Repoport (1974);

"'open systems ifleft aloe”™ ted tonard steedy states deter—
mined by their structure and Interactios with the eviroment.
Mathenattical ly this tred is often demonstrated as a determims
ae. But it can also be shonn in so-called stodestic systers m
which the sinple evants are praoebilistic but the system behaves
deterministically in its wality.” E* 167-8).

Honever syste.iic properties may differ substantially from sinple
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aggreggtive or summative properties derived fran mathenatical
menipulation of statistical eents.  The Gestalt psydolagists

besed their analysis on the hypothesis that wholes (which  Angyal (1969)
describes as "'orgenised dojects’™) have properties not deriveble

fran analysis and agoregation of constituent parts.  This goproach
hes been widely sumarised in tems of what Angyal (1980 p.2%6) describes

& an ingpot formulation;

*'the wholle is more then the sum of its parts'™.

As Agyal poirnts aut, this may suggest that a sumation of parts
taes place ad that in addition a new factor eters the composition
ofwholes, contrary to the interpretation of Gestalt psydolagists.
Gestails and additive aggregations bear no direct relatioship to
ae aother; instead of inplying that wholes involhve sorething more
then sumatiion of parts, it is more gopropriate to state that aggre-
gation plays no part inwhole formation (Agyal (199) p.26).

This is exlicitly formulated by Agyal;

"'in an aggregation the parts are added, Inwholes the parts are
araed Inasstan. The system is an indgpendent framenork in
vhich the parts are placed. . . . . . the whole is, to a large extant,
indegpendent: of the individial parts.” (.27).

Consequentlly aggregation and the formation of wholes involve processes
of entirely differet retures.  Gestalt is Cermen for configuration

or pattem, ad as the nene inplies, holistic properties of systens

may onlly be perceivable through consideration of higher leels in

the sstan.  Thus, not only would anallysis of Sinn™s at at the

leel of cells ad molecules be redundant, It might doscure sinple

gl seeking behaviour at higher lewels. The abstraction involved

in cosidering progressinvely higher leels in systars not only

inohes infomation loss In tems of description of loer-leel
sbsystars, it my also result in a gain due to qalitative differences
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in the determinants and constittents of higher level behaviaur.
As Sinon elsanhere  states, In dealing with camplex prablars in-
wolvirg persistent, systematic properties and daracteristics,

""Man. . . is not only a leaming aninal, he is a pattem
finding and conoept forming animal™”. (199, p-272)

The inportance of this for the subsequent model develgoment
in this dgpter is diffiault o oerstate.  The gereral direction
of contamporary econamics  is with respect to derivation of aggre-
gative relatioships between sub-systars ad system;  oosts of
production are sunmed to dotain total costs of production, agoregate
demard and supply aunes are derived from the behaviour of individial
nits.  The conogpts of costrevenue demand and supply remaiin
essentally the sse inwhatever level in the overalll econanic
systan they are gplied.

Honever, in allocation of resources to R &D and other func-
tios in the large modem corporation,there does not gopear to be a
sumative process and correspoding conogpt camion to alll alb-system
leels. The project is naturally the gperational concem insice
the R &D system itself, but it hes typically no equivalent in
budbeting at higher leels in the large corporation.  Budgeting at
the lewel of the fuction is typically analysed in terms of available
resources and precedes consideration of allocations to specific
resourcss.  Mallagers evinee steble preferences for resources,ad
fims are gererally describeble in tems of enduring departmants,
menegerial teams etc.  The corporate systam as a whole, amalysed in
terms of constituent functions such as R & D, marketing, production ad
0 m, does gopear 1o be lartely defingble independently of its conpon-
a1t projects and activities; not only is this a defining qality
of "resourcss”’,3 It is also a feature of gestalt organisation of woles
(== Agyal ane).
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Gestalt organisation of managerial preferences for resources
at tre highest level in the firm may help to eqlain the processes
ad behaviour disoussed in depter 4. The aostraction of top
menegerent with respect to routine problams and coplex inter-
related proossses at lover leels, may fecilitate fomation of
oestalts with respect to resources. It is a daracteristic of
osstalt that configuration or pattem at higher lewels is ot
deriveble in terms of "tuilding Yo' fran loer level aalysis;
conssuentdly project amalysis may be inggpropriate at this higher
leel, as far as description of manegerial overview of the alloca-
tive prablem in the corporation is concermed.

The idea of "gestalt” is alnost certainly an essential
ingredient in the formulation of stable "Teta—rules” which Nelson
1972, p.422) postullates as existing in turbulent enviroments.

The specification of constructs 1o which these meta—rulles might refer
or be gplicable possibly ranks among the mgjor, thoucth gererally
unrecognised, contribution of both Cyert and March ad Penrose.

Thus, Penrose contends thatt resources may be defined  independentlly of
their use (p.25), whille Oert and March perceive the "relatively
independent calaulation’™ of sub-unit budbets with respect o projects
(©-272), ad distinguish between stb-unit and project allocatios
®-214. In necclassical theory such distinctios would be
arbrtrary with no behavioural inplications; boudaries and darec
teristics of sub-units woulld be defired in terms of agoregative
aonstituent projects, and resources ad sub-unirts would onlly be recog-
nisad in tems of their derived servioss.

The distinctiveness of gestalts fram sinple aggregations is
emphesised by Allport (195%);

"Since the perogpt hes an indissoluble unity it could ot ha e
been acquired in the first instance by adding sasory units “piecareal’'.

lump*. mnf
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IEmight ke a litte time before the gestalt gopears;  but when It
ares its avent is sudkden. It isall or me.  Leaming would
therefore have 1o be a disoontinuous rather then a cotinuous
process”, (p-124-5)

Analogously, in the case of the corporation, patterms inherent
in the organisation ad Its enviromant are not deriveble fran sinple
menipulation or analysis of projects. Such proossses may require
higher leels of dostraction and synthesis by corporation menegement.
Coviausly such perosptual constructs camnot: be directly dosenved, ad
must be inferred fran the usefulness of models based on such conoepits;
honever evidence of search for gestalt organisation in a highly
inovative corporation is provided by Morton (1967) from hiis descrip-
tive comets of  Bell Telephone Laboratories in which he wes Vice
President for Electronic Corponents;

"Wherever you run up agaiinst a carplex prablem - ad in fact, |
fid it difficult o nare problers in the tedrolagical world thet
are not complex - you look for patterms.  In other words you look at
itas asysten.  Wat dowe mean by a systen?  Fiirst it is an inte-
gatedwole. It is not a bunch of discorected parts. It isa
structure of specialised parts, each of whiich hes its omn special
function in the whole, and each of which is 0 copled 1o the others
that they act together tonard a camon purpose. e also maintain th
the aorbined effectiveress of the persons meking up this systam
nore then the simple sum of its parts."" (p.2)

Morton amallyses, A.T.& T., the parent company of the Bell Telephore
Laboratories (B.T.L.) into “only four besic fuxctas" (p.5), of
which B.T.L. senes as the R &D department.  This functioal
Separation is perceived in a aoplex system of about 800,000 enployees
in 24 compenies ([(P-24-5).

Such a view of the individual corporation gopears reesaeble,
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and indeed essential in the light of the discussion here ad in
depoter 4. We shall develgp a mocel of corporate resource allo-
cation based on a similar interpretation of the corporation as that
described by Morton @ove.  In the next section, the features of
mernegerial decision prooesses concemed with the overall deploy-
ment of corporate resources willl be analysed further in temms of
gsstalt orgenisation, and the basic assunptions of the model willll be
stat

Nature and Objectives of Corporate Resource Allocation

The amalysis so far suggests that certain gereral statements can
ke mede regarding corporate resource allocation at high leels
of decisioneking in the large modem corporation. e shall
briefly sumarise the most significat as far as our arguent is
aooemed.

D It is based on subjective rather than dojective decision
rules. There do not appear to be widely recognised priciples or methods
corresponding to the deciision meking process whiich would provide the
sare allocative solutions by amalytical methods.  The evidence of
the earlier dgpters suggests that subjective evaluation of allo-
catias takes place through rule of thunb nethods, rather then aggre
cation of individual projects by means of gotimization tedniques.

2) There gopears to be stable manegerial preferences for
resources at top manegement leels inthe fim. This is reflected
in the tedency tonards explicit equi-proportional allocations at fuc-
ticel leel despite the existence of turbulent enviroments.

3 The modem corporation behaves as an goen systam in allo-
cating and organising resources for the gereration of strategies ad
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imoatias.  Research and develgent at function lewel is an
institutionalised and integrated part of the maregerial preference
systam.

4) Manegerial decision meking besed on the preference sys-
temfor resources isnational.  This is the nost speaulative of the
statements mede here, and indeed the burden of argument referred
to earlier empesises the "arbritrary”’, "illagical’ naeture of con-
ventios such as setting R & D as a peroentace of sales.  For the
reesors stated earlier, such criticianmay be provisioally dis-
oounted since they are made from wirthin the neoclassical frame of
referece. Honever it wes suggested earlier that finis may leam
the gopropriate lewel of R & D that pamit it to survive ad eqad
their gperatios; this infars subjectively rational action on the
part of senior corporate menegament even if analytic methods are
unrelisble at project leel.  The davelgarent of models of cor-
poration behaviour would be medeexceedingly camplex without sare form
of rationality postulate as guicelire.

e have now a nurber ofbuilding blodks on which to develop
amocel of corporation decisioHreking bdhaviour.  One area of
neglect so far is the possible dojective function gperative at this
higher level of dstraction. In necclassical theory the dojec
tive function is profit maximisation, ad recent extensias have
included sales neximisation subject to a profit constraint (Baunol,
1999) and meximisation of manegerial utility (Mlliarsmn, 1959).

In a recent qualification of his early theory of menegerial discre
ton, hovever Williarson (197D) hes sugpested that the M-form corpor-
ation may effectively pranote profit meximising behaviour.
shall disass this further below.

An altermative motivating force goplicable to resource marnege-

nmernt at the top lewvel in the manegerial hierardy is recuired.
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This is suggested by BEvery (1989) in his analysis of corporatios
a5 gpen systans geerating in fields with “oconpllex enviromental
interactias” (-8)-

"The task of manegement is govermed by the need to match con-
stantly the actual and potenttial cgoecities of the enterprise o the
actual and poterttial requirerents of the eviroment.  Only in this
way can a mission be defined that may ensble an enterprise to achieve
asteedy state.  Honever the actios of menegament camot in them-
shes aonstitute a logically sufficient codition for achievamat
of a steady state''(P.10).

Here the steady state is the target for maregerial allocations.
A similar dojective is inplied in Charberlain (198).

"There must always be a tendency tonard a state of eguillibriium.
At the sare time there nmust also be a tendency tonard a bresk—up of
existing relationships and the formation of new ones because of the
intrusion of unavoideble enviromatal danges ad the fim's purposinve-
ness wirth respect to them.

These two terdercies - tonard coherence and disturbence, tonard
equilibriun and disequilibrium - must run together, in a kind of
econamiic counterpoint: (.10).°

Chenberlain suggests that a ballance or harmony nust be main-
tained between existing relationships and forces provoting dace,
inwhich latter category would be included R &D.  This s similar
1o Brery"s primary task of manegement, in which achievamentt ad
mainterence of a steady state is the dyjective.  The steedy state
wes earlier interpreted as mainterance of the essattial daracter or
identity of the system; Kast ad Rosermweig (1974) reproduce this
interpretation, but also provide a description of steady state

gopropriate in this aontext;
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"The steady state has an additional meening;  within the
otenisational systan, the various susystars have achieved a
balance of relationships ad forces which alloss the total systen
perform effectively”’ (p.116).-

Anore rigorass definition is provided by Von Bertalanffy  (1973,p.167)
& a time-independent state in which the ratio of the system aon-
poetts is constant.  We shalll refer to this description in the
develgarent of the model .

This balance of slb-systams and consequent "atching'” or
"rarmony' between fim and enviroment may therefore be regarded as
a form of orgenisational dojective. Thus,orgenisatiomal suooess
in achieving this dbjective may be regarded as being reflected in
the coincidence of the selected allocations of the manegerial resource
preference system with the gopropriate allocation of resources
required to achieve/maintain steedy state.  Such coincidence would
result in cosenvable equi-proportional sub-system allocation of
resources over a period of tine. Howvever,a mis—maitch between pref-
erence system and required sub-system balance would everitual ly
necsssitate corrective action being taken, and consequent non-steady
state behaviour.

Spose, for eanple, stable parareters (soe possibly defined
in tams of rates of dae) are gperating in the enviroment o
the firm and require the fimtoallocate certain proportions of futs
10 variass sb-systars if steady state is to be achieed.  Approxi-
meting the required allocations permits achievenent and contiinuance
of the steady state, while significant deviatios from required allo-
catias - sy, an excess of resources allocated to marketing, or
rnot enouch to R & D - willl result in fim/eviroment mis-metch, ad
necsssitate everitual conrective action. The firmwhich hebirtually

misHratdhes resources and enviromatt will exibit erratic, ustsble
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bahaviaur, whille the firm which achieves a fair match between required
and actual allocations would tend to exhibit steedy state behaviour.

Such daracteristics of corporate decision meking does inolve
sore potentially restrictive assunptios.  Firstly, it requires that
thare is sore regularity or pattem in sub-systemswith respect
their overall function and relations with their exdermal and intermal
eviromats.  This is inplicit in the conogpt of “gestalt” which
wes earlier suggested 1o be a possible feature of resource prefer-
ass at top leels in the coporation.  Honever the existence of
pattem and regullarity at high lewels of absstraction, involving
techolagical change parareters in dynamic enviroments, is well
illustrated by the wide goplicability of the logistic aune to growth
of techolagical capebility or “key-parareters”.6  Quch gromth
patterms have been demonstrated for a nurber of tedolagies, the
degree of abstraction being such trat typically only a simgle
daracteristic such as capecity/speed/poner is inohed.  With res-
pect to the possibility that top management may perceive a glaoal
pattem in terms of enviromental parareters ad "hetching  intenal
resources, It is encouraging that abstraction denonstrates pattem
in tedrolagical dage, the latter representing pertgps the definitive
darecteristic  of turbulent fields.

Secodly, it inplies that the enviroment is sufficiently hostile
ad other fims sufficiently corpetitive o motivate steedy-state
seking behaviour. By aompetitive enviroment we sinply meaen that
the enviroment is sufficiently unstable ad demending as to miti-
cate against significant discretionary allocatios anay from the steedy
state, ad this gopears to be guaranteed to a large extent by the
pervesiveress of turbulent fields (Erery and Trist (1965), Terreberry
(9®) ). In this respect, Willliamson (197) sugests that the
moderm tt=fam corporation is potentially more efficient in tems of
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profit maximising than its predecessor, the U-form. As we saw in
depter 4, the M-form fecilitates separation of strategic and gpera-
ting cecisias, creating capecity at top-level decisioHeking for
aorsideration of strategic dage. It also reduces strictly
fuctioal matters to divisioal leel, with the corsequence thatt
partisan goal seeking can  be aontrolled or even eliminated;  the
top-level decisioHmakers have a "psydological comitment’” to the
geeration of the corporation as awhole (Willianson, 1971, p.389).
Williarson argues that as a conseguence the M=form organisation ad
geeration is less favourable for the indulgence and pursuit of man-
agerial discretion then the altermative U-Tom due to the “'superiior
efficiency, motivational and control properties™ of the M-form, (p.367)
Given the widespread adgption of this organisation form in modem US.
indstry, the inplication is that the large corporation typically may
face strog effective aompetition - whether real or potetial - in
itsvarias mrkets. In sucth ciranstancss, we assune corporate
menegenent seek the steady state solution that pemits it to sur-
vive ad also possibly to achieve sare grovth. We willl discuss this
latterpossibility further in a later sscion.

Thirdly, it inplies limited substitutibility of sb-systens.
IT steedy state could be maintained by replacing sove R & D resouroes
by equivalent expenditure on narketing, the steady state would not
be awige solution.  In such ciranstanoss  enduring  stable pref-
erencss for resources may not reflect attaiment of a unigue steady
state, but may reflect stagration of resource preferences due to the
adequecy of a rage of altermatives. A problem considered bellow is
how the model may be specified to dotain unigue allocations in the
steady state.



The Derivation of the Preference System

In open system, the mearns whereby steedy state is achieed is
thraugh feedbadk fram its enviroment, particularly negative feed-
ked<;

"Negative feedbeck is informational input which indicates that
te system is deviating from a prescribed course and should reedjust
toa new steady state. . - . Manegament is inolved in interpreting and
correcting for this information feedoadd' (Kast and Roseraveiq, 1974
p-117).7
Ths, as suggested earlier, third level medhenists aotribute to the
maintenence of steady state in an open systan.  Honever, such mechan-
is's db not provide information about steedy state daracteristics as such
they are specified sinply in terms of discrete actiaVirection, nega-—
e feedbadk pronpting corrective action, ad absence of necative
Teadoadk signifying no system correction necsssary.  For derivation
of preference systams leading to purposive steady state saeking beh
Joviarr, we have to fomullate open system models of corporate behaviaur.
Negative feechack  homeostatic mechenists are useful for sigalling
when required steady state allocations are being deviated fiam, an
if the existing preference system requires adjustment.  As th
fims experience and knowvledoe of a particular eviroment Increesess,
90 pattem ad regularity in the features ad performances
respective resources contributions is parceived.  Morton (U6 p
gives custoner eror, feechack through intermediate institution
flov of fuds firom the extermal investment market, and articulation
of new needs from market signals as eaples of infomati
hadk in the Bell camunicatios system.  Whille sore of this is ernro
or negative Teedbadk, sore willl also signal gyportunities and successful
strategies (positive feechadk), and together both types of feedbadk
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ney contribute to the elaboration of a stable preference systam.

The previous section suggested that in an gpen system frame-
vark the managerial task is to achieve a "hatch* between organisation
ad eviramatt in tems of steady state allocations 1o resourcss.
Bviromertal parareters detemine the preference system of the fim
thrach the fim™s  interaction with the enviroment. It is ot
recsssary that the various parareters be isolated ad identified by
lre fimm; it is the contribution of sb-system anbinations 1o steedy
state behaviour that is inportant. A gestalt may be devised with
respect to the pattem of resources that menegement have leamt to
ke effective fraom past experience of resource alllocation in a partic-
ular eviromait.  Althouch the specification and inter—relationships
of system ad enviromental parareters may be extrarely aoplex, pro-
vidirg there is regularity and consistant pattem in systan, environ
nmant, and their relationship, a stable preference system for resources
mey be built up through sinple system-enviromental interaction.
Bviromental turbulence need not inply ladk of pattem; even thouch
veter novement in a rough sea nay gopear dheotic and irregullar when
viered fram close quarters, there may be discemible regular vave
pettens when viened fram a greater heigit.  Similarly turbulence m
coporate enviroment may be consiistent with pattem at higher leels
of abstraction and decision-meking.-

Oe a "gestalt™ gopropriate to the system and eviroment
hes been achieved, the cotrol problem ray be reduced to a third lewel
prdblem, providing the patterm and configuration on which the gest
is based is expected 1o persist indefinitely; negative feedbeck would
signify that the pereeived pattem and corresponding resource allo-
cation requiires adjustment to danging cironstan

This is analogous to Friedren™s exarple (1963,p.21) of a bll
Player who lea™ requit«! actions art performs them skiHully without



ovirg the aoplex and dyremiic equattions wirth which his shots may be
represated in a nathemattical mocel. An exqert billiards player

des not require knovledge of Newton®s  lans of motiion, nor does he

hae t sgparate out relevant variables such as coefficient of fric-
tion, ball \elocity etc;  his skill willl have been develloped through the
trial ad ernvor process of negative feedoadk..  Similarly marege-
mant need not separately identify parareters ad specify relationships
forattaiment of steady state sincethis is leamt fran eqperience of
pest allocations and consequent effects on attainment of steedy state.
Necative feedoadk adjusts the preference system and directs resource

allocation to the steady state value.

A Framenork for Intra—Firm Allocation

e therefore assume manegament nekes subjectively rational dec-
isias on the besis of a stable system of preference for resources,
in the aotext of the corporation behaving as an open system
turhulent fields.  Research and develop*™may bean integral com-
poat in the preference systan.  In develagping a model of corpo
resouree allocation these constitute the besic assunptions.

Since it has been suggested thatt the project-orientated neo-
classical goproach is ingppropriiate for analysis of corporate decision
meking in turbulent enviromats, it jnight be equected that conven
eqoanic theory in gereral is redundant as far as such amaly
cemed.  In fact, given the basic assumptions aove, this may not be the

it j_wwaw mo-fhniinlory
ad substantial literature based on the "assunptias of  subjective
ality" ad "'stable system of preferances'” in the theory of consumer doice,
particularly with respect to indifference aine theory.  Conoepts
cerived from indiFference cune theory il © U010 i developing” mocel,

We assure a fim divi&ai info o distinct functias; - prod.ctiay

marketing (M) and research and develogrent R S D). ty



ceriveble fran allocation of resouross to both functions, perceived
utiliity depending on the contriibutiion a particular carbination of
resources mekes tonards the survival of the fim;  we deal with
possible exponents of utility later. *  In turbulet eviroments,
suvinal is the prime dbjective of the firm ad resources are
deployed with this dojective inmind.  The more resouross avail-
dole o the fim, the better its daces of esuring survinal,
ceteris paribus;  honever, the effectiveress of aontributions of
"urdles” of resources  (or anbirations of sb-systars) depads

an the specific corbination of resources amployed over a defined
pericd.  The iinportance of the steady state in this aontext will
be disassad later.

As far as the resource allocation to each fuction is con-
camed, it may be specified with respect to real expenditure on
the resources employed in each function as lag as relative prices
are held costait; we will assure all fims have eqal aocess o
resouoss, ad all resources are available to the fim at the marke
rae. If relative prices are assued o be aostant, PM and
R & allocations” then be treated as involiving hamogenous res-
arcess; this is analogous to Hidk™s aonposiite aonnmodify theorem
(0%., p-B) except that ». specify w> «oposite resources instead
of ane camposite cairmdi'ty.9

The utility function may be defined as

U==fr YZ}

were ISR & D resources ad Y2 is PM resourcess.
\P.»11 t)*refore esse» that «r preference systemde”s with
o resourcss PM and R 8 D and that we can identify different
, i a%stedsetofassnptids
of resourcss, X, X X' .. XI- ,aA
pemitting the develgoment of a theory of resource doice are set aut
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kelav, based closely on Green™s axions of doice (1971):

D Different allocations of PAM ad R & D can be represented
ty awesk preference ordering; for any pair of resourv. allocatios
Xad X" either XRX" or X"RX or both (@ampleteness)ad if X-X" ad
XRX', then XRX" (ransitivity). The relation R means that one bundle
is regarded as at lesst as good as the other 10 If we dotain a
functian whiich assigns to each allocation a unigue real rurber,
then

UQd > UX™) if ad only if XRX"
ie. the utility derived firom X is greater then or equal to that
derived from X if and only if X is regarded as at lesst as good as
X

2) IFX is a dosen allocation from a set of altermative allo-
ctias ad X is an allocation in that set then XRX" (atioal doice).
In tems of utility UX) t UX™) if ad only if XRX .

3 If X contains at lesst as much of both resources and more
of at lesst ore resource, then X is preferred to X ; that is if

X > X, then X2X" (o-saturation)
If the utility function is differentiable everynhere in the set of
altermative allocations, then the partial derivatives with respect
tPMad R &D are greater then zero.

4 For any allocations X and X* a cotinuous series of alloca-
tas can be found comecting X and X' (©omnectedness)

5 The set of all possible allocations X' such that X°RX is
strictly convex for all possible allocations of X (convedity.

inplicatias of this assumption will be discussed belew).

5 The marginal rate of substitution between all pairs of allo-
catias in the set of altermative allocatios is wnigely determined
@G@moth indifference cunes).

One assunption that is both cerral and more conpllex then
te others is the convexity assuiption. We willl disauss this bel
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but first ve willl assure both functios exibit diminishing marginal
utdliy» as the use of resources In each function Increeses, so tte
amtribution tonards steady state mainterance deriveble fran each
fuction tends to decrease, 1.€.;

Un <0 R&D)

u22<o .@/M)

Tre margiral utilities therselves (" R&D ) ad U2 A ) are
alays positive (fran the assunptiion of non satiety). Honever we
are Taoed with a problem since our assuptios are not strong enouch
to guarantee a convex indifference aune, i.e. a diminishing margiral
rate of sbstitution.  Diminishing marginal utility is neither nece-
ssarynor sufficient for convexity (Green, 1971, pp.83-94 and 36-B).
e can deal with this if we add the “'special hypothesis™ of indepen-
dent utilities (Green 1971, pp.go-9f). HOWever tere are strong
reesos 1o suspect that the utilities dealt with here are definitely
not independent, and sufficiently dependent on ane another to affect
tre relevance of a model built on this assuption;  the effectiveness
of PAMwill be affected by the amount of R & D suplying it with new
ickes, ad the effectiveress of R & D will deperd on the amountt of
PM available t eploit R &D ides. e carot assue that utilit-
ies are independent, therefore

U2 = U2l i 0 U2=U21 fran Yougs Theoram)
Hoever it K- .,v— +wat indifference aunves are strictly convex
to the origin if ad only if

Uu 42>t - 21)~ * W 2*0 < Ge*" 1971,P0°
We know thatt Uu and U2 <O: adU2 > 0 aocoording to our
assuptias. Thereforefor aconvex indifference aune wi
wishing margiral rate of substitution, we requir

U2 ) 0 or au >0
ay,,



This requirenent mears that,as we increese PAM resources, the utility
ceriveble from additional R & D resources does not diminish.

Nomelly we woulld expect the usefulness of R &D resources o
ineee as more PAM resources are mede available to exploit the
ices ad inmovatios gererated by R & D, inplying U12 > 0 ad dimin-
ishigmarginal rate of substitution. A possible qalification

1o this gereral conclusion is disoussad in a later section of this
depter.

Unirt measurement of camposite resources may be defined indep-
admtly in the respective R & D and PM fuctios.  Thus, for
eample, a given real experditure may purchase m R & D resources or
n PM resources where m may or may not equal n depending on measure
et coverttion  in the respective fuctios. As far as
eqaditure on resourcss is aoncermed, manegers face a budget ocon
straint of expected available fuds for resource allocation to be
distributed according to the resource preference systan.  Given the
arstraint of available system expenditure, allocatios to sb-
system can only be increased by trading of T allocations to costing
sb-systas.

The utility of a resource corbination is specified in terms
of contribution  the survival of the firm;  iIn a benign environ-
mat log tem survival may be consistent with a variety of alter-
rative allocatios, but we assure this is not the cas
Corporate allocations are oriented tonards ensuring the survival
of the fim in a dynamic, hostile enviroment; attaint of a steady
state allocation which may be perpetuated indefinitely is an essen-
tial part of the problem of maintaining orgenisational viability in
tuhulent fields.  Mexamising utility of resource allocations
therefore inolves attenpting to establish the particular sty

state solution which willl ensure orgenisational vigbility.
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ggeral, it should be possible o identify the possible elerents
of utility derivable from a given resource budle-, R & D as a source
of imovatias, marketing for selling effectiveress etc.  Ultimately
tre utility of functionsnust be seen in terms of thelr capecity for
redale gereration in conjunction with other fuctions in the faim,
thouh not as project level gererally.  We assume that it is possible
1o establish a pattem or overview in terms of revenue gereration cp-
acity of specific bundles of resouross.

Coviowsly,since the payoff fran allocation to R & D resouroes
is typically highly lagged, the time period over which the preference
systam is hypothesised to operate nust be log enough to permit
nost vieble projects to be worked through to development and subse-
et eploitation. Note that this does not necessarily mean that
the utility deriveble fronR & D resources ks, the utility from
proclction for any time period; as enphesised utility is derivable
fran conbirattion of resources, R & D requiring eventual use of PAM
resourass before utility can be gererated by any R & D allocatios.
It is the ballace of resources or eviration of sub-systam, which
arstitutes the prime decision meking problem at thi

The allocation problem can be described graphically be



Far a resource expenditure constraint of aal meregamantt may allocate
ameximum of Oa resources to R & D and Cal to PAM in figure 5.1 dowe.
Menegement: are notivated to allocate resources  interdad to achiee
steedy state due o the enviromental pressure In aonpetitive, tur-
kulent fields and consequently attampt to maximise the perceived
utility of resource  contriibution tvards tresteady state. It is
asured the demands of the enviroment are such as to ot permit any
aorrelate of organisational sladk In coporate resourcss, and that

the steady state is a unigue solutionwith  respect to the specific
leel of comporate resource eqpenditure Inonred.  The inplicatians

of this assurption are discussed further in a later section.

The indifference cunes in figure 5.1 describe the loass of points
providing equal perceived opportunity for lag term survival .
Al resource aorbinations described by a particular indifference
are are seen as providing the same potential in terms of the presant
\alLe of gperations conducted over the specified tine periad, even
though the components of utillity (such as advertising canpaigs, in-
ventias etc.), and the mamer inwhich future reene is geer-
ated,is liable to be different for each resource cartoiration.

The inplication for manegament described by figure 5.1 dowe,
is that given the rasource budget constraint . ¢and the menegerial utility
function, utility is maximised at d where the highest possible in-
difference aune 111 is attained. 111 is tagentdal to aa at d.
Allocatios oan, sy, 1 1 result in a resource mis-match between
fimand .ewviromat; codtions on higher indifference aunes
are preferred as allocations goproach the steedy state solution,
wunless the steady state solution is achieed, in te log nn
corporation willl be non~vigble.  On the other hard, allocat”
1 *1 are too eqasive for the firm to consider even though they
gererate greater utility then 11j1 corbinatios.  Point d is
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therefore the highest availlable utility point attainsble with
aailable resources, ad since the preference system is exressed
deterministically, corporate manegement are assured to have knovledoe
of this conbination of resources, the carbination most likely o
garatee future survival in the face of actual or potential can-
petitian; it is assumed that at this level of abstraction there is o
sighificant uncertainty pertaining to resource allocation.

In short, given the resource budget described by aal , attain-
able allocations other then at aal are inefficient in that for
the available resource  exenditure they provide less than maxinum
eqected utility.  Since efficiency in the sase of utility
meximising is assumed to be necessary for lag-term survival due
to eviromeirtal press»«, for » « « budget aal, altattio. <=
then at d would be non-steedy state allocatians, and not tereble
incefinitely.

Utility meximisation does not guarantee attaiment of the steedy
state.  Firstly, manegerial preferences may be incorrectly specified
for steedy state behaviaur.  Negative feedbadk firom performence of
resources shauld adjust preferences tonards the gopropriate steedy
state system of preferences. Overly slew adjustment of preferences,
or persistently incorrect preferences will result in eentu
failue of the fim.  Secodly, it may be that steedy state is
fessible for a particular firm in a particular enviroment.

Unless Firm or enviroment is changed sufficiently repidly, it wil
result in the failure of the fim.  We will assure that "Tatural
selectiai’ "wesds aut™ firms which canot attain a steedy st

match with its eviroment.  "Nature! selection” necessitates that
stable preference systams for resouross, coinciderttal with those
required for steedy state behaviaur, evolve through feedbadk fran the
eviromait  ard result in fims cgpeble of developing appropriate



ad effective steady state preference systes. e therefore
asure surviving fims are both  able and required to attain steady
state allocations intended to maxise system vidditity. 1
This "'survivor'* hypothesis alone, hovever, is not sufficient to
garantee utility meximising behaviour;  as Alchian (1990) points
ait in an early statement of the ratural selection argurent in an
eqoanic context, "'even inaworld of stupid men there would
ke profits™.
Natural selection favours the relatively efficient, and there is o
requirarent that these are profit or utility meximisers.  In orter
o justify the assurption of utility meximising, naetural selection woulld
gear not to be sufficient.
In fact the assunption is nore reesoreble In this analysis
then in Alchian®s, since the preference system is deterministic in
the present case, whille in Alchian™s amalysis filts geerate in codi-
tias of pervesive uncertainty.  Because of the leel of astraction
ad goplication of the preference systam, the fim is assued t©
hae adequate knovledge of the steedy state balance of  sLb-systens,
ad believes that if this steady state is not attained and maintained
it is wilrerable to attack from other corporatians who may perceive
thet it is mis-matched with its eviromatt.  The relevance of
uncertainty in our aalysis is restricted o lover levels ad micro-
prooesses inthe corporation, and cosequently the assunption thatt
corporatias are uti lity meximising steedy state seders is fecili-
tated by the assurption of determinism at higher lewels of aostraction.
It is inportant to establish he such utility functions may
ke related to corporate budgetary conventians disoussed earlier.
It hes been suggested that the indifference aune amalysis must be
defined over tiime periods long enough for the utility deriveble fram
R &D to be gererated, in effect the very lag run when tedrolagical
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date can be Incorporated  imto firms production functions ad
prodet lires.  Yet usually corporations decide to allocate funds o
r 8D on an amual besis, typically using the rule of thurb tedn-
iQes described earlier. Is it possible to recocile differences
between the utility amalysis ad budgetary converitians, ard if o,
he?

It nust first be enphesised that the doice of tie period for
apartiadlar set of indifference aunes ad resource constraints is
abitrary, providing of cauree that they exted into the very log
rn. This is because the basis on which utility is calaulated is
the sare for all such indifference aunes, irespective of actual
e periods over which they aro defined; eqpected utility of future
sbsystens allocations is calaulated fran feedbadk on past perfor-
mence ad derived utility of all previaus allocations up o the
presmit tine.  Thus, in figuro 5.1, the actual tine periods over
which the indifference aunes and rescurce aonstraints may be defined
ouldbe, sy, 15 0or D years. Essertially there would be no differ-
ae betveen the two different msets of indifference aunves and resource
arstraints, exogpt that in the latter case utility ad resource
arstraints would be negnified by sore factor conpared to the fomer
e, eg. a dobling in the case of eqected zeyo  gronth of the
corporation.

Shce « have assured that the "yge«nt =«* *
steedy state, the gross allocations perceived to be required for
survine! in the log run »ay be amually districted to sub-syste«
acoording to Von Bertedanffy™s definition of the steedy state as a
time-iidependent state in -hich the ratio of the systems events
is aostatt (1973, p.167). «ever, this does not «an that the
sae absolute resource etparditure »ay be distributed o slb-systers

in each time periad; even tough * asse the primary <ivjectrv,

L_ ictpni” With



regular steady state expansion of the resources budget.  Corporate
goith In an eqanding industry may be a normal part of corporate
geratiasj the static firm in such ciraunstances may be seen as
potendally wilnerablle and wesk, inviting attention firon predatory
mals. Thus, pursuit of the primary corporate dojective of
auvinal may be reflected in sore degree of corporate growth in
sbsnat tine periods.

IFvwe assure that the particular set of indifference aunes
ad resource constraints in figure 5.1 are defired over n years, ad
that the expected growth of the corporation in terms of available
resoure experditure per annum is Kb, then the conditios we
asaumed for steedy state expansion of the Fim neasured on an

amal besis are:
......... Ny ®
HXMh "
Xt €50 -0 "TTo-" “2..-°0.. %h Vo

t o XlaM X2 are the average rescurce ependiture in the first
year for  and Y2 resources respectively.  Resource eqpenditures
(b ard ba are Treesurad In Y2 inits (e figure S.I).  The a0
states that if the fir is expected 1o grew in tems of a particular
aral gromth rate, then the cor«™, sub-syste« will be expanck!
at the sare amual rate over the periad for which the indifferec
aunes aid resource constraints are defined.  This not only satis
fies the Von Bertalanffy definition of steady state, it ia also con-
sistent with the widespread exqorate convention disousaed earlier,
of anually al locate fuds to R >» and «her functios on a percen-
tae of sales besis. In the sigple AdSe “hre °f
awilable corporate resources s eqoected, the oriiginal amual allo-
catian! to suh-syst-s persist through»* the tto periad «i
*,®m x ,ba. factorisation of the conponents of

1. n 2 n_ —norations acoording to
utiH+u ooncti+uent amual resource al



steedy state rules, is oe interpretation which may account for the
rule-of-thunb percentage-of-sales budgeting practices, though of course
otter possible explaratios could be suggested.

As far as the determinants of resource allocation are
acermred, Von Bertalanffy has shoan that for goen systens, tine
Mcpendent stea* states nay depad in certain ciraunstances only
o systemgeecific daracteristics, «e dall similarly ass»e that
there exists for each firm a unigue steady state solution determined
inpart by n intb>-fim daracteristics% ...V  ®ese mtra-
fim daracteristics may vary for different fims in the sare indcs-
my resulting in a variety of steady state solutias!

Vi - Xl > (hhere Vi is the steedy state solution defi-
rned in tems of fraction of. available resources allocated o a
geecific sub-systam for the 1°th fim)

V« Bertalanffy"s a™ysis of steedy state determinatione 1 -
ites systens” daracteristics rather then enviromental darecteristics:
providing the enviromant of the system gererates sufficient Ufe
raintaining inputs, the enviroments may be regarded *s tanegen
all intents ad purposes for Intra—gecies analysis iFf mechanic
anert the varioss inputs into hanogences units though various
gecies - seecific energy conversion edages. Hrery
(19%) ad Adby (1990) have shean honever that steady state beha
mey deperd on enviromental daracteristics, especially
uder consideration is a social systan which does not have struc-
turally determined input conversion tedmiques.  The sy

_ . o Its eviromait  ard seardes for a
such ciranstances adadts o Its

_ . a om TvrdV determined by, the
steady state solution appropriate o,
_ o nmod that the Industry or industries in
evirament.  If it is assued et th i
e HS eviraTElt, we can

which a firm goerates are synonymaus i
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inlstry daracteristics for the industry inwvhich the i th fim
gerates).

A further definitive quality of open systam is Inplicit in
themodel aowe, that of equifinality.. According to Von Bertalanffy
"IF gpen systems. . . . attain steady state, this hes a value

equrfiral or . impendent of initial coditians”. (1973,p.F*0)

Tre final state is determined by the system and enviromental para-
neter* and relations;  consequently even if system actios ad
allocatians bear no relation to the steady state origirelly, itwill
ree tonards the steady state solution which exists 2ependently of
existing allocatios.  Otherwise the systemwill everually fail.

A corollary is that If two or more systers (fims) are geerating under
similar system and enviromental parareters, the steady state solution
»ill be equivalent for all systens (fils).

Tta our systams mmdel s specified as a utility mexiadsirB
deterministic notel with static preferences for resouross. *ile
such formulation may appear ettrenely restrictive, itwill be
justified if the evidence considered  in the subsequentt dep
ooreistent »ith such description of corporate behaviaur.
which should be enphesised, horever, is the restricted
decision which will be studied.

0* agpect

* are »seemed with allocatios
1o functions decided at high levels of astraction, and only steedy
state allocations in this sub-set of corporate cecisias,  te
sugested earlier, behavioural theory might be gopropriate for
dealingwi«r “steady state — .— n “
aoe amplerenting rather then substituting behavioural theory.

imignoness of th» Steady State

) ) . nfthe”™ 1 deelged dove that there
It is a basic assuption 0
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sasimgle steady state allocation which fims nust attain if
they are to survive in the log nn.  Hxewr, there are possible
dojectias to the restrictiveness of this assnption ad two of the
nost potentially significant are disoussed below.

Firstly, there may be a sbstantial threshold as far as the
nninum size of R & D laboratory is conoarmed, violating the assump-
tion of strict convexity. In such circumstances there nay have to
ke an eqlicit doice between research intarsive gperation ad virtually
o interest INR &D, as far as the individual firm is concemed.
There may still be rmom for fims adopting the latter course I they
adpt a "'subordinate’ or "'deperdent’’ strategy (see Fheenen 1974
p-274-6) inwhich they act as subboontractors for large finms
inte indstry. The lare fims my tleratethe existence of
smaller fims operating in this fashion since dependent fims may
act as "uffers'” taking up mich of the variation areated by environ-
mental turbulence, and survival may also be fecilitated by lov over-
heeds or other special advatages at lesst partly offsetting their
strategic disadvantage.

Since "dependent’* finis tend to be smail, satellite funs, the
potertial significance of the above qualification is diminished
sae extant by the enphesis in this thesis on tre lae o
both in the preceding amalysis, ad in the studies of thenext three
depters.  1he possibility of threshold effects in certain tedro-
lagies being lage enough to have a significant effect on corporate
decision . Xing even in large componations euat h»ever he recognised.

Seoardlly, it may D the cose s PoUTHE IS ot strag emough

) o T ailocation of resourcess.
0 ensure a wnigque solution in terms

This is particularly 1taly to he the case Iif there exist barriers
toentry or competition in particular indstries, ad in such
circumstance manegerial discretion «er the pursuit of goals other
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then tre survival of the fimmay be parmitted.  To the extat that
apetition is inpeded and manegerial discretion over resource can-
bination is fessible, there may be more than ae resource alloca-

tion solution consistent with survival . Further, the higher the
substitutibility of sib-systars, the less sharply pesked will be
indifferance aunves with respect to specific budget constraints, ad
the greater the range of fessible nanegerial discretion.  This is
demostrated in figure 5.2 below, inwhich indifference aune aal
inplies a high degree of sub-system substitutibility, while b

inplies a low degree of such substitutibility.  In both cases,
anbination X represants the unique acarbination necessary for survival
if On resources are available (ressured In\ wnits). Honever iff
there is available resource expenditure in exosss of the minimum
required for survival ,of m (in~  wnits), then the range of discretion
over resource conbination s ps in the case of a high substituti-
bility, but only gr in the case of 1« sbstitutibility. Ths, a
small amount of slack resources may be cosistat with a relatively
wide rage of managerial discretion if there is a high degree of
sb-systen substitutibility.  As wes inplied earlier, substitutibility
of sub-systars may threaten the unigueness of the steady state, ad

& the dbove demotes, degree of substitutibility is closely related

1o the range of pemissible manegerial discreti

Figure 52



Hoever, there are at leasst two qualifications to the possible
inportance of manegerial discretion in the present analysis.
Firstdy, barriers to entry typically refer to individial prodcts and
processes, e.g. econanies of scale, patent protection, advertising
ec.. It isworth re-emphesising that our concem here is at
fuctical level in the corporation, and that whille specific barriers
mey exist at loner levels, the significance of a particular barrier
toattry is liadble to be diminished at higher lewels unless a cor—
poration hes an across-the-board advartage which camot be rulli-
fied or replicated by conpetitors working in other product aress.
An eamle of this might be a highly productive R & D team, whose
aeativity and inventiveness camot be matched by aorpetitors.

Secondly, even if a corporation”™ gopears to have nominal
discretion over the allocation of fuds to slbsystars de to relative
weslkess of existing aopetition, there may stilll be factors inducing
resouree utility meximisation.  The threat from potential competi-
tos may encourage utility meximisation and dissuede manegament
from purstence of other goals, iIn case they lose groud to new
atrants who perceive manegenent are not taking advantage of all
grortunities. Also, fear of take-over cauld stinulate resource
utility meximisation if failure to do so signalled wilrerability to
potengal raiders.  Both these possibilitieswouldenocourage main-
terence of resource utility meximisation as ameas to log ran
aurvinval, which in the case discussed aooewauld meen ut "ty
awailzble resources On (essured In\ wits).  This is 31°
at point v on the dotted indifference aune in figure 5.2.

In practice fims are liable to achieve sere degree of dis-
aretion at various points in their history, for lag or short periods
oftinre.  In such cirourstances manegement ney pUrSLE o
origtted goals, such as sales, eluents, staff eploynent etc.
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It is 1o be hoped that in the presant amalysis these possibilities do
rot distort resource allocatioss sufficiently to render inprac-
ticeble the testing ofhypotheses besed on the framenork develloped
here.

Oe last point should be enphesised honever.  Uniqueness of
steedy state solutions for individual fims does not necessarily inply
itwill be the sare for all fims in a particular idstry. As
sgested earlier the steady state solution is determined by the
interaction of intra-fim and enviromatal variables, ad conseguently
differences in the specification of individual firms inan indstry
aay require differences in the R & D profile or budoet.

Hiprvirchical Structure of Preference Systam

The model above iIs concermed wirth resource alllocation between
to fuctios, R &D and PAM.  Hxciver, It IS based on the idea that

tee are identifiable systemic properties at high lewels of abstrac-
ad in tre overall system.  Allocation is top-dam, higher level
carareters an relations determining preferences at a particular
leel, which in tum provides die exenditure aailable for

bati» mmg lorer level systers. 1d the extent that stable pattems
are pereeived at loner leel, preference systams for resourcss wirth
respect to subsystem allocations say be operational at those lewels,
tether th» simple aggregative "bottom upg* «Uocti», diere«y le
a hiererdy of allocations of resaurces, allocations to systams at
higher levels may constrain allocatios to systems at 1

for eamle, in fig. 5.1 the allocation ofOb resures o R50

aysttutes aconstraint for all allocatios 1o R & D sb-sstas.  The
__ &, inctzhlP we
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wauld expect sub-systam preferences to be;  this is aalogos o the
inferred stability of "etarules” referred to by Nelson (1972).
Pattem perceived at higher levels may not be paralleled by stable
"testalt” at lover levels where enviromeantal turbullence would be
epected o create sub-system wilnerabillity.

Honever, assuming that stable preference systars exist at sub-
systan leels in the intra—fim allocative prooess, it is a natural
develqrrent of the above nodell that a hierarchical arrangement of
system preferences may be identified, lover slb-sstars” being aon-
straired by resources allocated fran higher stb-systers.  This

is Hlustrated below in figure 5.3.

Figure 5.3



Rgae 5.3 a°\e is a raturai hierarchical frarenork within which
resauree preferences might be arraged.  Ghoiice is mede betveen
resourcss formaintenance sub-systens  (production and marketing) and
acgptive sub-systens, in quadrant 1. Resources allocated o this
latter category constrain resources availlable for allocation to
st for extermally gererated innovation ad R & D (see quedrant 2).
Tre chosen resource allocation for R & D in quadrant 2 aostrains
resourcss o be distributed between the development sub-system ad
ressarch slb-system, (quedrant 3).  Research fuds In tum are
allocated between basic ad goplied research according o the pref-
erae system in quadrant 4.

It is assured Hat there is only a sisple two sub-system doice
tobe mede at each system level in the hierardy. Wore caspllex
mwctce nay be conceit«!, e.g. a sinultaneoss three sub-system

as 1o whether to allocate R & D funis to besic ressardh,
gplied research or davelgoment, and indeed the problem may be ma
ne gereral by analysing it in terms ofecustrained al locations to n
sb-systas.  Hovever the "“top deal™ hierarchical arrangerent of
allocatias sinplifies the prablems of amalysis facing the decisiont-
meker at each particular level: and f1 /102 OF the last depter
sugests that this restriction is employed in actual decision-  w
(e.g- the simple two or throe subsystem decision where resources are
allocated o R & D and productiaV merketing).  The acue® » ©
swtas inolhved and their place in the overall system hierarchy, may
of course depend on cirounstancss.

ror the marent, this outline of resource allocation decision
meking willl suffice to provide a basic model of corporate d
meking. A modificationwill be introdboed in dhepter 7 1o deal

with cases wherc the assurption of strict convexity is violated;

J _L Kacic research, vwhille many
saore R & D performing fircs do not co
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fin* do not conduct any R &D in the first place.  In dgpter 4 it
,#8 sugested that fims termed to prefer less uncertain sub-system
tonore uncertain system, oeteris paribus, and we willl subsequently
inestigate circurstances in which certain sub-system ectivity is

rot udertaken, as well as the factors encouraging take-up of previously
neelected sLb-system activity.

Conclusion

mn* pu”~se of this chapter has been to develop a holistic
art hierarchical nodel of fractional allocations in the fim.based
as closely as possible on the observations of business behaviour and

related open system interpretation of chapter U. A number of re-

lated art »tually -~forcing threads facilitated this develop»*,

the apparent existence of gestalt pattern * high levels of

abstraction, * e relevance o, goen* s t» cortepts so* «mo«* -

tiation art stead, state to connate behaviour, art the observed

terterty for allocations to diffuse fit* higher leve

- a. *j,e develgment of a systemic, non
levels,have all contributed t

aggregative model of the firm.

, U 11959 |goint out (attributing the
As Rapoport and Horvath d 959" P°
, ® <wt to Alfired North Whiteheed), the "‘constraining
original insigit to Alirea )
frevenork of thougt™ in the developrent of SCience has been the

e Pl c i leps

overwhelming emphasis on analytic thinking»

to understand o b e sity by examination of constituent p «s .

W tivity and aggregation of parts dots in Sk o e

range of observed art as art Hcrvatt «

it leads to the t«ptation to generalise analytic thinhing to al

aplex phenorera.
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Analytic thinking hes similarly dominated economic theory in its
deelgatt as a social science, ad it is only recently that non-
diviethle conogpts at a higher level then the project have ettered
into econamic theory, for exanple behavicural andPenrosian theory.

In fact, the significance of such develgarent in the case of betavioural
theary ves gererally overloded, attention being conoartrated on the
Hate as to whether or not it constituted a geruire, refutzble
“theory'', or to what extent it could gereralise to differat orgat-
isstios. In this dgpter we have atterpted to devel a hierarchic,
holistic approach to corporate decisioHmeking in which pattera or
"oestalt” formation replaces the reductionist perspective inplicit

in necclassical theory.

The sitple system™ model of «* fi0T toel°kKd
«ill previce a besis for study of dosernve™ eorporate attitudes ad
allocados to R >D.  It«ill be utilisd Inattains
eplain differences in decision rules for allocation of fuds

the R & D function in chapter B.
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4rvipi et there s evidenee o sugest
SiftSI1SFfSSS

is not ;«roily aopreheded.  «*Uer

1%67) states torpor«) behaviour,
'(eTﬁ'asis is uyon the ™ting tt;)/p&pla)ln this

«K . —

ocorrespording to turbulent fields).
See for eaple, "Flevdiagram® FNET

p.207). AN, TS "™e S S”™X ¢henaualysdmiaro-
i1 SKJS ScS S el,”mdel of the solar
systam.

The inportant distinctionbetveend "I n*e”~Sa f

their relatne durabi li” potertial servioss ad een, for
resouross consist of a “ ¢ , tly of their use, while
thenmost PN, bedrfing”~P~"e, p2bH).
servicss carot be so aexine

77 X

See his article for full argment ad aalysis.

In an eqplicit systars cottext, th fn|q ISX em!(%egﬁb—é}gtemog_
ordination, conmtrol ad dlrectl ition (Katz ad Kamn,
aid adgptive subsystems in the

orgenISsaxi
1986, p.39).

, - c A ~nlative tedmlogi'cal fore-
For les ad r‘rypoﬂes pattens, see
casting on sudi percexvedj (1990).

Martino (1972), Cetron (190) ama ny

Seealsol@lzam}d%d% f; 22), \n Bertalentty d 973>

P A2'44)= ctiidied by the beravioural theory
This latter prablem is the area ~ chviation iron steady state
of the fim. Action

__ Of the steady State itsel
L T

ailevs be treated a5 it
A collection of physical ’\’\’\’\glngle aomodity 0 long as

e oy SOl I e WO, I U other
particular problem inben -

N given, ey canbe  pe
consuption goods areas yior “purdesi .
tafﬂ"er into one comodity TN ) 1|cat|ms |f§mf; in rela
£27?. Similarly inCGther ~ ’\Tegltlmate 0 ass«»
fivewages are tobe « He « ™ (jéb6,V » >
all labour homogenous'™. HilGke Gie
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We woulld expect substitutability of resources between functios
glbe Imbg]agmofs}ur'btn- R&Dsrzlerrtlslsobnotbeocmeme
esten rmdwsnies n preferences

S S 3 referred to above would gererally geerate over a
numberof calendar years, providing both time to dotain utility
fran resource allocations iIn long horizon fuctians, such as

rT d ad marketing, and goportunities to rundam, build up or
otherwise adjust function allocations as required.

i525\£22 r .

Frsisss 1BV

rechenisi™ihose cor"spfrg”™~""~"S~™~Sand
hovaver the medenism "SnfSSe~Si-purrosive

corresponding resource adjusre >, interaction with its
geretic inheritance medhenism. T tre inplications of

TAPIR S BRI HER s O for TRIEIR performenee
ard vigbillity and adbpts allocations tires a less flexible

%O%oe I’VIVI mﬁ%r% o Shuctr structural arrangenents of
organiSTs.

The framenork of the

pH ofbetween func-
dages in relativecarposit ~ Sithin fuctas, ad
tios asauming costatt relat P _riceMad inones m a
steble preferences. Changing conCem of consumer theory,
stable preference systemisal = . flect the reverse of this;

but in fact our cmoemv\ouldbe in hal es inpreferences in

e B or it retative prices 1 AP corstraints,

13. See also Katz ad ke (196, p-5-%).
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CHAPTER 6
Buobet Decision Meking for Research ad Develgarent

As an iniial examiration of the relevance of the systens frare
of referae develgped in the preceding dhgpter we willl exanire the
patten ard distribution of decision meking tedmniques erployed by
\aias types of fims in deciding the R& Dhudget. As will be
ceostrated, there are ooccasionally substantial differences between
gays of fils separated by time and intermational boudaries, ad
ressrs will be suggested for such differences. The amalysis of the
degoter may be seen as a direct developrent of the early section of
tte previas chapter in which were disoussed prablens of aostraction
naplex systens. It may k& regarded as interpreting Simos
stateett, ‘Han .- . . is a pattem finding animal’’ as a testable
hyottesis since it disousses requirenents for establisment of p
iNR & D bucketing, and attampts to elain differences in budgeting
anetda in this light.

It «3 argued in Chepter * that large »odem corporations in the
»K ad US. exhibit stable prefers for «ploy*« of R « D resouroes
relative to other fuctios. Hie tedency for R S D budets 1o be
decided on , percentage of sales besis »as cited as suypporting evidence.
i corventticn has been wicely aocept describing the main decision
=g criteria adopted by such fims, as »eU as being frequent y
aiticisd for its "usoud” or Mirratioal'” rature.  Hantion »es also
rak in Chgpter a that exoeptiions existed to the rule-of-F-b conv.htirn,
a* it iswith these in particular that this dgpter is ancemed.

The first exception isprwi.dedg]armentwwofR&Dbmirg
in large Snedish corporation in research intensive industries (hoslud .
Sllistedt <197U». It provides evidence apparently contradicting
Previous studies reporting »idespread adoption of percentage of sales
aiteria. Of the 9 fires respoding, Ga alloyed R 6 D -sources re

umfMitmm



adctig their business;  "Amalysis of single projects'’l wes used 56
tnes as amethod for determining the budget, " percent of forecasted or
peias sales” 16 tunes, other methods 19 tines.2  Neslud ad Sellstedt
ardluk their study does not corfirm previous studies and goinias
epesisirg the inportance of rule of thurb methods (p. ) ad state
tet, "'oe uderlying assunption in the work in this area sears to be that
first resources arc mede availlable and then research and product idess arc
paled.  What we find indicates that it nay sovetines be the other way
aard. It is the quality of idess that explain the size of the budet.
G idkss might also gererate their omn funds meking barnks more willling to
ayply laars at favoursble tems”, (- 70-7D). Neslud ad Sellstedt
alo ariticise the "inflexibility’’ of the peroatage of sales criteria
@ @) ad sugest the role played by the R & D budget inepl ™ g
R&D aess is vage ad little-konn.
The project based method wes also reported in the U.S. by Bloan (16D
o tre besis of a series of interviens with eeautives.«  The most comon
rly is that the number of worthwhille ideas added Lp to that amount (th
; Fon the bottom rather
bhoet).  Apparently resecarch budgets are bul P
- A in aount =t
tren fron the top con. Onlly in a faw copenies i a cart
) ) - ,, - Ges - ad then allocated
asick for research - say, a certain percentage of
- . rae first ad then the
aay\varios projects. Inmost cases e
3
allocation of fuds."” (p. 610)
As with Neslund and Selistedt™s aalysis, the qality of idess
_ . . = a Galo (B writing a dort tine
project besed budgeting is epesised. . bam
later else contended that in the n

B} = 2 Maooner is then allocated to
pragram is first prepared by projects. Pov

. . +C arc us=d o calaulate the
tte varias projects ad aerage salary ra N . ,

i Kap treir coclusios
to« salsv buds*." < *». Both AN L

- ._j 4o that extent must be
a casal doservatiion of industrial behaviaur,

. t ., rthios with the earlier
treated with resenvations:  Garbo in partiicu ar
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description OF R & D budgeting in a large firm by Reeves (1958) in
which the R & D budget wes established by a "“tgp-dowi* procedure.

Trere is at least one other area in which project besed budgeting
for R& D hes been well documented recently, that of stell R & D-performing
fim in tte bhited States.  Hogan and Chirichiello (1974) and Smith ad
Qrerer (1968) both conducted analyses of srall aopany R & D budget
sy, "sell'” being interpreted in both cases as fires enploying
kesstten 1,000 people. Hogan and Chirichiello, whose amalysis is
kesd an an N.S.F. sunvey and personal  interviens with top officials state.
Th the sail copany the R & D budget is usually "tuilt ' by nanagerent’™s
ewaluating the proposals of each of the R & D professioals.  These
prgasals are weighted against corporate dojectives and available resouross. p.28

In another study based on a nurber of case studies of R & D performing
fims InU.S. indstry, Snith ad Creamer conclude thet as far as s
fims in the mechinery, dhemirel ad electrical indstries are concermed,
"Vhille nest of these catpenies do . . = provide for sane form of budgeting,
plamirg ad review of tednical program at the corporate leel, inrmo
e wes the person intervienddl ablle 19 gtate a definite rule goveming
tre lovel of amal eparditures . 1'4{{[]]* This is in contradistinction
10 tre evidace reviened earlier with respect to budgetigm the larger
fim, Invwhich it wes the consensus that percentage of sales con
adefinite and widespread method of budgeting;  honever i
consistent with the findings of Bloom and Hogen & Chinchiello m which
tre buoet wes revised not according to a preprograned method,
aoordiing to the situation as it prevail the e Cim_
ad gyortunities gopear to exertpomerfn STflLences over buoget setting
A the srall fim.
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agiments for Esteblisment of Steble Preferences for R & D Resouroes

Ths, studies in three sgparate arees anphesise the project besd
gpedes terd to be utilised, i.e. Swedish fims ad sall US. fims
ntte presat day, and US. fims of the “mediate post-var periad.
Ihantrast, studies of large US. aid UK. fims tad to suggest that
te buet is decided from the top donn. Whille noting the variability
innethod and reliability of the different studies, 1twould be a useful
gplicatian of the model develloped in the previous depters if it could
aount for the differences between the to sets of studies.

In this respect, a significant feature of the hierarchic goen
sstEmnocel is that it reverses the erphesis of necclassical theory .
Intte former, consideration of system behaviour is besed on aholistic
arapt of system sgparable from component elenents, whille in the latter
the daracteristics and behaviour of the system are totally determined
by the properties of the constituent elects. A direct cosegene
of this reversal is thet, wheress In the Jjgpcjgssican”
itves the project based budgeting.method”~than”
ttestation, of the model, In
tedmicues of the laree US. and U . KABg-  Consequently, in this
frare of reference it is not the behaviour of Fi® ploying budgetary
anvatias such as peroantace of sales that are interpreted as deviats,
hut the other groyp of fims employing project besed netihods. It is the
aerrant  behaviiour indicated by the studies conducted in those aress
vhich must be accounted for by the systams eplana

To achieve this, it is useful to consider the cirourstances in which
ae wauld expect the system frare of reference to hold.
itwss suggested that the corporation manegament perceive patte
systam ad enviroment relationships ad that perogption pa NN

,» = 4ypfim.  Appreciation
aoorues through managiing and allocating resourcen

. = _ of differeit resource allocatios
of the cgpebility and daracteristics
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cbelgs throuch a leamiing process  in which eqoerience plays a cnucial
e

Inplicit in this interpretation are the assumptions that corporation
nereceratt hes sufficient experience of sub-systam daracteristics and
linerss o establish an "oerview' of Its situation and systeveviroment
relatios, ad that individual projects are not significant enouch in the
antent of the overall R & D function to affect meregerial steedy-state
reue prefaraces.  These assurptions nay be formalised as two coditios
far stable preference for resources ;

@ Meregament hes extensive eqeerience of R & D resources.

(@) Camporentt projects do not dominate the R & D programs.

Violation of either of these codirtions would mean that a stable
preferance system could not be established.  With this inmind, the
geeratirg codirtions of the gmips of tbm predamrantly «ploying pmjert
besed budgetary methods are dissoussed bellow.

Cd fires in the late 1990s  This period just prececes the
wicesoreed institutionalisation of research InUS. indstry, as Sa
earlier pointed cot, Although institutionalisation had been preceding
for s9e years, it is only in tre later pest-u» period that 9« 0 developed
into an acoepted, integrated function in the corporation ard professicalisad |,
Olare (I959) [uts this develgment in [Raaathe by irdicating trat: the
»»ber of persomel employed in US. industrial 9 » D laboratories roughly
dobled eve SJ years free 1*0 to 1«. and fro. 1 « to 1957, persorel
aiplcyed quedrupled (p. 137). A further indication of the dange in
9«0 relative to other resomoe « r is irdicated in figure 5.1 in***
is indicated the growth of industrial research as a persan ¢
gtss rational product in the sare period Clare 1963, p. 137)- g
6.1 indicates that the gronth of R « D relative to other resource uses
inoreesd rapidly In the 1950 s after a period of relatively steady gronth

@Gat fron te. 199045 period).
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Performance of industrial research in the U.S.A

SIRE: Clare, 1983, p.137

In such ciraunstances corporation menegament waes typically
ineqerienced in handling and integrating the R & D function - irevitebly
in aondittians when the nurber of compenies utillising R * D increesed by
B ina five ye” periad, 19590-55 (Clarc p. 963, p. 137). Consequently,
with R & D still a youg and relatively unfamiliar activity to most fire,
aodition (@) above would not be _gererally gpliceble. e would ot
epct stable resource preference systans to ke gererally geerative.
(9] Small US. fims in the preset . The wilnerab  ty
both requisite conditians is indicated when the gperating conditios
of grall and large finms arecompared.  Ceteris paribus the larg
allocates a greater asolute amount to functions compared t©
fimof similar R & D intensity ard consequently there is grcater goportunity
to dsene the daracteristics of respective resources
,Jairt-ion @) becares tenuos
, at lesst partially aopensate
nreiects (Hogen ard ChirtdsellS

Projects of a given size ad exaditure,
& siz of fim decreases.  Small Fir® -e
for this bv admitinc lov-uncertainty, short
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w74 P. ), but if any significant degree of radicalness is
associated with the small fims R & D portfolio, the fim is lisble
to find absence of both conditions inhibiting the develgarent of a
steble resource preference system. e woulld therefore effect srall
firms to be less likely then large 1o exibit stable preference systens.

© Swedish fims in the present day

Qe it is pointed aut that large Sedish filns are sl relative
o lage US. ad UK. ocorporations, It is possible 1o place the Neslud »
ad Slistedt study in an gopropriate perspective, Neslud and Selistedts
saple of "large” Swedish firms wes constructed on a stratified besis
of 2 fran fims with 100-19 emloyees, 206 from fims with 200-99 amployees
ad 63 fran fims with greater than 50 employess. Further information
annuker of enployees is not provided, but it would be reasoreble o
a=are that the median firm does not amploy significantly more than 50
eploess.  In the context of Swedish industry these are “largg” fims
a8 Neslud and Sellsted™s abstract suggests (. 67).  Hever, not anly
is Svakn a sraller contry with a sraller G.N.P. then the US. or
it is al less roscaroh intesive; 0.E.C.D. statistics indicate that in
angs of R & D expernditures in each contry in a three year pe
(935), in specific years R & D firenced in industry as a percentage of
ret indstrial output wes 1.8, 2 ad 3.3% in Sweden, UK. and US.
resectively (O.ECD., 1971, p. D). Wiy germment farencing of
irdstrial R & D is taken into acoount, the gap widens ©
regectively. In such circumsstances wat would ke a1l g
pragame in Sedish industry would be relatively insigni

otter o countries.
In Neslud and Sellstedt™s sanple, »0» of A™  employed less then
Spaple.  Inthe US. in 190, »2 of fuds for research

ad cevelqarent Mere distributed in firms eploying sore t

Parsarel (NS.F. 1973 @ p. ). -9-U * *Us"
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as iindicated by the Hogan and Chiirichiiello and Smith and Creener
cefinidas,would be a term gpplicable 1o nost of the fims in the
Neslud ad Sellstedt saple. . This interpretation is reinforoed by
Neslud and Sellstedt™s finding that the president or board of directors
waelly decided whether to inplement individal projects (p. 70).  This
fecilitatsd the decision making process of U.S. fims of the early
twentieth century (s Chapter 4) and consequently top maregerial
decisianekirg is typically conducted at amuch laner level of
abstraction then in the large multi-divisional fims of the US. ad
UK Coseguently the sare arguments against the existence of stable
prefaraess in sall U.S. firms woulld be goplicable to modem Siedish tins.
A further mason why Shedish fims tend to employ a project bese for

buobeting R & D may be the orientation of its research and development
effat.  Dorfer (1974) points out that tue main Swedish R & D effo
Fed been in the maim of "big science»,6 defence and atnic energy (. ~>>
with strag relations and spin of F between industry and goverment research
inboth directions (. 138). By definition, big science invohes large
sale projects requiring large comirtments of fuds, further weakening
condition CU) abowve in a context where firms have relatively small R & D

1o be influenced by project
+ ,4m relations between indstry

prayames.  Industry might allso be expe
ewaluation tedmiques enployed by goverrm
ad govermment are o close.
nations of Stable Prefgngesjor”™n
In the previous section It wes suggested that iF efither of coditios
(i) or @) wereviolated, stable preference systema for resourees would not
evolve.  The ciroumatances inwhich cation grapings @, 0» an

(O geErate are such as o indicate the relative wilrerability of

critias @) ard i) in =Eggq1j(c)amcuditim(i)ingrap(a).

r M and (¢) usefully test the systems
Consequently the exceptions (@), ® © Y yS

. o =ctht wirth ciraunstances in which perogption
interpretation in being consistent w
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df steble pattem in resource allocation would be exqpected to be less
likely relative to the large U.S. and U.K. corporations of the present day.

Thiis encourages a re-evaluation of the R & D decisionHmeking prooess
ntte ligtt of the goen system interpretation.  The differences in
bucbetirg tedmiques may be attributed to the differing abilities of
s o pereeive stable pattems in relations between corporation resources
adeviromait.  In conditions where such pattem carot be established
a is essily disryoted we would expect corporate allocation of resouraes
to R & D 1o be based on vague, ciranstantial, situatioal and/o
individalistic tedniqes. This is in fact the type of behaviour
typically foud in the studies of groyss @), O ad ©. The evolution
of steble preference systers on a widespreed besis is foud in the lage
modem corporation, but is not goparently a canon feature of the other
studies reviened.

This dévelgyant of the arguments of Chapter 5 gapears to acoount
for differences in R & D budgeting converttion between different greqes
of fims. There dees not appear to be a corespoding explaation
proviced b, project based goproades such as the neo classical theory
oftte fim.  OF course this does not mean thatt no decision as
allocation between projects is taken, only that todoet for R « B
typically precedes allocation to projects in large corporatians, as we
would eqpect fram Chepter 4. Ourvie;vo?lh fim is of a hierarchical
aragemat of systars and component sub-systars, dishursarent
fuds being fram higher levels to progressively In*r leels in the
fim.  Sooner or later in this process, allocatios -St be on a
project, not a res-rce besis. It is the contention of this dgpter
tret allocation to R & D is typically on a project a” ot a res-rce
basis in the stoics discussed here due to the fact thet stabie preferences
for resources carot be built yp.  Menegement seek to estab 021

in their peroeption of corporation-environtent relatias,

B>
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alyvhen such patttem camnot be establlished thatt project allocatios
aenete, soorer rather then later.

The goen system interpretation also negates the critician that "rule
ofFthu3" methods are “illogical™ or "inatioal'’.  Recognition and use
oF pattem need not iirply articulation or analysis of possible reesos
o tre existence of a specific preference system; In fact it is
diffialt to see Inwhat tems menegers ocauld justify or rationally
eplainvwhat is a subjective notramalytic set of preferences based an
eqiae.  This is especially the case if rational eplanation is
eqeatal in tems of the .neoclassical frare of referece. Thus,
Jles et al (190) find the non-artiaculation of reesos for budet
cetermiretian in the modem corporation difficult o elain.

" "Oe synpton of the difficulties of grafting research activities
yoon a business whiich nust be quided by profit calaulatios is
that fims seem not to know hew much shoulld be spent on
research and their attests to eplain the grouds of their
decisios usually seem to inolve ciraular reasoniing or o
ke inconsistent with knean facts
The exesperation of Jadass and his collaborators s directed with

regect o a renter of budgeting tedniques including “percent of sal
I t. eplain that they spen! up» research soee fided properties o,
their tum-over, without exlaining i« the proportion itelf is
cetermired”, p. 114.

Hoever “explanation’” in tems of % lr:atimal ekl s ot possible
in general.  Thiis need not pose savera pronlemasin * the conventioal
rational project-baesed »del is redundant in constn—roting the aostract
gen systemmodel of corporate allocatios.

Sumary

To auirearise, th. gpen sys» »deil develgoed In*  previa

chapter ,, help provide a gerera! explaration of differaces



anly when such patttern camot be establlished thatt project alllocations
aenmeck, soorer rather then later.

The goen system interpretation also negates the criticiam that “'rule
ofF thud* methods are "illagical™ or "inatiomal'’.  Recognition and use
of patterm need not imply articulation or amalysis of possible reesons
for tre existence of a specific preference systam;  In fact it is
diffiailt to see in what tems manegers could justify or ratioally
eplainwhat is a subjective non-amalytic set of preferences based an
eqpriate.  This is especially the case if rational explanation is
eqected in terms of the .neoclassical frare of refereme.g Thus,
Jles et al (199) find the nonarticulation of reesons for budget
cetermiretian in the modem corporation difficult to explain:

"Oe synptom of the difficulties of grafting research activities

upon a business which nust be guided by profit calaulatios is

that fims seem not to knew how much shoulld be spent on

research and their attenpts to explain the grouds of their

decisias usually seem to involhe ciraular reasoning or to

be inoconsistent with knon facts - . . " (@ 119).

The exasperation of Jenkes and his collaborators is directed with
resect to a number of budgeting tedniques including *percent-of-sales’” ;
"Hims elain that they spend uypon research sare fixed proportion of
their tumover, without explaining how the proportion itself is
cetermired”, p. 114.

Honever “'eplanatian” in terms of the rational model is not possible
ingreral. This need not pose severe prablers since the converttional
ratical project-besed model iis redundent in constructing the abstract
g systemmodel of corporate allocatios.

Summary

To sumarise, the goen system mocel developed in the previous

dgoter may help provide a general explaration of differenoes betneen



\arias budgetary methods enplloyed  in industrrial allocations 1o research
addeelpeait.  The eplamation of budgeting variation inplies that
ke modem corporatios utilising stable conventians or "heta—rules™
farallocating fuds to respective functions are erploying methods nost
Jqxiate to their ciraustances.

Itwes also suggested that crirtiician of the goparant illogicality
ad ciraularity of such tedmiques was ingopropriate when set in the
frarenark of the goen system resource model. The resulits of re-interpreting
tte statLs of various bucbetary technigues in tems of the gpen system model
is therefore encouraging, and provides support for the resource bese of
athamcel.  In the next depter, the mocel will be extended
attept to acoount for differences In research activity in various US.
inlstries.



- 612 .

Footnotes

Trewording of this tedmigee in Neslund and Sellstedt’s
Qestiaraire "Arallysis of individial projects.  Each project
is analysd aooordlng 1o its o potential of becoming suooessful.

A predetermined budget does not exist."” (p.72).

Tre total nurber of times all nethods were used add Lp to more than
® de to fims enploying nore then ae methad in deciding their
boget Largerfims tended to use nore then one method to a
gegter extatt than smaller fims (\eslud and Sellstedt p.ss).

BI(Iquallﬁes his descrlptlon of the project based budgeting

Ilbe nemgarentmstl’avesme%uobtomNm\%
wi X' PrchaHy a rogyi figue is arri
5 oconpanies emﬁlquesmdsmetlrresQIlerg
apermtagecrfsales Tnetolal requested by the variaus

dqwlrm&rrayaddmtomeor less then this figure, which then
met ke revised up or doan.” p.610. Hwewer, It isn

this'guide” affects the kwget decision, since it is revised acoording
o aggregatad project gopropriations not vice versa.

Hwewer, Snith and Creamer point out that even in small ““ npanresh®
eastlrgcnstofestabllsde&DtanledtobeLsedasabase lire

for calaulating next @15 ad ). ~
unfair t suggest Naslund a*d Sellstedt ~ualifiedly reramend _
abptaan of gptimisation tedniges; in them 1 ic >

ad dissdvateges iven for each method primaril
infomatdon oosts, a‘dglnﬂecraseofmtla%lrpmje%twmbls the
areenative bias of such tedmiques.

A further ciranstance which would proebly mitigate Mainst the

edastae of , stabie reso”

gBt—V\a’ perlod is thevar it=elf. Thereo A radicallv
ad research

fron a var-tine to apeace-timce ting  stable resource
alter condrtias under which R & D

would
ARt Syt Caratnt Dtore O GLF g the epect
aperiad of instability ad re-evaluation m
durirg which menagement adjusted to the danging

. "Big Sclee” inolves a research systam inwhidha

artiaulated goal exists ... @d) also inplies a y n
tarehes beena comitment of resouross and © £ g oy
co-ordination of skills ad institutios on (o74) p .250).
reticael governmets canudertae. @lak P

Ia’projectscfa given siz, acodition
mgup (? oUetothesmllerR&’\ ~Jdividual projects

Mescal (aurch as prevalence

|Cal much less then presat 3 would ke a
%.‘8 S:IGIY'CE' projects in the Iattg;l'y cgae) this

mm&eﬁdmlﬁm maklng’g%de%I HJS

nore wlnerablle we would expect codition

8 Amlogosly, individuals may recognise and MMM AN teen Ta06S”

yet not be able to "eplain” recognition. N my fecilitate
argpians features or copoets of € S discrimiration
recognitian, yet conscious articulation of
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mey ot be gererally possible, especially if rational eplanation is
expected on the basis of aomparative analysis of facial features.
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CHAPTRR 7

Distribution of R & D ad Basic Research
Activity in Indstry

In this chepter we consiider goplicatias of the basic model
with respect to R & D allocatios inU.S. indstry. The doice of
US. indstry is primarily a result of the availability of detailed
infomatian on the type and degree of R & D activity in U.S. manuf-
acturirg compenies published amnually by the Nattiomal Science
Faudatian in the uneys of Science Resources sexies. Honvever in
te ligt of dapter 6 we would also expect the goplicability of
temdel t be greatest inU.S. indstries; the inportance ad
praalae of large corporatios in the U.S. provide greater ogoor-
tunity for the development of stablle resource preference systens than
inay other ecoony.

For reasons disoussed in a later section, the particular suney
s is the 1963 auney (\.S.F. 1985). The sample used includes all
merufecturing industries,ad all  noHrerufacturing industries belie
toardcet R&D.  Sampling unit is the caompany (cefined as all
establismants under comon oarership or cottrol).  Partiaularly
inportant is that all conpaniies wirth over 1000 erplloyees were sanpled
with certainty.  The few large carpeniies which did not reply were st
a ares mandatory form meking clear the statutory doligation o
to aoply with the instructions of the suney, which was carried aut
through the offices of the Bureau of Cenaus.l  Samples of fims amloy
iy less than 1000 eployess were also tden.  Hoever, tre d
taired on these small fims is patchy ad inegular, and since our model
is designed to be goplicable to relatively large finms in ay case, oy
fims employing nore then 1000 enployess are cansidered in this dgpter.

In order to previde a framework for analysis of the N.S.F. surveys,
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in the next section the hierarchic model of dapter 5 will be adgpted
10 tre categpriies utilised by the NS.F. Ideally we would like data
ankesic ressarch, goplied research and development sub-systers, but the
NSF. syply only data on besic research at disaggregated leels in
differant industries, ad it is such a breskdon of sib-systens data
et is required to provide sufficient information for the subseqLent
ashsis.  Consequently onlly a single boundary willl be identified m
teR &D systam, that between besic research ad the residial R &D
absstan.  We will also analyse conditions necessary for danges
in indlstry distributions of R & D ad besic research o take place,
inarter to provide a besis for the develgoment and testing of hypotheses.
The approach used here is a aoss—sectioal ae.  Despite the
fect that the basic formulation of the mocdel in the previous depter
apesiss adgptive leaming to a partiaular steedy state \ale, tine-
gxies aalysis is ot usad. A timeseries aalysis would ted to
aepesise corporate reection to danges in variables, which is not the
reinpurpose of our study. Indeed such dhange ey be typically darac-
terisd as disequilibrium non-steady state behaviour, inwhich a diff-
erat set of decision meking procedures fran nomal steedy
ssregEtmey core into geeration. I the erviroment dang ig
nificantly and begins to pose problams for orgenisatioal survival,
then the essentially reective besis of time series analysis nay be
apesised by the triggering of problemistic search procedures
s.at adoption of resulting solutions (such as crisisHprovoked M-form
orgenisation adoption in the 190>, Theanalysi~of the deteminaents
of a particular ste’v state need ke ™ dovious relationship to the
analysis of the pro- that steedy state is achiedd, (s the
aept of equifirality discussed earlier sugests).  The aalys”
the prooess of attaiment of a n” steady state, given disruption of
previasly viable steedy state solutians, is lisble to invohe a third

leel negative feedoack adjustment process leeding to the even
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"twildirg yd* of the new,viable,steady state preference system by
arvivirg fims.  In such ciraurstances, received beraviaural theory may
provice useful conoepts and tediques for analysis.

If, on the other hand, corporatios have adgpted to their re-
qiisite steady states, with the gopropriate balance and distribution
of futk to sub-systans, a cross—sectional goproach may be useful in
analysing the determinants of steady state behavior.  Providing
we can specify how differences in intra=firm or enviromartal charac-
teristics may affect steady state allocations, we can use a cross-
sctiasl approach to analyse differences in corporate allocations o
R &D and slb-systens in respective indstries. This is the central
arcem of the next section, in which we disouss how denges in cor-
porate enviroment may affect steady state allocatios.

The four sectoral  diagranms of dgpter Swill be reduced 1 o
stors inamalysing R & D ad besic research togetter. e thus assure
that menegamentt meke only two decisions relating to bucketary
aatias o tedrological dange, first hew much should be allocated
R &D rather than other uses of resources, secondly how much should
ke allocated to besic research rather then goplied research and develop-
ment NtheR & D system.  The R &D budget thus constrains the doice
of besic research and aplied research and develgoent allocations (s
figre 7.1 belon). The interpretations of besic research and R &D
those N.S.F. definitions referred to in dgpter 2 (see also Agpendix C

The model below can be essilly utilised to explain differences in
allocatios between indstries.  Them the conogpt of equifinality,ad
agditias for attaimatt  of unique steedy states in ciraustances in

which maregerial discretion over resource allocation is not permitted, it



folloss that similar fims guerating uder similar conditios will
allccate equivalent resource eqenditures to each systav/ab-systam.

It is worth re-enphesising that we assune that fims allocate resouross
& if aurvival is directly threatered; firms may possess what would
otterwise be interpreted as organisatioal sladk, but nevertreless
meximise utility of resource allocation for fear of potential camp-
eatam, take-oer threats etc.

In such circumstances, if a variable changes its value for sone
firms but not others, it nay be that its effect will be to shift the
preference system of affected firms relative to unaffected.
way, differences in steady state allocations ney be observ,
oroblen rray beformalised as ?ollows. suBBgse there is a differentiable
variable << which gperates on all finms, but is an eviromen para
nmeter for each specific fim (eviromental parareter is selected here
for illustrative purposss, but the sare argument holds for intra=fim
parareters).  In those ciraunstances Hre problem can be set up as ae



of constrained maximisation; in the first instance we will be concermed
with the Sx/S2 decision;

mex U = UIST%O‘*) (7.1) Si S, >0where S, = B‘Eﬁdﬂé‘s’éﬁr‘é’és

subnect toY=S, + S, (7.2) SL = expenditure on PM
J I 2 resources

using the technique of lagrange multipliers: oi = environmental

pcai‘cuic Icj.

U=UEL24d) +X(Y-S152) (7-3) Y - total ?{nriéagle

: it - X =1
the first order condition for a madimum mﬁ‘ft%?ieer
requires:

U1-2=0 @4

Ww-2=0 (75)

Y-si-2 =0 (9

Taking total differentials:

dividing by dotand rearranging.

0 -dSl - do =0 (7.10)
cke* d7

dX + Uldsl + _u (711

a* 57 ad

dX + U2dx +u22r2 =-U24(7.12)

d* o> oot

solving for dy™  using Crarers rule:
IIIQ
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U2 22 1 U2
- - A
0 0 1 =V L2* (7-13)
: un u12 A

! 2l ua22
from the second order coditions for a maxinumA > 0.
> signof dsl is sign of - Uz2x
TOT
similarly sign of is sign of U, -

Tre relative strength of crossartial derivatives deter—
mires whether a steady state allocation of R & D resources will increese
or decresse as* varies. I+ dages for a particular fim, then
ifve have knovledge of the crossartial derivatives, the direction
of shift in resource allocation my be predicted, ceteris paribus.
This rey therefore sene as a framenork for testing hypotheses based
m eqectatios as to the value of (UN- -

This my also sere as a besis for amalysing differences
between corporate allocatios to different fuctios. Ceteris parilus,
\variation in* between different groyss of fims will result in different
steedy state values of R &D and PM i.e.;

(Ul*— Uil * 0 @-ro

similarly, sign of dS3 is sign of
d*



- 7.7 -

fors ad  will vary also and must also be taken into aooount.

Figure 7.2 below illustrates how differences in allocations may
ke analysd iIn tarms of danges inparaeters.  Syppose the o ind-
iffarae aunes illsstrated,a™a” (fima) ad b™0* (Aimb) result
frandifferenoss in < between tre two fims.  The fins otherwise
geErate under equivalent parareters ad resource aorstraints.  The
o indifference cunves may be interpreted as part of a cottinuous
gries alog the resource constraint rr'' created by variability m
tx  between fims.

Hr» a allocates 0™ resources © S, <PAB »a » 10
2 (R tD) at the point where utility of rescues notations is
«Msed abject to the resource costraint.  Fir» b geerates u™er
;Mlar conditions as fim a taeept for the - variable ) ad »old
Alocate sinilar amours to e K FR 2 P! functions i< possessed

desevalle as for fin. b. «wever b operates ’d *~
»1* of the relationship between utilrty ad «  rs aud,

tet;

(7.15)
«2* - Ul*5 > °
r™,,on+iv the steady state preference systemof firm b is
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bicsd tonards S2  allocations relative t fim a's resource allocations;

apoint X the inequality in equation 7.15 would encourage a redis-

tributaan in firm b™s allocations until the gopropriate steady state

allocation is reached at the utility meximisation point; in figure 7.2

this is where fim b maximises utility sibject to r'r', at O of
resources and Qi of 2 resources.

This use of utility maximisation puts a different empresis o
surass of danges than does consuner theory;  In the latter, testes
ad preferances are gererally assured aostait, ad analysis is prinarily
aocermed with dhanges in consunptiion caused by variation in prices
ad inmore.  Here real prices and Inones are assured aonstantt, ad
daes in allocations due to dhanges iIn preferencss is the prime
aem of amalysis. Consumer theory hes tended to avoid this latter
areaof analysis,2 as Hawrilesky (1972) points aut, ecomomists have
diffiaulty in talking about danges in tastes ad their cases, by
dint of traired incapecity’” (-38).-

The utility model provides an extrarely sinple frarenork for the
analysis of distribution of rosoarces for R & D resulting from vari-
ation in the intra=fim enviromental parareters.  The direction
of the predicted shift in steady state allocations depends directly on
the hypothesised sign of (UM -V ). In the next sectionwe will
axsicer hypothesised effects of a nutber of variebles using this mode

of analysis.

Determination of R & D Steedy States: Hypotheses
A racurrant future of studies in the institutional ad behavioural
literature on tedholagical dange is that although fomally such
studies may give liprservice to necclassical theow or Its derivatives,
infomally investigation of betaviour often precedes in teras of a
I | int tion of A/Um% behaviour. Not surprisingly



achwork often sits uncomfortably in 1ts neoclassical frae, ad is
wilrersble to criticisn couched in neoclassical terms.  Honever the
fact that such informal and descriptive interpretations are made in
goparently neoclassically based works fecilitated the development of the
besic nodel in an earlier depter.  In this comtext, it should not

ke surprising If the literature supplies possible hypotheses inter-
pretzble in resource based terms;  indeed 1t would be surprising if it
didnot. We will consider a nurber of different variables in tum

interms of their likely or expected effects on distribution of R & D
activity in the firm.  In the first instance we will restrict con-

sideration t R & D activity at the gross leel of PMad R & D
systars, ad where appropriate, compare the resources hypothesis with
the corresponding neoclassiical hypothesis.

At this point it may be appropriate to clarify the relationship
between the systems framenork and the hypotheses of this and later
sctios. As enmprasised in the first dapter, we do not attenpt o
test or refute directly the open systems framenork;  instead its
possible relevance and usefulness will be assessed by the performance
of tre loner level hypotheses based on this systens goproach. e
distinguish between higher and loner level hypotheses in that higher

level hypotheses are used to explain larer level ones, the latter being
derived frem the argumentts of higher level hypotheses. Typically, the

higher the level of a hypothesis, the less the chance that it contains
tems relating directly to observables (see Qert ad March, 1
p-209-30). Thus, in our analysis, the highest level hypotheses such
as utility maximisation and the hierarchical model of the previous
section do not contain erpirically dosenvable terms.  Instead we nust
dotain loner level hypotheses derived fran, and exlained in terms of,
the arguments.and conoepts of our resource utility framenork.

In this respect our interest iIs in hew the regression analysis

performs as a wholle in attempting to explain differences in
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ativity.  Failure in one part of the amalysis need not inply auto-
natic revision or rejection of the systers gooroach.  In the following
adlysis, sare hypotheses tested find no support fraom the regression
anhysis, at lesst in the form in which they are goerationalised here.
Qur aocem is a more gereral one in that we are concermed with devellop-
irg an gpproach wirthin which we can formulate useful hypotheses;
within this franenork same hypotheses may be more dovious or strogly
reld then other more specullative or tentative aes.

In this amalysis, the status of a varigble ad Its eqpected effect
MR &D activity conpared to, sy, necclassical aalysis, may differ as
a coseguene of differences in interpretation of the frames of refarace,
Al the significance or otherwise of a variable in the regression ae-
hsis my be strongly affected by the presence or absence of other var—
idbles in the regression eguatias.  In such cases statistical signifi-

e in the relationship between particullar independent and deperdent
\aricbles may only result after segparating out the effect of other

indgpadnt variables.  For both these reasons, whille previous amirical
analysis hes relevance o the present ane, camparability between previoss
studies and the present ane must be limited 1o the extent that these
factors have inportance.  Coseouently, whille a review of pastamirical aaly-
sis isessatial toput the analysis of this chgpter iIn context .previos en-
pirical studies have a limited cotribution 1o the present aalysis
(eoxptas specified belov)ad therefore are mainly cotained in an
gopadix o this depter.
@ Tedrological opportunity
Nelsmn, Peck and Kaladhek <1967, p.73) TO* that in~*™®
Lffer substantially in their capebility for invention and suggest
« highR 1 D to sales ratiocs are partly a consequence of a greater
ae of achieving todrolgoical advances in those industries, attrib-
ting this to the science base of those hiigh "“technollogic™ gooortunity’”
hostries. Brozen <iges p-92-9) and Nasfield <1986 <«),p.) take
fipostrates the higher

invii arvl RTOZGII

*.’_11««9?* 1 W TT; Tfr
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R &D intensity in science based industries using N.S.F. data.

Using different measures or indices of tedrological opportunity
or progressiveress,  Phillips (19%5) -Careror (1957), and Sdherer (1967)
all foud a strog positive relationship between their particular
meesure of tedrological opportunity and research intersity.  As
far s interpretation and comparison of these studies is concermed,
it mst be emphesised that measures or estimates of tedrological
grortunity are difficult to derive, since galitative differences
nmey aoplenent quentitative differences in qportunity; oe indstry
nay utilise a scientific and tedrological base which intermittently
thrans wp a radically different and significant inventionwhille another
auld amually produce a regular yield of numerous minor patents.
Govparability between technologies and indstries is diffiault
ahiee inmany cases; we will therefore restrict our interpretation of
tedolagical goportunity to that of Phillips (1966) who defined

tedholagical ggportunity (Pjdes a ,

"subjective evaluation of the extent to which current science perm-
its fuctional (es contrasted with stylistic) product danges ad
prodct differentiation arong fims (p.315)|.f
Fhillips variable will in any case be utilisd in later regression

ysis of distribution of R & D activity.

A sinple hypothesis is suggested by lodking at PN in a resources
et IFPj is interpreted as - then the effect of Pj on resource
nation may be amlysed by reference to the earlier utility mexam-
agnocel. Inthismodel dS™ Istresignof v -V %

tharefore have to copare £ possible sigs of the partial derivatives

U ad U , bothwith respect to ar .
)sx  Ss2

It is ressoreble to assue that ™ =0 Ve would ot epect
:echolagical dhee pal ter to directly affect resauree utility In
duction aid marketing; instead the direct effect of Pj we woul



eqect o be localised on resources for techrological dage, R &D.
As far as U2x iIs concermed, we woulld exqpect the cross partial deriva-

tive to be positive; incressing P, wauld terd to increesegg_ -
3 .

techolagical goportunity increeses, so does the marginal utility of
resourass alllocated to R & D, since the increased abillity of R &D
resuress o create functional 4 product changes ehences the aontrii-
buan R & D resources meke tonards achievement/maintenance of steedy
state.  Therefore;

, Oad ~2 >0
QJ]@(V <0 (kk

The net sign of dSx is - ve , similarly that of dS" is +\e.
an d<
Tre effect on comporate preference systars of Pj is sumarised in  igure
73 belov. The direction of the arross indicate the shift in corporate

allocatios as Pe incresses, givenr r .

At r" the tedrological opportunity is consistent on 0 1» as o
not encojruge any alllocations to R SDi all allocatios are to production/
etirg.  As Fj i ’F%g}lr%glcgallocatedtoR&Daﬂge

« orceressively and proportioately incresses as Pj increeses.
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\'e might reasonably exqpect a limit t the proportion of R&D
resourcess since sare PM resources willl be required to exloit the
r &D autput; this is designated by the nomirel aonbination y in
figre 7.3.

Techrolagical goportunity may be interpreted  as an enviromental
parareter gperating on fims in a partiaular indstry.  Its effect
in resource utility is leamit by feedoack fram pest resource allo-

catias. It thus may be utilisaed to explain differences in resource

allocatios in different industriies, since typically different
inLstries have differing P. values associated with tham.

Honvever the conoept hes certain difficulities when goplied in a
strict neoclassical framrenork inwhich gotimal corbirations of resources
ney be determined.  Such a framenork gopears inplicit in Nelson, Peck
ard Kalachek™s amalysis (1967);

-One would not expect the sare ratio of R & D to sales 1o be gptimal
inall industries and product fields. . . .. In the first place,
retunms on R & D aimed at preduct inprovement or new products depend
rot only on the level of sales, hut also on the value consurers place
an inproved product perfonrance. - . In the secod place ... industries
differ significantly in their capebility for inentiol” (Q.73)-

Houever, as Minesian earlier stated (1952),

- "OQportunity’” is @ which states that research art
develqorent etpertitures arc determined by ... the technics possi-
bilitdes which may vary artrg fims-  lherefore, the fimwill indulge
in such activity only if its Faction Pooesses reedily * = a¥* "1%ES
to inproeent. This seart* illogical. IF retums are high to
research art develgoment for particular product mites, a firm shauld
(@dwould) carry on such activity whether it produces such mites or
ret, as it can alter Its rtt to t*e advatage of the resulting Inprove-

or sll that improvexait to a fim that can us, tdirectly”’ <p. ke

In the neocclassical frare of reference, Hiresian is perfectly
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arect.  In gereral, uder conditions of perfect knovledge ad
perfect mobility of resources, there are few barriiers to R & D being
ardeted in the fim;  even if barriers to entry do exist in imple-
rentirg the derived inentiion, it should be possible tosell or license
the invention to other filns. Nelson, Peck and Kaladhek™s assertion
doe is valid if R & D activity is restricted to certain fields
(imstry or product), but in gereral there is no reason why this
should be the case, since the direction of R & D can be essily re-
oriented to new aress of premise at levast. As has already been
pointed cut, Nelson, Peck, and Kalachek themselves iidentify the high
degree of R & D diversification typifying most fims throughout U.S.

indstry (se p.50-2).
It may help iIfwe use the resources model to examire this

prdolen.  The resources model was partly based on the idea of separ
of budget and direction of allocations within the budget;  allocations
to particular functions were determined by manegerial leaming of the
daracteristics of resource allocations from past allocatioss,  \While
the direction of new projects willl tend to depend on hunches and perceived
gyortunities, the resource aonstraint itself dgoends on retrospect
evaluation of system perfomance, ad consequently tends to be determin
by history and existing system and enviromatal parareters.

Yet this does not explain he« a steady state may exist in lev Pj
imstries. \What is o step ane film racing ahead of its cape
through becoming research intensive and adoptiing a highly divere-
fied research programe?  The conrept of syrergy adopted by Ansof F
(15 @) may provide sore gquidance in this respect. Ao
Aeoff, syreryy is the “effect which E"ma corbiried retum on
ﬂ“efim!smmgrea?er%] sunof TS parts .. freqently re-
forred to s 225" © A runber O RS At SFTECts o synergy my
geerate on anticipated corbinations of resources and proje

-t
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& comon distribution channels, joint use of equipment etc., but

ae of the most important types is management synergy. Management face
different sets of problems in different industries and if the near

areas produce similar problems to those encountered in the past,
menegement nay usefully integrate the new activities into the enter-
prise (Ansoff 1965 (a), p.76).

However the opposite effect may prevail;, managerial competence,
experience art attitudes may inhibit or interfere with adoption of new
activities if it attempts to transfer or apply management techniques
learnt in one context to a nc area «here it is inappropriate.
Negativesynergy may exist, in that the resource characteristics of cor-
porations may inhibit it from entering ne» premising areas; as Ansoff
points out (p.7*0 a firm in the defence industry mould he at a dis-

afarig, if it attempts, without prior experience, to enter into a
highly competitive consumer area such as the tobacco or »to r industries.
Firts may be "allelic” Ooasby, 1967,0.301) to application of
resources in highly novel areas.

Comsequently, for a particular resource profile of a firm gperating
in a particular envirament _there «e  ligble to be negative as well
& positive syrergic relatios with other evirometts. As with the
Penrosian -dell . existing resoure« both entance art irhibit different
aes of R i D activity. Therefore a steady state for corporations
geerating in one envirortent may be suostatial ly different fion, that
for corporations operating in another environmen

e can sumarise the main arguments mede here between the necclass-

, ,, T-oine In a neoclassical ocot-
ical ad resource based goproedhes

) o , the central concept is that of the
ext, as explained by Minasian above,

-ip efficient and have perfect
product or project. Assuming firms
kroMede, they willl adopt an opportunity which is expected to gererate
pofits.  If firas differ in their esgemess or ability to ke

rtvatage of a particular goportunity, the dovious inferac
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trey differ in efficiency tarms;  this is a natural consequence of
asaming thatt product mixes, productiion functions ad projects may be
axsicered separately from the resource profile of the fim.

Honever, in our resource besed gooroach, tedrolagical gopor-
tLnity may create differences in steedy state allocations for rational
decisiornekirg.  Firstly, it aeates different experience of pest
utility of R & D resource allocations in different eviroments
thraugh feedoack effects, and in comsequence results in difffering values
placsd on R & D allocations aooording to the cotext. . Seaodly, in
this gooroech, the exiistence of the resource may precece that of the
poject.  This senves to emhiesise that assimilation of the qyor-
tnity may depend crucially on its relationship o existing products
ad resources in the firm.

Thus, while the highly specialisad nature of the resources ad
goeerating eqperience of a partiaular corporation or industry sector
mey be an inhibiting factor restricting realisation of gyortunities
inother sectors, it may also act as a barrier the other way In pre-
venting autsiders fran eloiting gogortunities inthat sector. It is
worth enphesising, hovever, that if a relevant bregkthrough, orSeries
of breskthrougs is mede elsanhere, the sector s ratural resource
adventage may be insufficient barrier and it may be wilnersble t
attadk fram autside (such as denmicals invesiion of textiles in the
postwar pericd).

In sort, in the resource besed goproech, differences In research
intesity may be explained as a ratioal consequence of differencss in
the resouroes and tedological gaortunity of respective ssctors.
Neoclassical theory s deficient in this respect because of the product/
project enpresis of its amalysis.
© Gonth

Acpin, the necclassical interpretation of the effect of this



\eriidble in R & D projects is wilnerable to ariticisn within the sare
frae of reference. Meeller (19657) sugests;

"The faster a fim"s sales are incressing, the more confidence it
will have about its ability to seaure the berefits from uncertain R & D
projects, ad the more patience it can afford to shew inwaiting for
ttee berefits.  The faster a fim"s sales are grovirng, the greater
aqonic advarttage it receives fran a given cost—reducing inventiad® (p.73)

Hoeer, by the sare arguinent, the faster a fim's sales are
gouirg, the greater economic advantage It may also expect fram sinple
eqasin of existing product lines; how is it possible o derive
uenbiguos predictios of variation in steady states as growth of Fim
or indstry denges?

At the higher level of abstraction associated with the resources
noel, the problem may be reset in a resources aotext. Hom the point
of view of the individual fim, It is reesoeble to sygpose that
imovatias will be nore essilly acogpted and have a greater chanceof
aoxss if they can be aimed at new market aress rather then old;
hebit, irertia and apathy canmake it difficult for new products to
replace old ares, whille new processes nay fird it diffiault, if not
inpossible, 1o replace old processes if these are allready installed.

The section of derand in which inovations enjoy cotparative advantace
is the new derand in whiich both imovatiions ad existing products con-
pete neqal tems.  Bpected high growth of the industry would
inply favourable conditions for the eloitation of imovatians,
pamiting innovation "lebensraur” and associated increased utillity
of R&Dresaurces. In the limit, i no new demerd is being created
at all, imovatios will have t compete with existing products alreedy
advantageasly ocopying” the demverd e, On the other hand growth
wauld create new market areas in which no existing products wou
the natural adventage of market *possession -

Ifve interpret recent grovth SF #8 ISty & being the refevent
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avirametal parareter U) affecting perceived utility of resource
allocatias, thenwe may interpret the above argumant as signifying

U2* > u1*
-"Htis, as growth of industry increases,” A~ cKj : growth tends to
bs2 (sl

hae a greater effect on the margiral utility of R & D resouross tham™

then of PM resources. Consequenttly dS1 is - wve ad dS™ is +\e.
diT ok

A study by Iceman  (1982) may ke cited as sygorting the indstry
gonth hypothesiis; industrial research eqpenditures as a peroaitage
of ret autput for 17 UK. ad U.S. industries in 1968 were foud to be
highly correlated with the past growth of cutput of respective inols-
tries fron1935 t© 198.  The correlation coefficietts were .5
for the UK. industries, ad .74 (prodct besis) ad .76 (copary
kesis ) for the U.S. fims.  While Freemen is cautios as to the causal
significance of this association, the fact that pest gronth is the
variable associated with industrial R & D expenditure woulld tend t©
uest that it is grovth fecilitating R & D, if there is a direct
relatioship between them.

However already the inter-relationships between variables may
turn out to be complex and confused.

In a high Pj industry we would

expect research intensity ,  which in turn we could expect would

lead to industry growth; if Pj is an enduring variable, the industry

vould heve high P, hiigh growth ardl a ¥igh JQE! of research eqerdiitures,
While the problm of diction of causality »y be eased by considering
association between past hypothesised independent variables and present
ressarch expenditures, separate the effete of just the « . variables

already ecnsideredwould appear eniareered by the likelifed of -1ti-

»llinearity. This probl« notwithstaniing, we would expect growth to

g&rr'T pfpjuit'i..
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leed 10 high lewels of research eqaditure, ceteris paribls.

© Federal Hinds for Research and Develgarent

The preceding two variables are intemretable as enviromantal
parareters, techrolagical goportunity and groamth of a particullar indus-
try acting on the corporate preference system fran the outsice
eviratalt.  However the steedy state is determired by the relation-
ship of enviromental ad intra-fim parareters, and since we shall
be concermed  wirth the alllocation of resouross InULS.  indstry in 1963,
ae potentially inportant intra-fim consideration is federal financing
oF R&D.

Rarkin, (1956) autlines the system of federal firercing of R &D.
The authoriisation of goverment agencies, ad frequently tre area of
ressarch Te=elf, is specified by Cogress.  Research proposals ot ablle
1o ke dealt with by a particular agency may be contracted aut to private
imstry. Black (1999) poirtts art that federal fuds are ustally allo-
cated for clearly defined projects ad that “level of effort’” work
is syported infrequently (p.216-17).  Collier (1933) asserts that
R &Dworkers hired for federal contracts ted to be laid of f when
business falls off, ad hired again when it pids up with the signing
of another big contract.

Qur prim conoem iswith» o » * decision »eking «1 ol10“ **
ias O R 6D, ani It is in tents of ccgpay firenced R SD that the
] anf subsequent disaussionwes besed. U Collier s inerp
ation of the behaviour of Fins in taking on federal contracts is tme,
thenve might expect 1o Fird that the POl allocation of corporate
fireroed R & D rescurces s 1R 2TEER] By Tederal projects taven
W by the fim;  resources are oyé(r'j mfedaral projects when funds
are avilable-ard ot vhen fus diy up. T SERESES mininal S.b-
statutibility of federal ad conpary resouross, therefore,

Voo=u2x =
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Jere  is percatage of total company R & D federally firenosd.
Honvever there exist goposing argumants;
A couterbalance to any advantage to industry fram govermment
research is the very real danger thatt government research willl wesken the

effective research supported by private enterprise upon which our
industrial strength has been based" (Boundy & Chamberlain,1963, p.83).

*The wegpons industry is doing less ad less company sponsored
ressarch and rellying more heavilly then before yoon federal agacies o
provice the initial guidance for develgnent efforts” (Home, 1962,
p.32).

"Industry s being priced out of the R & D) market by the onpet-
o of govermment’”” (Bron, 1932, p.3P).

"There is a danger that the government may be becoming an over-
whelming competitor in sore aress of rescarch. It may eqad Iits
actvities in particular fields to such an extent that the field is o
loer attractive to private researdh. The result might be messive
research and develgoment experditures with little resulting comercial
deelgments ... Incressing governmatt activity in specific fields
does ot usually result in increased total activity in those fields.
it may result merely in a reduced anount of pirate ectivity' Ellis,
1962, p.369).

tatter, foozen (1932, P-215) that evitafc “
antracting in the 1950"s suggested that governs»™ R S » H™ ™7 * «
replacss private R S D resources, Orlans (1913) suggests that govem-
«@t fuks for space armi wegpons R S D retards the grwth of privately
firence! UD . ad Black (199) in this cotekt specullates that private
fi* search aut federal agencies with research dojectives «parable t©
their o to finance R &D that the corpain might othe»ise have had to
firence itelf.

These all suggest that federal allocations might substitute cor-

porate resources for R &D,  i.e.
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as
As federal financing of R & D increases, the aapany would terd to

aploy less corporately firenced R & D resources.  In the aove we
a=re the resource aonstraint does not vary, and the federally finenod
R &D resourass are classified along with the residual PM resources.

WWe willl therefore incluce a variable measuring federal financing of
R&D at indstry level t exanire which of the altermative hypotheses
fits the aoserved behaviiour of industrial allocatios better.
© Q.S.E."sB as Proportion of R & D Berditure

Frequent mention is mede in the R & D literature of the central im-
portance of the hunen elerent inR & D.  Acoording to Carter & Willias (1989),

"'in organiising research it should be remerbered that the individual
siadsts are gererally the "scarce resourass” round whom and in the
light of whose neads, the orgenisation should be buikt.  Hence the comren
insistae that “men are nore valugble then equipmret  (p.50).

Also Rath (167);

"Feple, fecilities and "kovledke’” are key resouraes of all re-
ssarch ad developrent camunities. OF the three, people are the
significait and critical resource. . Pegple are neosssary o design, an-
struct, modify and gerate fecilities. Pegple are the main instrument for
production tramamissian ad retrieval of "kodede  (p-1AU).

This strogly suggests that the qualified sciettific and engineering
labour covponentt in R & D is of potential ly higher utility than the
cpital elerait.  \While formulation of such assertios in an aocoept
able geerational form is lisble to be extrarely difficult, anission of



axsiceration of possible asymmetry in utility deriveble franR & D
resourass may lend to an inportant deteminant of R & D expanditure
keirg overloded.  Tedyological fectors are ligble to determine

tre relationship between enployment of scientists and egireer, reducing
tre discretion manegement have over the capital/labour conposition of the
R&D resources "undle”.  The inference of the statements by Carter
adWillias and Rath is that for any two firm; having equivalent
"urdles” of R & D resouroes <o far as total exaditure is aonoamed,
te fimwith the greater huren elerent in its R & D budget willl be
eqcted to derive the greater utility form its R & D allocatios.
(viasly the inportance of the "huren elerent’” might be messured in
diffoaitways; oneway is to assune that the significance of qali-
fiadR &D scientists ad egirears relative to other R & D resouross
can be measured by the wages and sallaries of scientists and egineers

& a percatage of toal R & D epediture.  The statarents aove

Sugest;
u2,>0
S fﬁg > were is Q_S%E_salarls
d d ol R&D
eqenditure

mMs hspottesis u t b. interpreted as being partial ly sfc-
»1*1« end tertative» especially since it is an inba-fib» variable
at indstry leel de limited data aailability.
® Size of Fim
Size of fin. is a variable which differs significattly fro. those
prching; wheress the other variables nay be imterpreted in teres of
variable <-1, size of fir. relates directly to the resource con-

straint r'r'. gk we are concermed with here is the eqparsi pa
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of the firm in tems of resource allocation, ad the effect that avail-
adle resources have on the distribution of resources within the faim.
Hoever aur goproech willl be similar © the extent that we willl be looking
for asymetry of effect on resource utility. I variation in aail-

able rc :aurcss hes differing inplications for R & D and PAM fuctios,
itmay be possible to frare testable hypotheses as to possible relatios
between size ad rescarch Intersity.

In fact, folloving Schumpeter (1954), a nurber of studies have
attepted to esteblish a  comection between size and research inten-
sity, but results have not been cosistent,9 an) to date no fin. con-
clusias have been dotaineble  This need not »plly that revision of
Sthunpeter™s theory of "'creative destruction” is necsssary, Sinoe
Sdunpeter »as priterily concermed «ith imovations, the firal output
of R (D degpartments, not the process of producing those imovatios.

Given the equiivocability of research on effect cf site of finmon
Rs D exeditures, »hat justification is there for further analysing
its possible effects in thisoontext?  Apart fro. the reason that
amnission of considemrtion of sine of firmmight distort results if it
cbes tum out 1o be e significat factor in determining allocations, te
primary reason is that inclusion of the other variables iIn the aalysis
mey separate out effects doscuring the true relationshiip between
resorch intersity and size. (oY, theve are also sard ressns why
mmi@te@mtr@ea@in%a*si%?%mi%mmﬁzeorﬁmasa
result of differing conditions for imovation.

Ihe best conditions for Ration are often feaxd in sail oocer
poies where camunicatias between develgarant, production «d martetang
are sinple ard essy, a”™ «ere a ccm»n dojective can be easily estab-
lish* (Layton, 1972,p.S>. & sud, cirwretancss, the small firmnay
aurvive even in turbulent emrements, by relying on rapid adoption
imitation of ,,» tedniques, «wever the large Fi» usally las «are

aoplex and potentially aonflicting issues and problens to deal with.
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Amgjor dearge of direction for a large firmney require prooessing
information and decisions through a large nurer of leels in the
fimhierardy aid co-ordinating a large nunber of slb-systars in the
dae proosss. Whereas intra-firm nobillity of resources s relatively
ey to achiee for a sall fim, It may be a severeproblem for a large
fim. Cosequetly the srall fimnmey have an advatage at the imo-
vation ed of the  spectrum of menegement of tedrological dae.
Honever,as the firm incresses in size, the difficulties of co-ordination
ad re-orientation of resources wirth respect to adgptation o extermal
deae will tan to incresse the attention paid to anticipating environ-
metal dage - organising R & D, tedrolagical forecesting, strategic
plaming etc. Rirther, not only is the large fimnore ligble to
rely on R & D as a necessary instrumant for techrological dage, it
isnore able in that, as wes suggested in the preceding depter, it
iy establish more essily a resource baesed overview of the R & D
fuction, individual projects do ot detorete the strategic  consid-
eration of the enterprise, ror doss each project emtail comitting a
high proportion of orgenisational resources in highly uncertain

ctivity, wnlike in srall fims.

mihs the sall fim»ay achiee - sta,e o

jective system rather than by organising resources ina RS0 sub-
ystemand itself instigating major techrological inmovation;

»ever the large fim.because of Its relative dissdvantace In daging
lirectian.is mo« ligble 1o attapt to anticipate envitomettal dange
v inooporating an R S O department in its Iteratios.  This uould
tad to suggest that typically there will be a switth in erphesis
funa | resctive straty termR &D based imov-
ative strategy, 2s the ion grew insizz. This interpretation
i Iwmdmnmimﬁinminmu's" almost all
fims employing Mne than 5000 workers undertook R 1 D werk, but anly
about 10% of Fir* ploying less than 5000 workers did, with a steady
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myyachtia ™ between these extrames (Jenkes et al, 199, p.123 & 197).

This argument: therefore suggests that research intensirty willl
1ad to incease with size of fim.  Thus,as a fim inoreasss in
siz (mreesured in tems of available resource expenditure), the pro-
portian of resources allocated o R & D will ted o incresse. . This
is ot to suggest that large fims in a particular indstry are nore
imoative than sall fims; the similar 1 variables are liable to force
imovativeress on all  fims gperating in hostile eviroments.

Ratter it inplies a switch in empesis fran imovation adoption to
imovation gereration.

This concludes the set of variables to be consiidered as possible
cetermirents of R &D activity.  Ina later sectionwe shalll consider
how they may be operatiomalised in the regression aalysis; for the
marert we shalll go on to consider similar possible relationships as
far as basic research arc aconcermed, wirth the reminder that the hypo-
thesss develloped in the context of the systens goproach in this
i are possibly only a subset of those conceivable under the systens
framork.  The justification for those selected remains theiir
goaratt reasorebleness within the system frare of reference compared
1o other conceiveble relationships arsidered, but rejected, for the
puposss of the regression aalysis.

Tvremination of Besic Research
Steedy States:  Hypotheses
As far as the basic research sb-systam is concermed, the allocation
Diem is similar to that of R & D and PM distribution,exospt that in
3 case it is the size of R & D establishmrent which costrains the
tribution of resourcss to the sb-systens, not size of firm tself
e fig 79 kelon). The dotted lire at the top of figure 7.9

icates N A, dssion of aailable resources to R & D (interpretzable

. La
L EPrTT TI?>*
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&6 size of research establismeat) to provice the constraint for the
allocation problem at the rext level donn.  What wes an edogenous
\aricble forthe R & D/PM  alllocation problem is an exogenous para-

The behaviour of the variables in this problem may also be simi-
larly treated as in the higher leel R & D PAM prablem.  The decision

IS;
max U =U(S3, Su,ot) 1%, > 0,

sj\éjectmv - gts Y = R s
ured in total aai-
lable eqeaditure on
resources.

In an exactly similar fashion to the allocation problem,
~3 >0 ifusdudc >0

d<

anl » >0 ifv "Ux >°’
dot

® Tedrological goportunity
Fhillips™ index Pj proviides values T S0 ndstry “purportirg
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tomeesure the stregth of the association between orgenised scienoes
ad tre tedrolagies of the respective indstries” Ghilllips, 19565,

305). A reasoreble hypothesis in such ciraurstancss is that U3, >V
werev is ?j of the gopropriate industry;  since an “goplied researdh”
linee is necessary for "hesic ressardi” to be processad through o
firal autput, high Pj would unply relatively essy transfer of basic
ressarch.  Low association between science and tedollogy would  inply
poor linkege between besic ad gplied research.  In the Himit when Pj
is 220, 0 also woulld be allocation of resources to besic research.
Therefore we may reasoreblly expect Pj to have a proportionately greater
effect on the resource utillity in besic research slb-system than the
residal R &D sbsstam; tharefore dS™ > o ad dS™ <O.

Ok a
© Groth
It ,zs argued earlier that tatattial RS~

sine ne» preducts anf precesses tended tobedisad.ent.ged in ocpeti-
tau«ith old preducts for existing rerkets.  This argument holds
eenM,re strogly »ith respect to the <ypid flu* « ** *m*“*
allocation of resources 1o besic research;  the autput derived fiee,

besic research tenis to be highly nwel and unfamiliar, to an even greater

ertait * _ D output result” Fr» *_ resifal » «D
ewould E -mrrgslstamtoﬂeﬁralwmrtobrwed

n, besic research would be greater then to firel < * « from suh-syst

rearer the "bottomend” of the R . D spectrun. In such oircuret™oes

besic research would be even more dependantt on industriial growt
- rahe more diffiault for
R &Dwork in gereral - cetens parilbus
_ _ . - .,,u M neke inrcecs Into stable,
imovatios derived fran besic res
.. ) .. , T, less radical autput, and cose-
existing markets thaen it would be
- industrial shauld have
qaﬂyamlﬁcrl]eveloflras 1al growth a stronger
effect on * . eqectd utilityof - U - « - * n
o the expected utility of alocatiore to otter * . »

jm rri w
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Consaquently, we would expect ,addSs > 0, d3" <o.
(053 du

© Federal Bunds for Research ad Development

Bladk (1939) earlier poirted aut that federal fuds for R& D
tad 1o be allocated for specific projects;  we woulld conseouerntly
eqect that as the proportion of federal fuds for R & D rises, besic
ressarch projects (N.S.F. definition) would terd to be squeezed aut
of tre R & D sub-systamn, interpreting both besic research ad the R &D
systam itelf in tems of total resources (campany and federal).
This sugests the sinple hypothesis tat dS <0 ad d™ >0

d« d*
(here oi is peroentage of total compay R & D federally finanoed) due

1o the goplication -specific bias of federal fuding.

© Q.S.E."s as Proportion of R & D Bqenditure
As with the P. ad growth variables, the arguments put forvard as
1o the possible directional effects of labour intensity of R &D on
the resouree utillity of that function hold even more strogly for
besic research.  As Mansfield (1988@) p.47) sugests, the develop-
mat ed of the R & D spectrum is typically nore eqasive then rescarch;
kuilding of pilot projects, construction of new materials ad proto-
types can be extrenrely aostly, ad terd to inply relatively high capital
asts relative to labour.  Bssic research activity on the other hard
dbes not gererally require such eersive capital but insteed relies on
qality of scientists ad egirears.  Interpreting” as proportion of
R &D aosts spertt on vweges ad salaries of scigttists ad egineers, this
would ted t© suggest;
vV >V

&3 ~ 0 ad < O

o (o0
© Size of Research Establishment

This variable hes a rather different statis from the others
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disosd since it is concermed wirth hew research intersity mey vary
with size of sub-system (ceteris paribs). Figure 74 illustrates an
eaple in which the proportion of R & D resources allocated 1o goplied
research and developrentt increeses alog the expasion path Q4 indic-
ating that intersiity of basic research activity declines with size of
research esteblishment.

In fact we woulld expect the besic research sare of R&D 1o
inesse  wirth size of research esteblismatt. It is likely that
tre utility of basic research allocations will increase more repidly
then those of gpplied research and developrent as size of R & D depart-
mant inoreesesbecause  of increesed rage ad variety of skills ad
resources afforded for the exploitation of besic researdh.  As wes
apresisdd in dgpter 2 , the links between science ad tedrolayy are
oftenwesk and indirect, ad the erbodiment of besic research in a
gecific invetion is not envisaged at its asst. Consequently
srall R & D department may only have limited skills, abilities ad train
ing o exploit the Inmovative potential resulting from a specific in-
houee besic research project.  On the other had, the possibillities
sugestaed by the sare project woulld be nore  likely to be suooessfully
eplortad by a larger R & D degpartment with a wider range of resources
adtedniges. Since the specific comerical gyportunities result-
irg firan besiic research projects are unepected, thelarger R &D depart-
mat hes a better change of putting together the team necssary to
satisfectorily exploit it

Thiis hes similarities to Nelson®s widely quoted diversification
hypothesis;

“a film producing a »ide «hge of PActa «sting « a broad
tedholagical bese »ell fid it profit” o sypport research tward
the besic—science end of the spectrun ... a broadtechnolog-cal bes
irsuess that, »hatever direction the path of rescarch may e, the
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Like Nelson"s hypothesis, the above erpresise tre ability of the corpor-
ation 1o take advantage of the unexpected averues gpened up by besic
ressarch, though our hypothesis relates to the capebilities ad rage
of R & D resources, Nelson™s hypothesis to the cgpebillities and range of
procuction resources. Essenttial ly the onlly dirfference between the two
hypotreses is the stage of the imovattive process on which enphesis is
placed.

Empirical BEvidence of Steedy State in Industrial
R &D activity in US.

To test these hypotheses, the 1963 suney of R &D InUS.
indstry (\.S.F., 19%) is utilised. As mentioned earlier, cross-
sectioal amalysis is used since we assure Itat fi*» are operating in
a steady state and have achieved a natch between themsehves and their
eviroment.11 e will exanire whether differences in industrial
R &D intensity are annsistent with the hypotheses adowe.

The year 1963 was chosen priimarily because here is evidence to
sugpest that R & D activity in the U.S. stabilised aroud that periad,
in terms of allocations relative to altermative uses of resouroes.
Figure 7.5 below illustrates the growth of R & D activity relati
GN.P. at national ad indstrial leel fran 1983 - 0.

The develgament of industrial R &D as a peroentage of G.N.P.
aotines, and partly overlgps , the tred autlined by Clare in figure
6.1 (S=pace 6.6). The owerall trerd suggested by the o graps
aonsiderad together s of an S<sheped aune develogorent which leels
off at a plateau doseneble fran 1950-64 (Aigure 7.5). \\e are interested
in the possibility that the ecorary oerall denorstrates steedy state
behaviour in allocations to R & D as goposed to other fuctios, i.e.
that a "alance of resources™ fs&%;%%mammiom
R&Dad GNP.  In this cese, it WA BB fn te early sixties when

+ wAch saturation leel.
the . sigjoidal growth pattems gye wAe o el

MW ?* w
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R & D/G.N.P., 1953 - 1970

SOURCE National Science Foundation. 1972 (b), p.3

FIGRE 7.5

Trere is sare tailing of f of R 5D perfoiMnce efter 196». and « deal
wirth this point below.

As far as individual Industries are concermed, there is less con-
sistexy in the pattem of R & D fuding. A useful sunmary is aggin
provided by the N.S.F. for the 1983-71 periad in tems of the nunb
of R & D scientists and engineers per 1000 employess in five leading
indstries (figure 7:Celoy? IR B 1 T 1961 s ypified by
erratic grovth in the prqoorti.on of ﬂ ?B scientists end engineers
in each indstry; the periiod after 1965,by declire in the proportion
eployed by the three industries of the grop  erploying the highest
prooortion of R & D sciattists ad eginears. Hoever,tre pe *
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1961-65 gppears to exhibit stability in the proportion of employess
thet are R & D scigttists ad egirears in each indstry, with the
exgptian of aircraft ad missiles inwhich the proportion cotinued
1o grov strogly untill 1965, after which it declined sharply.  This
dae of trend may be attributed t© autbads in the NAAS AL soece
programe ad federal defence fuding.  With the reperousssians felt in
Ré&Dwork in clesely linked indsstries, such as electrical equiprent ad
dJTiunicatian, these major swirtthes of enphesis iIn R & D fuding may
ke identified as being primarily regoonsible for both the sectoral
instability and the dhenge in tred of total R & D fuding after 1956.

Nunmber of R & D Scientists ad engineers  per 1000
emploess in five leading industries. 1953 - 7L

120
n Aircraft ad
100 missiles
4 s
S
8) \
® Electrical ipret & Figure 7.6
og%lmmcanm 9!
D e
Chemicals TOTALn. A =
illied j rnducts el Machinery.

20

Motor vehicles & other transportation

198 I iR o 198 190 1971
aFuII-time equivalents.
SRE: National Science Foudatian, 1973 (©), p-7-

Consequenttly the 1961-65 periad, and in particular the 1963-66
pericd gopear 1o be the phese inwhich the US. econtw « a wholle
tost closely appmximt™) stealy state behaviour with respect to, ad
in comparison with, resource allocation in other activities, thrig
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this periad, performance of industrial R & D as a parcentage of G.IN.P.
gyeEars o reach a plateau level after its. sigicidal grosth pattem,
vhille subseqent gross and sectoral funding of industrial R & D gopears
10 be substantiially affected by dhenges in Federal policy with respect
to fuding of industrial R & D - inplying non-steedy state behaviour.
Cosquatdy, 1963 waes chosen as a suiteble year for the aalysis, a
further point in sygport of this doice being that gromth Indicss  are
asilable for the 1953-63 period,12 in tems of dege in production
of each S.1.C. indsstry. It is the value of independent varicbles
(@rch as gromth) in the year preceding the measurement of the dependent
\arigble inwlving R & D activity that we wish to utilise, ad so 1963
is a partiaularly suitable year for this reeson also.

Measurement of Variables Used to Test Hypotheses

The hypotheses developed earllier to typically of » £airl> hieb
der of gererality, ad in order to investigate whether or not the
sened behaviour is consistant with these hypotheses, loner order
rmotheses mist be derived referring to directly doserveble and
irsurable phe™eha.13 The variables to either eoressed by ind-
stry/envitoment ih whiich case subscript j is used, or by size class
n a particular indstry, in which case subscripts i are usd,
i=1,2. The two size classes to 10005000 enployees and 5000%)

Research and Develgpment Bpenditure
Coyaity Finroed research ard develgowdtt is calaulated by;

BX.. is an estimate of oon™y eqaditure in the i “th size class
he j*th indstry as a prgportion of value aoted.  Rjj 15 aompany

s for R €D perfomance, by industry and size of company for 1963
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GOnN.S.F. 1986 table.A-15, p.B). isret sales of R & D
perfoming companiies by industry ad size ofoo*rpaty14 for 1963 (fran
NSF. 1966 jtable A6, pIIl). 71  messures research intesity as
aprgoortion of net sales INR &D performing compenies (s

olun @ gopendix ). Hoever this tends to understate research
intesity since norHesouree aosts have 1o be covered by aompany sales;
\ale added would be a better measure of copary size, although the
N.S.F. figures are given only for ret sales.  Cosequettly, Vj is
usd as an adjuster to give a better estimate of research intensity as
amessure of use of resouross. V. is value added by merufacture div-
iced by value of shiprents for the gopropriate S.1.C. grogping in the
1983 casus of menufactures,15 (fran Bureau of the Census (1970),
P-701-06).15 \j is messured for all fims inan S.1.C. graypimng,
ad consequently the nunber of fims sunveyed ray be more then the

R &D performing firms in soe indstries. Further Vj is not avail
aole for the N.S.F. size categories, 1 = 1.21  Assuming \j does
rot vary substantially between R & D and  nonR & D performing fims in
an indstry, and that it does not vary substantially fron size cate-

gy 1 and category 2 in the N.S.F. suney, It nay be used to adjust
research intensity IMto an estimated percentage of value added by 8
R&D performing fims,in the i’th size category in the j th id try
Itves felt essertial o inooporate sote value added adjuster in the
analysis, since the theoretical fomulation is with respect to allo-
cation of corporate resources: value added as a proportion
varies wicely between indistries die primarily o tedological
differences, (see goperdix ) and consequently a salles based amirical
analysis would be of litte, if ay, use.

We also investigate determinants of total funds for industr

research and development for the 1th class in the j*th industry, Yyi



were T-m is total fuds (copay ad federal) for R & D performence,
by idstry ad size of company for 1963 (franN.S.F. 1986, table A3,
p.8).
2. Bosic Research Benditure

Besic research eqenditure, B— , is measured as a parcatage
of total fuds for research ad develgoment by industry ad size of
amy. Fuds for basic research performance by indstry ad
size of company for 1963 are provided in N.S.F. (19%) table A6, p.140
whille the corresponding figure for total R & D performance is
meesrad by Ry (table A-3,p.82).

3 Besic Research Performance
The variable is used to measure the percentage of R &D
perfoming fims in the i1”th size class in the j th indsstry conduc-

tirg besic rescarch in 1963.  The data is provided in N.S.F.
table A-73, p.143.

4. Tedrological Opportunity

This is defired by Phillips (1965) as

"'the extent 1o which aurrent science permits fuctioal @
antrasted with stylistic) product denges and product differen-
tation arog fims”’, (.31B). Phillips dotained his nessures of
tedolagical opportunity by studying the descriptions of the products
primary to each 4-digit S.1.C. indstry included in the 2-digit graus
Tre figre for each sty =_ 4TIkl P~ for 0okh UTAUSTTY>
Siree P. operates as an enviromental varicble, Its valie is assuned
to ke the sare for all fir» in a particular irdstty in the ».S.F.

classification schere.

6. Groah o )
The Bureeu of (9BH) I indices of production o
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provide measures of the dange in the value of work dore in establish-
mets in each S.1.C. grouping, valued in constat dollars to eliminate
the effects of price dages.  These are carried aut for each four-
digit sub-industry, and aggregated through 1o give values for eech
three- and wo-digit indstry.  Qurrent dollar veight data are
proviced for each wo- three- and four-digit clessification.  The
deace in value of work dore far each S.1.C. classification fram
1933683 was chosen as the relevant grownth variiable. Growth figures
were available for the specific N.S.F. grouping in a nuber of cases;
vhere itves rot, It wes dotained fron constituent three- and four-digit
indstries using aurrent dollar veight data and 1958 value added to
veigits.  These are reproduced in oolum (6), gopedix 1 as a pro
portion of the 1958 values and denoted by Gj.-

Past gronth is used as the indegpendant variiable, since,as ves
stated earlier, it is the historic effect of variables on resource
allocatios that affect the prefereree system for resources.  Again,
the variable Is interpretable as an enviromattal ae, since imstrial
gonth as awhole nay signal gaortunities for imovation, even if
irdividial fims are relatively slev groming.

6. Federal Funds for Research and Develgoment

The variables F- is used to measure federal involvarent in
R &D in the i™th size category in the j th industry ad is measured by
R. . AsF.. inoresses fron0 to 1, fabral, inolhverent inR &D
A
decreesess as , proportion of all forts for USB-  » “e » "ouU
exdect federal inohement to affect fit« individally, art goerate
as an iMre-fim vari*,le, the highest level of disaggregation avai l*,*
in this amalysis is at the 1’th size class in the 1°th Indstry.
7. Q.S.E."s as Prgportion of R & D Baditure

This was calaulated as'd:total weg slaries of scientists and

enennporc R &D oosts for the 1 th indstry
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(\.S.F. 1985, table A-19, p.97), ad deroted as IK.

& size of Research Establishment ad Fim

An average vale is calaulated for both variables, two messures
beirg estimated for size of research esteblisent.  In each a2
n. wes used, where A., is the nuinber of R & D performing compenies
in tre 1’°th size category, j th indstry;

(Millias of dollars)
Eij - I;i1i
3

N (millios of dollars)
E*m “ ha
jic]

B Q (Millias of dollars)
zi3 -

Therefore E-  is the average size of research establigmant messured
in company funds for R & D, by size of company ad industry, whille
is aerage size of rescarch esteblishmant messured in total
fuds for R &D.  Since the relationship between federal ad conpary
fuding is uncertain, the two different measures of size of research
establigdment will be Used in the regression amalysis.  Aerage size
of fim is an estimate of average value added In the 1 th size cate

gy, j'th indstry for the average fim.

e re» have a set of operational variebles derived from the
flier resource based hypotheses. . H»ever these are all _essured M
datively high leels of Ration, either at tre leel of tre i7th
astry, or the broad 1°th size category in the i th imdstry,
tille we would wish «assures of Pj »d Gj at this level of aggregation
ryrey, for the rest of the variables these «@sures «ust be judged

HATT Tr
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inferior to etterprise-specific nessures. Further restrictive
asauptias nust be enployed if regression analysis is to be utillised.

The sinple device of asauming the ij estinates pertain to a "'rep-
resentative  fimt” will be eployed.  This awids ad dosoures the
prdolem of variability within the ith size category in each indistry,but
it pamits the variables developed above 1o be used in the folloving
regessias.  Hoever, while a aomprehensive aalysis would Incor-
porate enterprise-specific variables, aur intertion here is mainly to
analy=e reasons for differences between graupings of fims and exanine
towat extent they are attributable to differences in conditios betieen
imdstries.  While federal fuding of R &D ad size of fims are inter-
preteble as intra-fim variables, the main burden of aur aalysis iIs
aocamed with inter-industry differences and the possiblle effects of
aviraman@al or indstry-leel variables.  In the next dgpter we
shall present sate evidence to suggest that the effect of indistry
leel variables are typically nore inportant then intra-firm variebles,
esecially when fims firon a particular industry are sampled
restricted  size rages, as inor aalysis.  The evidenoe sugests
that variability in innovative activity between industriies terds to be
much nore inportant then variability within indstries, for large
fims. This would mean that the rellative neglect of intra-fim
\ariables in our amalysis may be justified in tems of the relative Im-
portance of enviromental ad intra=firm variables in determining R &

D activity.

A joint in favour of stooping the Fit« « the wo-digit leel
is Nelsn's diiversification je #stelsnetal (1) point
ak

“orgenised R & D is predamirently carried on by large fims,

. Th those ciraum-
Lo have more diverse prodiet lines”, @+ : “
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sine if the Nelson hypothesiis is correct, orgenised R & D mast be
related to firms operating at a considerably more diverse «level of
geeratias, possibly at three-, two-digit, or even higher lewels of
dnersification.

As far as the fuctioal form of the regression eguations are
aaral, four different foms are tried.  The main burden of the
hypotheses falls on directional effects of indepedent variables, ad
apriori there is no specific fuctional form vhich might be  expec-
t=d o be gooropriate o the exclusion of others.  Honever there are
,»sons for the dhoice of different fore, end these are disoussed

belov.
D Linear Form where Y is the
_ re Y is the depen-
Y= 48X dent, X the ircependent
; variable.
y |
He hi

The linear form is the shiest for, to he fitted, and this is

aufficient to justify its irclusion. » ->m*»
the existence of non-linearities ad saturetion leels, this for, »ou
ke sufficient to test the besic hypotheses bel». P* " ““there are
reesas why the linear for, W  be an inferior specification of the
relationship between rese»ch activity a” the independent varigbles
d.e to the violation of the baric assertion of linearity. * goeci-

, a,,viable O , the form provides a
fiad aove with the inclusion o ) o

> >fedtrict convexiity since

test of the reasoreblleness of the assunption of str

S N . s . «iid be cosistent with the
a siavi-fienHv nosirtive or necative

m Xrir
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) Double-log Transformation

LogyY =a +#?lag X

Fg. 7.8
The dauble-log transformattion (doub-log transform) is in oe res-
pect a preferable specification of the functional relatioships campared
to tre linear fom, since it is consistent with the assumption of
strict aonvexity. It also is a form which provides are test of non-

linearity in the relatioship between Y and X

3) Reciprocal Transformation

Ihe repeal trsfon»tion Crecip-transfon.), like tre linear

m, provides for the existence of threshold effects, vi ik
e »ion of strict conexity. An i“rtant feature of this for. is

. . *n which research activity tends
ie existence of an asymptotic leve

) - - _® = a novAd bssic rescarch
wards.  There is a theoretical Timit
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activity in each case of 100%; honever it is likely that in practice
thare is an asynptotic level goeratioal substantially less then 1006
forboth the R & D and besic research slb-systers.  Providing research
activity in sare cases IS gperating around this saturation leel, the

reciptrasfom, is one form of the regression equation which would test

for such activity.
D Logaritmic-reciprocal Trasformation
lg ¥ = 4?
Fie 7.10

The S-sheped cunve of the logariUmo-reoi imlMItvinsfomrtion
(log-reciptrarsfom.) has the premies of being cosistent with the
assunptiion of striict convexiity and the a prion eqectation of an
aymptotac level for the gooropriate resesarch acti ty

Ums, the different functional font provide altermative formats

for the testing of the hypotheses, each fomilation investigating
different possibilities as to the type of relationship between the
irdgeEndant variables and the gopropriate research ty.
Preis ad HouthalMrer <1»5> in a study of consumer behaviour utillisd
similar formulations on the grounds that it waes onlly possible 1o test
the reeasoebleness of a hypothesis against a limited nuber of gpeci-
fied altermatives (p.ee).  Qur arguKtt here is similar sinee the

differant formulations are cosistent with different aspec

up
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possible relationships between variables; linearity (formulation
@) 7 roHlirearity (@, ., ad @ ), strict anexity (@
~ @0 ) threshold effects ( (@) ad @) ), saturation leels

@ ad @®)- In the subsequent aralysis we will utilise each
formulation o exanine the reasorebleness of *the altermative soecif-

icatias of relationships between variables.

Testing the Hypotheses

In the regression eguations of the rmaining sectias of this
depter, the values in bradets under the aoefficient of each reck
pedat varigble is the t value for that »efficienti if «* value
is significant at the B leel of confidence (» tailed test) it is
asterided ¢>; if significat at the 9% lewel this is Micated by
adoble asterisk (). For eech equation, Fvalues, R ad It are
also provided, and the sarple »hich the regression uses s also indi-
cated.  Fron the sample code the aonposition of the saiple
eanined ty reference to the samples matrix of gopedix 1. A further
aonrention adopted s that in discussing a variable its varids
trasfomatias, in gereral only the code for the untransformed variable
isgiven; for eample iIn disoussing the performence of techrological
gortunity variable in tire different fuctional fores ». gererally
e P. as signifying tedrolagical goportunity in uttras
trarsformed form.

As an initial examination of the possible determinants

Xi
k., fM class in tre j th indstry,
apary finenced R &D for the 1 th ]
a pilot regression »as run using Pj (technological opportunity), Gj
(irdretiy gresth), Oj (Q.S.E. **"*» > , A  Zii “een
) ) ) . The only indstries included in the
fim in tre 1th size category).
v frowhich Phillips origiral iced
saple for this eguation are those ps origirally pro

a jlufcl



possible relationships between variables; linearity (formulation
@ ) / ror-lirearity ( ., ), ad @ ), strict convexity (O
ad (@ Y thresold effects ( (@) ad @) ), saturation lewels

@ ad ®)- In the subsequent analysis we will utilise each
fomulation to exanire the reasonebleness of the altermative specif-
icatias of relatioships between variables.

Testing the Hypotheses

In the regression eguations of the ramaining sectios of this
depter, the values in bradets under the coefficient of each inde-
padent variable is the t value for that coefficient; if the value
is significant at the Bk level of cofidence (o tailed test) it is
asterisked (®); iF significatt at the 9% level this is indicated by
a doble asterisk ). For each eguation, Fvalues, R ad R are
also provided, and the sample which the regression uses  is allso indi-
cted. From the sarplle code the aonposition of the sanple may be
eanired by reference to the sanples matrix of gopendix 1.
conventiion adopted is that in disoussing a variable ad Its various
transformations, in general only the code for the untransformed varigble
is given;  for eaple in disoussing the performance of tedrological
gooortunity variable in the different functioal foms we gererally
u=e P. as signifying tedrological ggportunity in uttransformed or
transformed fom.

As an inrtial examination of the possible determinants of X..,
aopary financed R & D for the i17th size class in the j’th industry,

a pilot regression wes rnun using Pj  (tedrological opportunity), G-
(ndstry gmwth), Uj Q.SE. intersity), ad Zy  (@erae size of

fim in the ith size category).  The only industriies included in the
saple for this equation ar* those for which Phillips originally provided



- 743 -

estinates of P.  and for which N.S.F. data for 1963 is awailable.
Tre simple linear form wes used for this regression ad the results are
donn in table 7.1 below.

TABLE 7.1
o Dan-

. . - F R ile
tdon Variable Independent Varicbles R !
NLT- g
ber . '

Corporate Tedvo- Istty 5gp  °SKE

Firenced Costant logical  gouh  Inten- IF?::m

R&D Oppor- sity

nrty

1 _ 1041 HL.8P. 46.66. +.2I. 100437y 42 8l B @

_ogr AR 2B B 16

The fit of the regression eguation is quite good, with an Fvalue
Of 4,0 ariad of 6. As faras the individal \aricbles are
aoncarmed, both Pj and Gj are significant, Pj at the 9% leel, ad
toft variables in fte direction hypothesised.  An interesting feature
of the dead significance of Pj and § is that it indicates that as
far as this sample is concemed, fears that multioollinearity of Pj
tod 6§ might neke It Inpossible to separate aut thelr respective
irfluLes on Xy were ufouded. Both variables may therefore to
retaired in the amalysis.

A difficulty with using onlly Philllips” values in the data matrix
(cole. (® ayendix 1) is that it limits fte degrees of freed» aail-
able. The device of utilising values for the 1™th sire category in eech
indstry is ae means of extending the availlable degrees of freed»,
but i further estimates of Pj »ere aailable, »be nurbers sarpled could
be quite susstantially.  In this respect Dr. Prank Samson
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of the department of Industrial Science, University of Stirling,
proviced invalusblle assistance by supplying independent estimates for
the ramaining industries and sub-industries in the N.S.F. classifi-
cation.® These are indicated by circling in colum %), aopadix 1.
In the second run, the provision of extra estinates of Pj permitted
edra industries and slb-industries to be included in the analysis,

inoressirg the degrees of freedom available.  The secod run also
extadad the amalysis by using each of the different functional forms

supested in the previous section, and by including the variable
(proportion of industry R & D,aamparny funded), whose possible signif-
icae for R & D allocation wes not fully gopreciated at the tine of
tre pilot n.  The remaining difference fran the pilot run is that
U. wes used instead of U, (", =100-UO.21 The resulting
re]gmsion eqatios are sumé]rised in table 7.2 beIO/v.2

All eqations in table 7.2 are fairly good fits ,ad each signifi-
cant varieble hes the hypothesised sign.  Ineach case Pj> G
Z. are significant exoept for G- in eqation 2.2 Fran the F
values of each equation, the best estinating equation is the sigoid

sged kay. recip. transform, with a narginally higher F value from the
dob.log.transform.  Provisioally therefore, the results sugoort

the log-recip. transform, ad the Pj, Gj ad Z- hypotheses.
syport is found for the U”j hypothesis.

The non-significance of the Fy coefficient indicates that the
results of the ragrassions ara not cosistent with the hypothesis that
feceral fus susstitute company fuds for R &D. To further exanine
tre implicatios of this result the regressions were run again with
the sare sanplle and independent variables, but using Yy, total fuds

for R &D in the i1 th size class In the j th indstry, as dependent
varidble rather then Xy .23 * “deral fudks aryatt rather then

sustitute campany fuds for R & D, then Yy shauld be in \Y%
related to F- ; as F- decreasss, the federal proportion inR &






fuding increases, and so also shauld total fus for R & D.  This

is eanined in the gppropriate regression eguations 3.1 - 3.4 inclusive
(&= goperdix IV for full results).  In this case the best estimating
eqatm is the dob. log. transform, (see Table 7.3 bellon).

TABLE 7.3

Both the Pj and F- variables are significait at the Do leel
of aficence.  When equatiion 3.2 is aonsidered in aonjunction with
aatas 2.1 - 2.4 irclusive, the inference 1o be drawn is that
F.. is considered as a possible  determirant of research activity alayg
wirth other independent variables, the results are inoorsistat
the wicely held belief that federal funding of R & D merely replaces
what would have been allocated as compary resources for R & D.
Insteed it is consiistent with the dosenvation by Collier (1963) that
R 1D resources tend to be  hiired when federal contrects are dotained,
and laid off when the contract ends. 5~ This result hes duvias,

policy inplications since It does not support the converttional
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funding of R & D does not significantly affect the health of com-
pay R &D in different indstries, at lesst in tems of intensity of
amay R &D fuding. Instead, it inplies that assessmant of

federal financing of R & D need not take acoount, in gereral, of
possible costs of sacrificed corporate R & D since It does not gopear
1o irhibit privately financed R & D.

The regression equatios 2.1 - 2.4 inclusive provide no sypport for
the retention of the ad U variables.  Cosequently these
regressias were re-nn with the emission of the F- and U™ variables,
ad the results are sumarised in table 7.4 below

The pattem of goodness of fit is gererally the saie as in equa-
tias 6.1 - 6.4, all equatios providing good fits, with lay. recip.
apin.domrga marginally higher Fvalue. Al variables are signifi-
cait in each formulation, P. and Q. at the 9% level iIn each ca==.

On the available evidence, It gopears the regression analysis syports
teP.,G ad hypotheses with the sigmid log. recip. formu-
lation providing the best fitting regression eguation.

Thus, the hypotheses that tedological gyportunity, growth, ad
size of fim encourage  research intersity are supported by the aove
aalysis. However,the hypotheses that the Q.S.E. ratio inR &
eqerditure and federal funding of industrial R &D are, respectiely,
positively and negatively related to corporate finenoed R & D intersity
are not sypported by the equatios. The nonssignificance
Q.S.E./ R & D ratio may be cosidered a refutation of the origiral
hypothesis, (that the "huren elenet” in R & D is the most significant
resaurce), or it may sinply ideate that the hypothesis wes not satis-
fectorily operatioralised or messured here. Honever, as indicated
ane, the non-significance of the F.. variable in eguation 2.1
o 2.4 inclusive, when considered alog with its performance in equation
3.2, provides both useful and surprising information with conseouentt
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policy inplications.

There Is an interesting symetry in the egatios 6.1 t© 6.4 inclu-
sive. The resulting significant variables incluce one tedrolagical
(Gortunity) variable , ore market (Quortunity) variable ad ae
varigble measuring size of system.  As far as the different formu-
latias of the equations are concermed, there is little evidence
10 choose between fomulatians, all eguations recording high ad
similar R values. However, as disoussed earlier in the dgpter,
each functional form hes different inplications for interpretation
of the behaviaur of allocations to R &D in response to dages in
the variables, ad sincethere gopears to be little to choose between
the variass functiomal foms in terms of goodness of fit, ity
be worthwhile considering, in particular,the assurption inplicit
in the recip. ad lay. recip. trasfomatios that there is a
saturation level or asynptote In terms of peroatage allocatios
R& D.27

For the recip. transform, the agynptote takes the value of the
* coefficient, which in equation 2.3 hes tre vallte  14.71 (%),
ad in the ran which emitted F.. ad U". hes the value 15.91 @),

& indicated by equation 6.3.  Both t values are significatt at
the 9% leel. The inplication is that the best estimate of a
ceiling to R & D allocatios is aout 196 of value added in this
seecification of the regression eqation.

In tre log. recip. trasforr. the asyptotes, have the vallle <,
which is 186.79 (%) in equation 2.8 ad 8.8 w  in equation 6.8,
the first estimate being infessible and the secod nonpllausible.

A prablem in measuring asynptote values in both recip. ani 1«.

recip. trasfaors is the highest value of Xy  included in the sam-
ple isS.St in the case of scientific instrurents, whereas the  imputed
asymptotesderived fram tire best fitting regression line are substan-
tially higher; this is reflected in the confidence intenals



surrounding both formullations, the range being 4.98% to 24.46)%

for a in equation 2.3 (recip-trasform.) ad 14.430 to 2146.31% for
ineqation 2.4 (Ioy. recip. trasform.), both at the 9% level.

The width of the corfidence intenals is a cosequence of the avail-
ability of data poirts being restricted to anly loner values of

X.. as far as theoretically fessible range fran Zero to asynptote
isaocemed.  The problem is exacerbated in the case of the 1.
recip. transform, since a logarithmic transforation here puts a
higer weighting on lorer values of the deperdent varieable.
Consequently, whille both equattions 2.3 ad 2.4 are goad fits, the
graping of the data points at lov values of Xgj means that very
Iittle can be usefully stated with respect to possible saturation
leels.

Therefore, in this section, each of the functioal forms used ©
analy=e possible determinents of X.. hes provided good fitting
equatias with three of the five independent variebles recording
significait t values ineech ca=.  There is littde to doose
betvneen the functional foms in tems of goodess of fit. In the
rext sectionvwe shall similarly analyse besic research activity in
an eanination of possible deteminants of allocations to that fuc-

aom.

the Basic Research Hypotheses

The N.S.F. dataves similarly 58 P seloulate possible deter—
urents of besic rescarch activity, /S T Ue Xy variaple, a
Silot run vwes mede usirg% |% formulation and only P‘_J estinates
proviiced by Phillips. n this % the FS(j. variable was includd
Intre pilot tun sire, there »re specif™ and un»big»°us expec-

tatias as 1o the sign of F,— unlike in the Xy pilot run.



TABLE 7.5



- 7.2 -

T _adE.ewere used in altermate regressios o nessure average
siga of re;]earch esteblisTent.  The deperdent variable ves By,
percentage of total funds for R & D allocated to besic research for
the 1"th size category in the j’th indstry.

The initial results are surprisingly good considering the few
degrees of freedom availlable ad the frequenttly alleged non-econamic
besis of basic research.  Size of research estzblisent is sig-
nificant in both cases, but wenE"y isused, P. , Fy adU-
are al= significant.  Hwever v. hes the gyposite sign o that
hypothesised, indicating that a negative relationship exists in this
saple between the proportion of R & D aost accounted for by weges
ad salaries of Q.S.E's and By.  This is a resutt which is diffi-
ault to acoount for from the preceding hypothesis.® Otherwise
the only other coefficient in equation 1.2 whose behaviour is not
aorsistat with the earlier hypothesss is that of Gj}  in this case
the A coefficient is statistically irsignificant.

To test tire possible significance of the relationships between
these variables and By more fully, the four fuctional fores were
utilisad in a series of regressions inwhich the extended estates
of Pj were used.  Eath, of the variables hypothesised to affect
By vere included in the regressions, e Size °' resectrCli 6smtaspIsly
ment varieble being measured inbothEy adEy foriS® 1116
«ere extrenely poor, only are variable In tte eight regressias  being
signiificatt at the 9» leel, Ey inelation 9.2 (see gyendix IV
for the coplete resulits of the regressians,  equatiion nure
9.1t 9.7 inrclusive). Egation 9.2 shom in table 7.9 bel» also
hed the highest F valle.

- r .,»C3y ad the nurber of
Considering the nurber of van

- , - B TF € lesst ore variable
regressias run, it would not be surprising

. . there is no uderlying
recorded a significatt t value
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relationship between the independent variable ad BA. Consequent y

the regression results cannot be cited in sygport of the behavioural
hypotresis. A further set of regressians were nn inwhich 2y G
adE.. were regressed individually against B.. in each fuctioal

form (equation 7.1 to 7.12 in gopendix V) in order that extra
degress of freedom cauld be nede availlable in the regression eguatios.

Hovever the results were again extrerely poor, none of the variables
recording a significatt t value.  The regression analysis does
rot support any of the earlier hypotheses as 1o possible relation-
ships between the independent variables ad BY.

Testing the Spillover Model

The failure of the regression aalysis to syport e B
behaviaural hypotheses coulld mean that the hypothesiisad rellationship
and independent variables wes incorrectly specified

W w ™1 « W W P I K
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erther in tams of the effects of the varidbles or the gopropriate
fuctioel relatioship. A further possibility is trat the avail-
aole highly aggregated data is not a suitable form for the testing
of hypotheses originally specified at the level of the individal
fim

Soe indication as to how the present theoretical construction
my be ingppropriate hes already been discussed in the section in
dgoter 4 dealing with menegerial preferences ad R & D sbsystens.
There it wes suggested that manegers may rank R & D sb-systers
according 1o the extent 1o which each slb-system is removed fram
finel autput.  Rediicalness and uncertainty of sub-systen activity
with respect to their contribution to firal output encouraged
meregerial bias and discrimination against such sub-system activity.
As Cold (1971, p.222) points edt, in such cirourstances mregaratt
my posess a ranking system for sub-systen ectivity, familiar ad
routine gperations or activities with low uncertainty being gererally
oreferred 1o more imovative and radical activities, 0" Peraviour

- . &/ J.
Ag 7.11 Process of inmovation *
F yg @ ool i . »?

model of imovation)

Fig 7.11 (® Direction of incress-
ing project aost, ut
certainty ad igorace * - R *
of autoare, & radical-
ness of autoare.

Fig 7.11 © Mogel gf resource
0 © aﬁbca(i::m ad dis-
. ' FIGRE 7.11
Figure 7.11 () irdicates the direction in 0" TorCE PRt
crer KBS AR Dypicallly ravke, fran product on 1 PESIC esearTh, e
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,preference rarking operating in the goposite direction to the dhroo-
lagical process inplicit in the traditional linear model of imovation
represented in fig. 7.11 @)- In aonjunction with the fllew model
of ressarch activity inplicit in Machlup®s dert in degpter 2 (figure
2D ad manegerial preference for familiar ad minimally uncer—
tain research activity, figure 7.11 ) sugests the behavioural
nmodel of resource allocations in figure 7.11(C). The diagram is

to ke interpreted as inplying the rarking of resource activity in

fig. 7.1 @); tre first preference of mnegament is for tre R &D

activity indicated by the daine d c.  In this case resourcss are

alieated to develops which in tum develop project idea! “»ich
in tum move activity back to the production stege. A lover raridg
preferene is for the activity dain bcdb resulting tarn
resource cosdttent to goplied research, with the lesst preferred
ativitybeingab cda. The arr»s gperating in the opposite
direction indicate the possibility that resouraes »ay not be allo-
cated in a simple linear progression a b ¢ d, as Machlup earlier
pointed aut.  for example a project which is referred back 1o besic
ressarch fem goplied rese»sch twice end develgoment once might
follov the Flow process of research rg}m% ard resource comift-
mtabeababed

Thus, while It is necessary for an activity at the top ed

(@d "d") of the R & D spectrum to pess through all intenening
stages between It and activity V. (intenvening stages are "B ad

V- here), a project may be referred back to ay of the stages pre-
ading it by “skipping"® intenening steges.  This s indicated in
figre 7.11 © by the armons lypesi.rg ndl arl'c’. Itisof

. . -Nmaiectsmy inole activities

P Cormaeel ot iRl thagh at diffary O

differant sections of the imovation. Sue* aopllex behaviiour - 1 d

have to be studied in a more sophisticated version of the model then



is developed here. K9]

The asymetry of resource preferences within the R & D function
inplies that there is a threshold to be overcare before a resource
is comitted to a particular category.  Since the fim's first
preference is to minimise displacement fran PA, the fim"s primary
geeratias ad activities are concermed with PAM resouraes, with
develgmant, goplied research, and basic research being lesser pre-
farad gotias, in that oder. This suggests that the assurptiion
of strict convexiity utilised in the model of the menegerial prefer-
axss systemmay be inggporopriate in this cotext. Insteed, fig-

7.1 © suggests a 'spilloer” model of R & D sub-system allocations
inwhich there is pragressive aomidrent of resources alog the R

&D spectrum fran PM activity, the boundaries between sib-systens
representing thresholds which have to be arossed before a particular
sb-systam activity is udertaken and resource comitment is entered
intb. For eample, a fimmay allocate resaurces to the c d ©

“logg* initially, with minor developments of existing products

pessing through into production, and n» projects being created ad
aonceived within the boundbariies of this development - PAM lagp.

The preference systam, iIn rarking sub-system activity according to
uncertainty and radicalness of associated firal output, creates thresh-
olds or barriers which nust be overcare before a loner rarking activity
isuderden. As imdicated in figure 7.11 Q) the barriers are
oeraae inthreorderdcba.  Thus the develoogment=2/M logp may
first be exteded 1o include gpplied ressarch, and firally besic
reseerch as the barriers 1o adoption T Cpec 11C SUb-systen activity
are progressively oerane.

This raises the question % o e U MPothesss davelopad
earliier wiith respoctto besic res o CCUVItY ey have ary rele-
va, e to the presatt disassion. . Into* * rsfoi-lation is

... offsst of dages in the respective variables is



—ot primarily to reallocate resources within existing sb-systens
but insteed is  strengthen or weaken the threshold boundaries
arstituting barriers to allocation of resources to less preferred
sbsstas. For examle,in the spillover mocel, the hypothesised
effect of increased industrial grosth is not to increase besic
research share of R & D activity, hut to wesken the threshold in-
hibiting the adoption of besic research activity in the first place.
Similarly, the other variables affect sub-system resource alloca-
i in an analogous mamer to that of the earlier By hypottesis,
eopt that the effects of the variables are with respect to fecili-
tating or inhibiting the trigoering of a particular SUb-system activ-
ity rather then with respect to re-allocation of resources within
the existing sub-systars.

To test this fomulation, the varisble Ny substituted the
varidble By in the regression amalysis. Ny is the percentage o
R &D performing oompanies in the i”th size class in the j th indu
stry who also conducted besic research in 1963, Ny is therefore a
meesure of the proportion of R & D performing carpenies who have
atssad the basic research threshold in a particular indstry.

Usilg Ny s a less arbitioss test of the model then By since it
is a sinple measure of the extant to whic* besic research activity
inan indstry is switched -a7” or ""'of F rather then the distribu-
tical agpects of sub-systen activity meesured by By = Hoewer,
recalling whatt was said earlier about the likelihood thet slb-
system stability diminishes farther doan the resources hierardy,
this may be the best that can be expected fran analysis of besic
ressarch.  The besic research SRSE 'S the nost wilrereble ©
start run distress conditions, as the spillover model «ould suggest,
an) it is also gererelly the rest difficult re analyse in t.»s of
anticipated resource utility.  Hie nonsignificance of the By
instability



and irregullarity of allocations to this function rather then
seecification ernror in the regression aalysis r=elf. Ureliability
of the distributional aspects of sub-system activity notwith-
stadirg, it may be possible t establish pattem in the relatively
sinple "'switch mecheniar’® inplicit in the spillover mockel.

The Ne= regressians were nun using the extended saple pro-
vided by the extra estimates of Pj, in the four forms with both
E, ™ E".J measures of size of research esteblisment.  The
results are sumarised in equations 5.1 t 5.8 inclusive in gopendix
. Both versions of the dob.log. trasfom, tumed out to be
gd estimating equations of log Ny  and were unequinvocably superior
1o the other estimating eguattions when F values were aopared.
Equation 5.3 in tablle 7.7 belov recorded the highest Fvalle.

TABLE 7.7

As with the x.lj eqetions, Fy ad U™y perfom porly in
eqation 5.3, and this pattern 18 R In the et of eqatias



51t 5.8 inclusive. The only significant t value for either
varigble is for Fy inegation 54. The sigs for G. adE"-
are those anticipated, but the sign of the regression coefficient
for P. is negative indicating that the proportion of R & D perform-
irg aopeniies in a particular industry undertaking besic research
diminishes as tedrological goportunity increesss, ceteris paribs.
This inplies the suprising conclusion that the proportion of firms
aoducting besic research is inersely related to the extent to which
auratt science permits functional product dranges, after alloving
for the effects of industrial grosth and size of research establish
meit.  This is discussed further below.

Since Fi- and U" . performed bedly in those regressios, the
four fuctiomal forms were agaiin used to re-estimate determination
ofN.. usingE™j only as measure of size Of research establishment
ad celeting F.j and UM, To examine what effect celetion of P.
wauld have on the fit of the eqatians, this was dore in a second
rn for each fuctional fom.  The results are shenn In equations
8.1 to 8.8 in Apperdix IV.  Both doub. log-transforms agaiin recor—
ded the highest F values, the equation with the highest value being
equation 8.3 inwhich P. wes included as an independent variable.
(s table 7.8 below) The F value of equation 8.3 ad the res-
pective t values of variables are in each case higher than the
correspording equetion 5.3 invhich | 90 U 5 "ere el Tre
Fvai» alore indictee 8.3 ie a betta- estiftor of log Ny then
53

Oe «salt worth _»yhesising « appara’tly

e nf ressarch establishment
strayg relationship betveen aerage —

ad percertage conducting besic research (tvalwe of 7.27) after

) _ ap_= \hile itwes stated earlier
alloving for the effects of Fj am™ j*
that Iittle could be said aoort the possible determimnats o y-
aerao ai,. « ,,search establishk.! .as the variable recording
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significait t \values in each of tre linear formulatios of the By
regression equation disoussed earlier (s, agpin, egatios 1.2,
1.3 ad«.2). It is therefore worth enphesising the possible
significance of this variable as a determinant of besic research
eqenditure, as to as future »»lysis Is cocemed, given its
goparent inportance relative to other variables in both »y ad

B.. analyses.

Apin, honever, whiile §j 4[5 recorded the signs antici-
ceted, P, still es a negative -gfficient.  The significance
of te t value for P, suggests that the regression amalysis is *
only inconsistent with the hypothesis regarding the possible rela-
tioship between P. ad Ny, but directly contracts it; at ssas
that high tedrolagical opportunity does not encourage the dressing
of the besic research threshold, tut in fact gypears 1o irhibit it
The gereral resource based goproach 1o the determiration of »y
gopears 1o have resulted in good satiating equations in the cases
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significait t values in each of the linear formulations of the BY
regression equations discussed earlier (s, agpin, eqatios 1.2,
13 and 4.2). It is therefore worth enphesising the possible
significance of this variable as a determinant of basic rescarch
eqaditure, as far as future aalysis is concamed, given its
goparatt importance relative to other variables in both N ad

BY amalyses.

Again, honever, while G- adE".J recorded the sigs antici-
pated, Pj  still hes a negative cefficient.  The significance
of the t value for P. suggests that the regression analysis is not
anly inconsistent with the hypothesis regarding the possible rea
tiaship between P. and Ny, but directly contradicts it; it ssars
that high technolagical goportunity does not encourage the arcssiing
of the basic research threshold(out in fact gopears to inhibit
The gereral resource based gooroech to the determination of Thj
gopears 1o have resulted in good estimating eguations in the casss
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utilising G. adE"..J what is it about the P, varigble or

hypothesis that results in such an enphattic cotradiction of the By
hypothesis?

Sare relevant agpects of the problem may be illustrated if we
aonsider the precsss by which the respective variables might goer-
ate on the respective sb-systens and resource preferences. In
partiaular, the G- and E™- variables differ fronP- in that they
b not descriibe differences inherent in R &D activity oconducted
in the respective indistries, but instead  differences in the condi-
tias encountered by sb-systemoutput.  Both G- adE"y are
hypothesised to gperate on the R & D system by redicing the effective
barriers to inplementing lessprefenred sub-system activity;  incress-

igG. and/or E*,, progressively reduces barriers ad resistance to
inplenenting sub-system activity along the daind cb a in figure

711 ©)-

Fb(z,er the variable Pj is of an ettirely different rature t Gj
adE"..; It isan inended measure of ane aspect of R & D work,
“the extant to which acurrent science permits functioal ... product
dhenges and product differentiation’”.  Earlier itwes suggested

that this variable fecilitated linkages between besic research ad
aolied research, ad this is indeed ligble to be the case.

Honever there is another aspect of this variable vhic* only is

goparent ance the behaviour of besic research activity is aon-
sidered in a spillover frae of referene, ttat & the
Pj on goplied research resource utility.  The goplied research
sub-systam is concermed with the disocovery of new scientafic
knovledge with specific aoraeroial gplicatios (e goperdix ).
The variable Pj rafere to linkage between science and tedrology
and certainly will have a direct effect on the resource utility of
alied rescarch. Thiis hes siignificant inplications for besic

research in a spillover antext.
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IT resource utility of gplied research rises due to increase
in p_} this may inhibit rather then fecilitate spilloer into basic
ressarch. I firms are operating in a rich gplied research envir-
ament, incentive to direct resources to nore specullative besic
rescarchmay be srall.  The consenvative bias inplicit in the spill
over model suggests that high and deronstreblle resource utillity firom
gplied research might lend weight t argumerts against besic
research allocations;  why allocate to basic research when there is
such potential ly high resource utility to be derived from allocating
o those aress where there are dwviouss links between scientific know-
ledte and new products?

Honever, the R & D performing corporation operating in a lov
P ewiroment is lisble to find its goplied research sub-system
relatively barren conpared to high Pj industries.  In such circun
stances there may be little irhibition with respect to spilloer into
besic research since besic research is not divertingR & D resources
iron aress of high resource utility. A similar point is made by
Williass (1961) in a nomative cotext;

» 1 F. . . researdhers wisely doose besic prablens because their
gplied work has nin up against existing scietific knovledge ad
hes become unproductive® “enpirical’ then the westage rate need
rot be high" (p-26).

As viith the beraviour OF the - \@PaRIR In the X-peqatiars,
this suggests an interpretation which again runs counter
converttional wisdom It sears the industriies inwhich R &D
perfoming firms are more lisble t adopt speculative and highly
uncertain basic research are the non-science besed, if t
of industrial grovth and size of rescarch establismeit on Ny  are
sgparated aut.  The sciencebesed  industries are more lisb
"play safe'” by exploiting aoplied rescarch ad excluding besic
research, ceteris paribus. In this sanse, the non-science-based
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iLstries may be said to be more progressive in their readiness to
utkrtake basic research activity compared to the science-besed
inLstries.

This reinterpretation goens the resource-based aalysis tested
by the regression eguations 1o the critician that it is non—refutable;

hed the original Pj hypothesis been supported by a significant
ad positive t value for log Pj in equation 8.3, the original Pj
hypothesiis woulld probebly have been retained without question.
Itwes only when a negative and significant t value wes dotained
thet an altermative eplaation wes sougit.  The anly justifi
cation offered for this is that it wes the recording of an aoerrant
result for Pj which provpted a reconsideration of the role played
by the respective variables 1T the spillover model and clarification
of the distinction between the effects of Gj, E - ad that of Pje
Cages InG adE"y do not inply qalitative dages in the
interat  properties or daracteristics of camposite resources in
respective slb-systans, but only the conditions affecting the ex-
ploitation of output of existing or marginal resources of the
reective absystars. AsbothGj adEy increese , we eqec
a progressive unfolding of resource allocatios to the lesser pre-
fernred sub-systams along the daind cb a  in figure 7.11(b)
it beoomes pereeived worthwhille 1o allocate resources to the next
ab -systen.  Bxamining the inplicatios of Pj  nae fully hare
it is goparent thatt the direct inpect of this variable is oriented
tonarts the goplied researeh sb-system. It is this specificity
of effect of P. that encouraged the re-assessment of its role in the
spilloer mocel, ad it is this which we argue justifies using the
altermative hypothesis, in which light the relationship between Ny
and P. wes re-interpreted.

¢us, the regression »alysis suports «re hypotheses that tedro-
lagical goportunity, gro*h ant site of research establish«™* all
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affect the propensity to undertake besic researdh.  There is a
parallel here with the resulting significant variables in the equa-
tas used to examine possible determinants of campeany financed

R &D in that simillarly we obtain one tedrolagical (goportunity)
varidble, oe market (gooortunity) varieble, and ore variable
nmessuring size of the slbsystem. Hwewver, in this case the tedro-
lagical opportunity variable appears 1o be negatively related to the
depedent variable.  Tentatively, therefore it gopears that same
agects of besic research activity my be aoooutted: for in terms of
hypotheses develloped iin this depter.

Conclusions

In this dgpter, the resource besed model of depter 5 hes been
tilisd to fomulate and test hypotheses concemiing the conduct
TR &D ad basic research activity in indstry. The results
ere gererally quite goad in tens of the fit of the regression
quatios ad significance of variables, exogpt In the case of the
- \aricble. As well as providing evidence which is of use in
electing which of the respective hypotheses s consiistentt with
he dosened behaviour, the nultiple regression analysis also
ndicates sare featurcs of the distribution of R & D activity in the
JS. in 1963 not imediately dovious from casual doservation,
formullating the regressiion hypotheses in the comtext of the resources
rocel illuniretes the postullated relationships and determinarnts
inohved in the techrolagical dange systans, and the resulting
aoclusians hopefully provide a clearer uderstanding of the  inporc
tat variables operating in the R & D decisioneking prooess.
On amore gereral level it also gopears that besic research activity
my be eplained to sore extent in tems of the hypotheses develloped
earlier in the degpter.  In the context of the frequently alleged



non-ecoamic basis and motivation of such research disoussd
earlier (= chapter 2), this may be regarded as notenorthy in
its o rigt.

Honever, there is another aspect to this depter which should
ke stressed.  As hes  been emphesisad in earlier depters, fims
carot gotimise allocatios through amalysis and aontrol at project
leel de to the high degree of complexity and uncertainty surroud
ing projects.  Conseouenttly, neoclassical theory is gererally
irgpliceble at this lewel, ad at aggregative leels.  On tre
other hard, the hypotheses developed here are frared in tems of the
resources model of chapter 5 which does not require amalysis of
aopoatt projects in order to provide a besis for decisios on
owerall resource allocations to fuctios.

In placing enmphesis on the fomation of-gestalts” and perogption
of pattemn In-corporate/enviroment relations, the resources mocel
stresses leamiing and adhptation in corporate allocations, which does
gear to be an Inportant aspect of corporate behaviour and decisiot+
meking at this leel in the fim.  Not onlly does this fecilitate
eplaation of the "top-doan’” nature of allocatios in the coporate
hierardy, but it also pemits eplicit recognition of the signific-
ane of uncertainty at lorer leels in the coporation;  sinoe
analysis of higher leels is not equivalent to analysis of aggre
ctes of loner lavel projects, we co —\t—ywiuire in the first instance
deterministic or stodwestic proiex;r el e before ve can study
higher lewels.

Consequently, the resales franenork Prides s besis o» -hich
models OF rational decision-raking»ay be introduced in »alysinC
corporate behaviiour in aress Hg:gratianlity is rot gererally
reconised.  The previoss stales «hich have usad « ratioality

-.0h a. neocclassical goporoades, have typically been
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kessd on  deky, project lewel, foudatios. It is hoped that
the contrributiion of this dapter is deonstrated in the potential
usefulress of an altemative besis for economic model building, as
vell as to have provided sore interesting results with possible

inplicatias for policy meking.
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APPENDIX

The purpose of this gopendix is to provide a brief suney of
sore of the nore inportant studies of the determinents of imovative
activity in the large modem corporation, that are not disoussed in
the main bod/ of the text.  Hopefully, this vali place the analysis of
deoter 7 in antext.  This was not dore in the rain text of this
depter since the amalyses sunveyed here tend to be based on a neo-
classical framenork, either eplicitly or inplicitly.  Cosequently
tte selection, interpretation, and «ptosis of variaVas toered relevant
to the analysis is rather different fro« that of the sy sW fwe«ork.
Vhere Stoh differences arise and are importo« will be enptosised bel».

We shall restrict consideration to the major hypothesised
relationshiips discussed and analysed in the literature.  Tte first
of these is the question of possible relationship between sire of

fimand imovative activity.

® Size of Fim
This factor has been extensively investigated by a nu*er
of analysts using «assures of site, in partiouiar, assets, sales
ato eployrent. A stinullus for such study hes been the Sdiunptenan
tiesis (Sduipeter, 1965«¢) that sise and market poer fecilitate the
process of dy»do coition W
distributed a sample of 340 firms taken from the Fortune 500
i stries and fourd the elasticigy of B BB SHOTt (reesured in tms
of ratio of R &D epl &{;gtotaiglglwrent)toazetobemy
a en TG of total eployment ad total
weskly related to size, measure
1l on the other hand conducted a similar analysis
assets.  Comaror (]% on Inc
) industries using late 1950™s data ana
1o Hanberg of 387 fims in 21

. w* . relative to total size (ressured
found the elasticity of effort rela

e _roontiv less than one for 7 industries,
in erployment terms) to be sigm 1
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an inno case significantly greater then ae.  Camanor”s findings are
arsistatt with Scherer’s (19%6) analysis of & fims fron the
Forture 500 for 1955, inwhich he found that the largest fims acooun-
1 for a substantially smaller share of R & D eployment then they

did sales. Mansfield (1988) foud using 1945 data that the largest
fims in the petroleun drug and glass fims soent significantly less
MR &D relative to sales then smaller fims, the demical industry
keing an exogption.  Grabonski' (1968)supported Masfield™s findings

in an amalysis of large coporations allocatios to research for
19962 in the chemical drug and petroleum indstriies. Both Worley
(%D ad Snith and Crearer (1988) found a tendency for fims in the
micdle of the size distribution of their respective saples to be nore
ressarch intensive than larger and sraller fims, in tems of employment

and expenditure respectively.
As Scherer (1970, p-3Hl) comats, the evidence suggests

that size up to a point leads to proportionately increasing innovative
activity inmost indstries.  Heaver after a point further size does
rot leed to increased inovative intersity, admay lead t
This is consistent with the earlier resource based hypothesis if,
to the hypothesis that R &D advantages are gained from increasing
size, is added the qualification that they may encounter a saturation
point.  Further than this, conparison with the study conducted in
chapter 7 is difficult to the extent that the studies conducted above
are typically conducted on anindividual industrybasis, whereas the
analysis of chapter 7 is on an industry wide bas’
© Concentration

Measure of conoartration of industry sales have been used
as indicators of nKMipoly pwer » «*"ine 1te Possil"llty tet “ *
ey have an effect on innovative activity, frequently with the
Schumpterian hypothesis in mnd.  Using 1S« and 1961-52 data,

taowits (1962) found a weak association between concentration and
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intasity of research eqoenditure, as did Harberg inhis 1966 study.
Sterer (1967) in an analysis of the determinants of intersity of
ressarch employment inirtially found a strog relationship between the
aooatration index and research effort, but a much weaker relationship
when differences iIn tedrological gyportunity vere alloned for.  Coranor
inhis 1967 study foud no significant relation between concartration
ad research intersity.  Reoent studies by Adams (1970), Philips
(9r1) Globermen(1973) and Hone and MdFetrridge (1976) report mied
reaults in each case with concentration being significantly related
10 research effort acoording to part of the evidence of each study, ad,
ucorrelatedacoording to other amalysis in the sare studies.
The evidence suggests, at best, a weak association between
concentration and research intersity,  especially after alloving
for tedrolagical goportunity which is typically stogly related to
dgree of concertration. It is not consiiderad as a possible determ-
irent of rescarch intasity in the aalysis of this dapter since we
are using a non-discretionary nodel of corporate behaviour inwhich
the assumption of hostille or potentially hostile evirarssits enaures
that market structure does not pllay an inportant role in deciding the
distribution of resources.  The availablle evidence sugpests ﬂ”eit .
on enpirical grounds also its anission is justd *
) Orgenisational Slack
Availability of cash ami resources surplus to that i-aliatsly
quired  naintain the corporation has been frequently suggested
a saurce of R 5D activity» a hypothesis which might be reg
; corsistent with both Schupeter™s (16'°) ad Penrose™s (1999) theories
: corporate grovth and develop»*.  Since depreciation «@y «*
souree of liquidity, it hes been used as a test of this hypothesis,
rabonski in his 1969 study foud that a variable curing after tax

refits plus depreciation ves &gﬂ} Nely g stonificantly related ©©
i 4 jr-j  Hipp.r. Sderer in
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his 196 study, Harberg in his 196 study, ad Meller (1957) in
an ecoaretric analysis of 67 fims using late-fifties data, ad
Sythet al (1972) in a study of patenting intensity InUK. industry
all fourd little or no relation between measures of profits and/or
liquidity and research effort.  Elliot (1971) in amalysing research
intersity for 53 fimms, 1963-66 foud that profit exectatias
vere nore inportant determinants of pesearchexpenditure than cash flow
varicdbles.  Minasian (1952) inastudy of 18 dhemical firms for
1947-57 fourd lagged profit explained much better by R & D, than lagged
R&Dwes by profits.  Branch (1974), honever, found sove evidence
of a significant relationship between past profitability and research
effart inastudy of 111 fils in 7 industries for 1950-65.
Regarded together, the available evidence provides little
evideee of a consistent relatioship between measures of profit ad
liquidity, ad R &D intersity, Since profits ad cash surplus
geerating requirements woulld facilitate discretiomary behaviour, such
variables are not included in the amalysis of dhgpter 7, and again we ray
rote that the amission of such variables does not gppear to be a savere
defect, judging by the available epirical evidence.
@ Diversification
renewing »eison a*« . * studies “ pl°red
possibility that there fay he sare relationship between prod
sification a«) «search effort.  Nelson argued that, in view of
the inherent uncertainty with resect to final output of research
cctivity, (articularly besic researd), e fimwhich has a variety
of ptcd, .«s and markets is more liable 1o be in a more favourable position
o eploit the unexpected goportunitiestrow, Up by research, then is
a mne specialised firm. Grabo«ki “ ~ 1968 5tUdy * * n .
that degree of product diversificationw ™ uniaford 1o research interst
after «ins acocount of other factors.  Hovever. Connor (1985, using
late-fifties data for 57 pha-aceutical fims foud a negative
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relatiaship between degree of diversification ad research autput.
Sterer, in his 1965 study, dotained mixed results in relating degree
of prodlct diversification to R & D enployment.

As with the previous two variables disoussed, concentration
ad orgenisatioal sladk, the evidence is, at best, wesk, as far es
possible relation to R &D effort is conceimed. Honever, unlike the
tests of the other two variables, the failure of pest empirical
analysis hes direct relevance o the presant analysis, sine Nelsn®s
diversification hypothesis can be simply exoressed in resource utillity
tars, ad related to nondiscretionary steedy state behaviour.

As mentioned earlier in this depter, it hes similarities to the hypo-
thesis that basic research activity is directly related to size of
research esteblisment.  There is, hoaever, no dovious reason for
the anbiguous results dotained from the studies to date.

SUMVARY

This brief suney of «pirial
of R aD is perhgps best daracterised by the ladk of conclusiverness
or finality as far as the relatioship of ary of the variables to
R 1D effort is concermed, «a have concantrated on the major hypc-
theses which have been suggested and enpirically exanined in the liter-
ature. yet. with the possible excepticn of the relati«ship between
size of firm and research effort, there is little definite
can be stated with respect to the detemmatron cf rescarch effort,
without heavy quedification.  In this context, itisP ~  inter-
esting that of the three tost extensively analysad  relabronships,
the two involving concentrattion ad orgenisational sladk are besed
mﬁe&msedexistelmofrrang rorer ad discretion, and con-
sequently do not have a place intha . amalysis of this
degoter. Despite the »«uivocal suypport for the hypethesrs that
R, Deffert isdirectly related to 1 * » * * * ggportunity preceded
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by Phillips (19%6), Scherer (1957) and Caranor (1967), the enphesis
in empirical research does not gopear to have shifted fraom further
analysing the possible emirical inplications of market distortions
or inperfectios in the necclassical frae of reference, nor is there
ay evidence of recent attenpts to develop nore sophisticated messures
of techrolagical goportunity,  a variable difficult to messure, but
goarently a fundamertal determinant of research activity.
Consequenttly, this suney highlights the different oriien-
tation and empresis between the system frane of reference developed
here, and the general concem of previous epirical studies.  Tenta-
tiely, it is hoped that the frarenork developed here shens sare
pramise as a besis for further enpirical amalysis of corporate behaviour.
It is hoped to demonstrate a further gplication of the fravenork in

the next depter.
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See "Tecical Notes™" in N.SF. 1986, p.155-60.

Hoever, see Wi and Pontrey (1967, pp-54-55) for an aalysis
of the effect of a taste parareter on consurer preferencss.

Byanding the terms within bradets, d" is the sign of;
d»

b<* 1 N2

In this context "‘functional’’ pertains to behaviour and darac-
teristics of derived final output, not the overall system (such
as the R & D "function™).

In Phillips definition, P. is a discrete varigble taking the
values 1,2 and 3.  Here we assue It IS aotdinuous.

A striking feature of this interpretaion of syreryy is Its
similarity to the sinplistic (@d misleading) definition of
"gestalt’ as "'the whole is greater than the sum of the parts .
Indeed much of Ansoffs amalysis takes place at a high lewvel
of abstraction (s, for eample, tableS_1, p.77), though he
uses the conoept both to describe relatioships In “Wunctional
aress’ (auh as R & D, marketing)at resource level ad at
project leel.

Behaviaural theory might suggest other relations between groath
adR &D. Low gronth might signal distress acoditions ad
stinulate search for new products - R & D as pradblemistic
ssaarch.  Altematively suoosssful growth may gererate slack
resources over ad above that requiired for survival of the coal-
tion, and encourage long run R & D projects ad resource alllo-
cation that woulld not be sanctioned i the survival of the
fimwes threatened.

Honever, from our earlier argunent, this is essatially hot
steady state behaviour with which our model s not designed to
deal/ We assure survival to be_indefinitely marginally

for the corporation, and that neither slack nor distress codi
tios are gylicle.

"Qualified Scientists and Bginears'™.
»e, in particular, Caraor, (19%67) Scherer (19%%5), ad

&EuUU96«0. Jenkes et al (969) cocluce th™ »
inple relationship between size of fim and research inten

leress R & D as dependent variable wes interpreted in terms of
Jiraaxv firenced activity, the above argumant relates to ttal
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See "Tedmical Notes” INN.S.F. 1965, p.132-60.

Honever, see Wu and Pontrey (1967, pp-54-55) for an amalysis

ofﬂ"eeffectofatastepararetermmﬁerprefererms

Bxqpanding the tems within bradets, d3" is the sign of,
d&

a * "

Tn th- ocontext ‘ﬁnc:tlmal pertalrstobdavlmraddarac
not th. overall system (such
as the R &D "function'®).

la Phillips definition, P, is a discrete varigble taking the
values 1,2 ad 3.  Here tieassune It IS aontinuous.

A striking feature of this_interpretaion of syrergy is iis
S|m| Iarlty 1o the smpl istic @d misleading) e
"the wK'e is grater then the sum afthe parts
Meed nuch of Asoff™s aalysis takes place J a high'e
S B5tTS S8R Tetaticrertins I SRR
SSsMsSSTS R &D, marketing)at resource level ad at
project leel.

Mvrvioural thecy might surest

Ss“8l
adR &D. Lowpwtl. mi£st Signaldls
stinulate search for new produ | gawerate slack
sarch. Altematiyeh; suooes T , hai of the coal-
resources over ad aoe that e Sk allo-

it | & survival
O e PR I R e o e SRl OF e
fimwes threatened.

However, framon, earlier argu”~t_~Ath”

steedy state behaviour with uni  indefinitely narginally fessible
dal, « assuesurvival» " A" M« s tress odi-
for the corporation, and trat neiui

tios are gplicble.

"Qualified Scientists ad Bginsars” .

_ - nenr-. C , ad
e, dngpotiar, T O e e B

simple relationship between size of

SIty.
Whereas R_SD as deperndentt v a r i « af
aopany financed activity, the above argnent reiare
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financing of besic research.  This is because the N.S.F.
obesmtprwudesqmramﬁgxesforoorpayﬁmrmdeuc

but includes both federal and compeny ng’\
V\Irmma]ysedw rdstryaﬂsmpcfoorpay(seaNS 1965,
table A9, p.140).

See argument earlier in the chepter for justification of
cross-section analysis.
The U.S. Censs of Marufactures (see Bureau of the Cansus, 1938

<M> ¢ »Sucted on a five yearly besis, indices of
being provided on this besis, the preoedl s providing
theYese for calaulating dage prodm A further

variable utilised in the aalysis of this ~Pter ~ V., dotained
franwolure 111 of the Gensus for 1963, ad in thid « )
mrﬁerrmfordmsurglg&asﬁeyear aross-sectional
aalysis.

Hero loner- and higher-order refers to place of a pticular

ad referred to earlier.

Not sales isrecorded dollar value for goods solld or servioss
MdSSISs retums, allonances, freigit darges end exase
taxes (see gopendix I for full details).

Value added equals value of ‘o Snt.ct
syplies, cotarers, F u e ~ A~ Xt S 2 pogress

Sn?S S » 2 ad"j>tamerdandising activities of masu-
facturing estzblisnments.

The figuros wero abstracted fram the earlier e
reportorTthe 1963 camsus in 1963(@) allso aonpiled by the
Bureau of the CaaLs.

V. wes also not aailaol X te ( V\h'Ch
iS classified alog with aircr rcraftv\as
Il "eplaation of tabu™ data)”™ . &  ted for

1713%% va LEWB gector in ( collars)

(fran Bureau of the CGasus, 1968 (W u

Since R &D as a ctron of sales Olily " Jagest size cate-

zZroinsoecssto B o rages fran >21 (petroleun)
n —
90'3’78‘ WEBTTIR foiii o opect TR &R e
tora\ea&gwlﬁcmteﬁecta’m g ~ U).

a= v- indifferett indstries  doJ P* tvary significantly
ITwj assume value added?” —-

value of shipeis
for eitter valle of 1 I» indstry; * j W
adjust R.= 1o provice estimates of Xy.  Irm

S
v if , was determined by tedw»logical fact«, indepeient



20.

21

22.

- 7.5 -

of the size of fim for a particular— indstry.

For further amalysis of the respective fuctioal foms, see
Jorston (1963) p.47-50.

Dr. Sweson is a US. citizen who previausly worked with NAASS AL
as an ergineer before joining the Industrial Science depart-
mert_at Stirling. . He wes requested to estinate P. - for the
remaining industries for the tine periad of the aalysis .using
Phillips™ definition and estinates for the other indstries as
a guice.

The importance of weges ad sallaries of sciertists e xS
as a proportion of R &D aost wes initially measured in o
wens in the original datamatrix. By definition, the two
messures U. and U™. sum to 100k, the difference being that

we woulld 3 expect 3 a necative relationship between U =ad X. .,
W&M Bil"-

B X S S
used (F available), ad then a sub-industry set of estima
@f aailable).
4 Su
aonparisn with the estinating eqatias, saple @) is
still used.

It is diffiault to assessJ?MIvS"S.SiSr™i1"S™tfSS esr

SLSiSibiw StSTtS”™S s=e

Crtd
earlier
for EBHTIEE Joq I Uil tre
prIlCl mdespreadman X® e the 1990"s, ad the
defence experditure >es folloning
p*esngwtofﬂ”e large scale J.S. space prog

the mamed moon larding*™
e daaor antpsitvy does ot directl
QR WSy G G S epproietoly,

specified as an eviromen allocation proosss; — sine
/\
%}eisntl ablelnrgae Ration |eve| uldrefertolhe

distribution of resources first Of all be omoaned with

be that tL. «V pessihla role
X"SN"ii1d&SSing «sconce allocation.

a inplication of two of the functional foms, the
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linear and recip. transform., is the possible existence of
threshold valles,  Honever we camot identify a single threshold
valte in a multiple regression analysis, since a threshold

value for, sy, size of firmwould depend on the values of

the other varidbles in the regression. _ Soecific thresold
values for R & D with respect to a particular indeperdent varia-

ble must be determined by holding the values of the other varia-
bles aconstant.

A possible reason for the negative sign of Uj is that the science
besaed industriies are nore cgpital intensive In their R & D then
the less pragressive indstries, oeteris paribs.  In this

case capital mterBltycrfR&Dmlght ect the extentt

of the evolution of a scientific bese in a particular industry,
ad be an altermative measure of scientific progressiveness
P

As vell as additiomal rons being provided for the regression
eqﬂtldsbyﬂ”eedraestlmtesofP provided by Dr.
the o estimated for lutber3were deleted since

f‘ /dol lag. ad Iog. recip. trasfomations would
hae inohed td(lr%eo%rlmm of zx0. _ " ; the
adversely affected the regression angysis, N e the

ad E.l] ead E B variables ver all relatnely low ior

r d

lurber in both size categories, consistent with the expectat-
ias of the hypotheses.

&nllhre n%mgerial preference systen for resource .

The equations using G. adE"- (8.2, 84, 86 ad 8.8) hed®

sg;ttgn @@@{rtv fSnlficSt-2-the& Al‘gISl

of cofidence In each’ eqation.

Phillips (19%) coducts an anagsis’which

anparable to the amalysis o an » on size
perditure as a percentage midnles
frrsS~cfo~aSorfiAl

@ ‘S S «.«tries in -ﬂ__

be _ ;0eiScS™of 8l
oon(éentratamrat?gmdaoonmalj. coelseso

Comenor faund, in i 1857 PMITSISHURE RIS ety

barriers ’are . assciate relationship of this
afteralledsforofter 2~ <JNSSion)

altermative measure N sare ion
ISST TSLZAL'SS?* ™

techrological progressiveress.
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This does not of course nean that discretionary behaviour may be
necessarily uninportant in corporate decisioHmeking.  Multi-
ool linearity with other independent varisbles may dosaure the
effect of concentration on research activity, or it nay be that
oconcentration is an inferior praxy for mongpoly poner.



CHAPTER 8
RivalryT Leaming and Variation in Imovative activity

In the last dapter we loded at inter—industry differences in
R &D activity in the context of the gpen systars frarenork.  In
oter to do 0, certain restrictive assunptians were placed on
the analysis, ad possible effects of intra=firm O variables
tte analysis were igored.  In this depter wve exanine save agoects
of variati» in imovative activityl within indstries, «him
the gpen systens framenork gopears to have facilitated intetpre-
tation ad analysis of R S D activity at indstry level in depter
7, the assunti» of "representative fimi* does igore the fact
that industries typically Incorporate a rich variety of types
coporation operating with a wide rugs of values of the O
variables. \hile the represertative firm argieent is useful as
, first analysis and for elanation of certain gross features
of Iindstry behaviiaur, we are also interested in the possibility
tet th, gpen system Ft»»«™* may he relevant for studying®
intermai aspects of industry behaviour in this area.  In doing
w0, itwill be useful to beat in mind the central assunti«
of dhepter 6, that managsrant seek to establish pattem in their
peroeption of corporate-industry relations.  The way that this
resource preference system is built wp is through Teetbede Ft«
eqerience of pest allocatios.  The steady state allocatios «e
leamit through this iterative prx”s of resource allocation.

In this dgpter it is supested that this interpretation
provides a raorcili . ticn of goparently conflicting evidenoe
aontained in three enpi.ri.(ai g@ﬁillgss B// Grabonski @063 ), Grabonekd
md Baxt» (19731 « .

Ar-nt «* W - -
retridke (19/6) is also disaussed, ad its relatioship to the



earlier studies assessed, Firstly, however, it will be helpful

to consider the analytical context in which these approaches
were developed, that of rivalry in R & D work.
Rivalry and the Imitative Hypothesis
Economic analysis of innovative decision making in the
firm have traditionally emphasised the significance of monopolistic

and oligopolistic market structures in this area, with associated

implications for model building. Kamien and Schwartz C1975) confirm

the central importance of oligopolistic rivalry in studies of
technological competitioni

"Efforts have proceeded along two routes to bridge the gap
b e t«« traditional ruoorecommc modal, of coaprtiticn and Schumpeter-
,del.2 Both lines of work have focussed on the role of R1D
rivalry in determining the pace of inventive activity and have

utilised findings of previous e p ic al studies to guide assumptions

and check conclusions. In the first group ... R« °rivalry is

supposedly coined arms existing -* rs of» ***** Vic*
each other within a Cwmot olig”oly frameworR. Inthe seoo”i set

........ the enphasis is on potential rivalry fix. any quarter, as
* - -
| by Sd | ,and{ée(r]uw&e(termmofﬂ”emjelalgrg,\
lines analogous to recent é{\d\/,%%%g M tlhwe theory of limit pricing
p.27-28.

The emphasis on ﬁrlmg%tllé)rr]\ I8 gxplained by Grabcwski C1968)
in disoussion of National Scran« Foundation interview studies
(\.S.F. 1956)i "one strong trend of thought rrrming through these
studies is that firm decisions on R 6 B are strongly inflated ty
the behaviour of cogpstitors, ad, in PMoular, that a great deal

of imitation exists arms fir« »ith respect to R = B allocatrons.

Since most R > B is performed ty fi™ operating « olrgtpolretrc



- 83-

market structures and It is an activity presunebly involiving greater
uncertainty than other udertakings, fims may imitate each other
&5 a coservative strategy for minimizing risds”’, ([@-26-97).

Consequently the amirical studies of imovative activity
disoussed in this dgpter (Grabonski(1968), Grabonski and Baxter
973) ad Scherer (195)) developed their analyses in the context
of techrolagical conpetition regarded as a feature of oligopolistic
market structures. In these studies consideration is given o the
possibility that variation in such activity within industries may be
eplaind by variation in the propasity to “ratdh”™ or imitate
ampetitors allocations  in inovative activity, particularly when
meesured as a percatage of sales. 1t is this last aspect which
111 concem us in this paper and conseguently it is gopropriate at
this point to disass in sare detail the hypothesiised role played by
oligopolistic copetition in each of these studies.

Firstly, Sderer (19%5) regressed patent output on sales
for fourteen two and three digit U.S. merufacturing industries using
fims fitan the "Forture 5004 list for 1956 (patents vere lagoed
by four years to allow for the stadard time necessary to house a
paterit gplicatian). The results are shenn in table 8.1. Sderer
foud a relatioship between the Industry regression coefficient ad
tte R2 for the indstry equatios in that the slopes of the regression
equatias were positively correlated with the R2 for these eguattios
with a rank correlation coefficient of ®. According to Scherer;

~The higher an indstry™s average patent output per sales
dollar is, the less variable paternting teds o be relative
size. interpretation of this reault is that in tednically
progressive fields like electrical equipmet and gereral dhemicals,
tedholagical aompetition forces fims 1o match each others inventi

tffW,. But in»passive fUlI* 1i1* t ¥ OJdCES’
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peper ad fertilizers, sogp ad cosetiics, invetion is anly a
business gotion” (p-1100 (footrote).-

Secordlly Grabonski and Baxter (1973) also foud a similar
relationship between the mean employment of R & D professiosl
eployess per million dollar sales ad the coefficient of
variation (reesured by, standard deviation 7 meen) for
threedigit U.S. menufacturing industries for 19565 (s teble 82).
Holding the level of industry conoentration constant, the partial
Kendall rank correlation coefficient between mean industry research
intersity and the coefficient of variation in research intersity,
wes -.3b (Significant at the BV axficdence lewel). Grabonski ad
Baxter interpret this as signifying:

"As the decision meking enviroment shifts to ae inwhich
R J D taoo-s «ore imuortatt as a «patitiva wegom, the passes
merd incentives for fires 1o react strogly to oetitors™ actios
correspodingly increese. Han “tte s-aller dosernved coefficiant
of variation in tha «ore research inteasive inddstries (p.235).

thns as indnstry resasech intersity inoeas, variability in
* , D enploymant tends to decree. As with Sderer”s findings,
finis gppear 1o react o increased «petition in techological
dere %ymm-ng %AEF% g(nolmsolutim. Agpin, a tendency tonards
cnpetitive matchivg or Mkttt BBV in tecmologically
progressive indstries gpears be suggested by these results,

Thirdly, Grebonski ra@} % ggrrlrQer fourd that his nultiple
regression aralysis prwi'cbd , gm eplanation of variation in research
eqenditures measured as a percatage of sales for the more research

intersive cherical end dregs inddstity in a pooled cross-sectravt*.
series stud, of screen dreical Fi»s, Ti *« petroled, fires »d
ten drug fires for the period 1339-32, dr,™ fro. the Fortve 30



TABLE 8.1

Linear Repressians of Patenting on Sales. By Industry

INDUSTRY

I Food and tobacoo products

Textiles and apparel

I Pgper and allied products

Gereral chemicals3
Mise, demnicals®
Petroleun

Rubber products
Store,clay ad glass

Primary metals

Febricated metal products

and miscellaneous

Mechirnery

Electrical equiprent ad

cormunications

Transportation equiprent

exoept aircraft
Aircraft ad parts

All industries corbined

aT . ore

C
eos category.

REGRESSION TOTAL
INTERCEPT CCHFICIENT N F\’2 PATENTS
- 4 + 186 ©H2RR 36
28 “® zo0 ™
(A0

45 + 711 220 IO
©6.19

8.1 +ﬁ_48 4 73 31%
¢=150))

+1933 o 2
13.0 @)

hs + 8.10 30 .8 2,1H
0.5

73 + R 8. B IB
Q.

- 124 +20.2 9 0 A
.1

E + 321 D& 45
@50

g9 +S1.s AR I6
(16.%)

61 + VO B HA %7
) @)

foe) +311.06 B D 506
@7.6aD)
©-D

6.8 + 0.3 3 3 70
) )

=+ 73_& 4‘8 .42 161@
.7 “@.®

*

281 282, and 283 (inorgenic, organic and dngs).

>F£ 2 » . nc

sic®



TABLE 82

T industrv Differences for the Eight Largest Fims in the
Ratio of 'R arri D Professional Erployees to Total Sales*

INDUSTRY

mtrial cdemicals
Fertilizers

Paints & vamishes
Metalvwork mechinery

Electric gpliances
Perfures & cosmetics”™

Gypsum,ashestos, & misc.

stone
Motor ehicles
Vetal cas
Petroleum refining
Flat glass & contairers
Gn. Indstry mechirery
Coating, raving &
mi&@nemegmrg
Distilled liquors
Caming and preservirng
Sugar
Cotton goods
Construction & farm
i
Grain mill products
Pulp,peper & products
Cigarettes
Srelting - ayper, led
ad zinc
Steel

Dairy prodcts
Bakery products

Nurber Mean Employess
of Per Million
Fims IDollars of Sales)

. Me» ad Coefficiatts of Variais

S

** Qonoentration ratics are

fromBatioalOReearch Coucil,
United States, Tenth Edition, 19%6.

Coefficient Cooen-

of

tretion

Variation Ratio™

0.5

0.3

0.0

0.25

0.47

0.27

0.50

0.5
o 43.4
0% o @l
0.51 04 8.0
0.2 05 B0
0.45 0.8 B9
0.2 0.41 .7
0.51 %2
0.3 0% &0
0.27 00 23
0.27 046 &0
0.27 i

0.53

on 0.7

0.5 0.7

0.23 0.8

0.19 0.44
0.63 .2
TR R
0.13 048 %1
0.10 0.73 36
0.00 oo DS

Sles
s SEB J. Sdgler, Copital ad
°r 1 o tes (Princeton, Natioral

bureau of Econamic Research, 1963), p-»
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listing for 1990 (s teble 8.3). \Variation in research activity wes
analysd for each industry, with messures of current profitability,
productivity of scientists, and diversification as indeperdant
varicbles

Honever Grabonski™s model diid not provide a good explaration
of variation in research ad develgament eqanditures in the petro-
leu. indstry. Grabowdd plains this partly by structure fa«ors
in the petroleum indstry, swdt as the orientation tonards process
rather than product R & D» and the lew degree of diversification in
the petroleum irdsstry.  Ongetition still plays a role h«ever;

"[Urtterroro where R 1 D is a aompetitive strategy of lesser
inportance, as in petroleum refining, allocatios to it ted to be
tore wilrerable to fluctuatios in otter uses of scarce fuds”, <P-»9>

Hero again onpetitiveness is called in t explain variability
in inentive activity, mere gopears tobe a consgss INtt* « N
studies with respect to variability in ihwativ. acowrty: compe
tiveness in R i D leads to predictable and stable allocations.

Ihe strong veroion of the campetitive hypothesis (Sdherer (195),
Grabonski and Baxter (1973, sugoests that oligopolistic  rivalry m
tedrological conpetition forces matching behaviaur, while the weaker
version (Grabonski (1930, ) suggests that in less progressinve indus-
tries R g D is a peripheral activity *ioh is not a stable feature
of corporate strategy.

However Grobowski's results directly contradict tte inference
droan from the findings of tte otter two stdies.  Grobongar™s
aralysis differs fron 6 Jifer B In et Tt attemts © eplain
differences in imovative activity innative indstries, weress
the corpetitive matching hypothesis purports o explain SF1JSSSTI
in imovative activity in particular indstires.  IF etching behaviour
vere adopted by TN within Gr*banski-s industries, then research
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intasity of each fimwould gravitate to a uniform indstry valle.
In the limit (perfect matching) R2 would be zevo for all equatias, with
no independent variables affecting the leel of research inten-
Sity. 2
Grabonski™s amalysis does not sugoort this inference since R
is high for both denical ad drugs indstries, with each indeperdent
variable significantat the 0L leel. Yet the inoconsistecy with
the conclusias of the other two studies is even stroger then is
sugoested by these relatioships;  exaniration of Graboaski™s
eguatios (tble 8.3) rewals the paradaxical situation that tre
influence of the Independant variables actually gopears 1o . iIncreese
& the tedrological progressiveress of the imlstry inoreesss.
In Grabowski's oM words;
<tte si» of the regression coefficient associated with each

of these variables Increases «i™* »lertation of the

iustry involved - being the l«est in tre jetrola» ied«” ad
the highest in the dreg idstry ineery cese. 1 »  &s research
loars more igjortant as a aompetitive strategy 1o the flels of an
indstry, each of aur irdepenient variebles eterts a correspodingly
greater effect or the level of research that a fire perfores”’, (p.28,
The ad Fyvalues for each equation increese in the sare
direction, fiee, petieles» to deadrels to <~ _, N
. a te in ios  Increesss
portion of variance explaired by regressin eq At
= the horee %ﬁ—%qgrfg;lelrdstrylra'eases, again contrary
© the - OFH:E%UUE matching hypothesis. A further
) .- rut if the t values of tre
feature of the regression amalysis is dh
variables are eaning. g’éw*&'\g(' coes rot | ce » ot
H coefficiets ad the estimates of
they may be calaulated from th

stadard ernrors in teble a3,  Tidy are amarised in table M

belov, the figures in bradets indicating the rark order y

isir=?
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Table 8.3

Estimation of Repression Eopation
Ri.t/Si.t abo * bIPl *b2°1 * bXIi~-1/Si,t)
tor uie viilBLIvES — - ————— - - —————
Period 199-62

N
SR . oy 1 B2 s R F

_ o.2c o00l9- 00 6B 2.8 &
Chamicals (%-%) (O. (E) (O.GD) (O.CZB)

0.5~ 0.91* 0% B RB.T71 D
Drugs _8813; o) ©m O0®

0016+ 0000 000 D 5% F
Petroleum (%-%) ©.0B) ©.cr) O

* Significatt at .0l leel
TOE: - Nurters bsi™ variables

~present results nore aonveniently.

R. t is leel of R & D epaditures, i th fim, t th periad
S.” is leel of sales, 1 th fim, t th periad

1." is aun of after tax profits pi» dgoreciation ™d d~Mtim
1,t  eqansss.
P. is”N of patents
1 alloyed w i th tin» ft» 1955-«.
D. s index of diversification O U | Yot Yook
1 separate 5 digit S.1.C. product arass
it producss).
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TABLE 8.U

tvalues
Inlstry
Chemical 5@ 6 @ 4@ 3@ @
Drugs 3 @O 450 56 @ 50 @ 2y
Petrol 1 @ 8@ 20 38O *

tot valle, to eachb coefficient. It ia clear fto tabu 8.«

tot to order of the indivirtol t values in eereral also parallels
to orter of research orientatto of the irdstty, with a silgle
revereal, chemicals Iwing a lusher t value ton dnug, to to b,
cefficient .  Thus as well as the overall goodless of fit of to
particular regression equation htocving -  research > * K
pyortent renpetitive stretegy in the respective intatries, to
\alte of the \eriance 0; FIQ-I&DD $ﬂimre eplained by  individal
irchm*ob*rtvariablegto%e residual ernror also increases in the
sare direction.

It to he goropriate at this jucture to «-arise the
aspects discussed above - «e n

to infereree drawn by both Scherer (19%) an. <*atos*1 - B » «

(9,3) from to reUtionship hetween sire corrected htovatrve

S
) o - N decressad variability rel
is that conpetitive matching re

.= = div. activity in respective industries,
activity and variability in Mty In net '
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ative to size.  On the other hard, the Grebonski (1988) analysis
sgrsts that not only do indeperdent variables influence corporate
allocatias within industries, but also that the megniituce ad stat-
istical significance of the effect of each variable tas to incresse
as the research orientation of the indstry increeses, aotrary to
the expectations of the aopetitive matching hypothesis.

Yet there is an interesting  1irk between all three studies.
In each case explaired variability in imovative activity tas t©
incresse with the tedrological nrogressiveress of each inlstty.
This is despite the fact that in the Scherer ad Grabonski and
Baxter studies, explained variability in imovative activity dep-
ats on finms gravitating tovards a carmen industry solution in
tems of intersity of imovative activity, while in the Graboski
analysis, explained variability in inowative activity depands on the
ability of the regression equatios to elain differences between
fims allocations in each imdstry.  Grebonski™s amalysis blatantly
antradicts the ideas of aopetitive matching in tedrologically
progressive industriies despite the gooarantt support for it from the
other two studies.  There is therefore a auriass similarity in tems
of tre relationship between explained variability of coporate ino-
vative activity and tedrological progressiveress in all three studies,
despite the fact that in Grabonski ™s aalysis the result is dep-
encent on non-imitattive behaviour, whille in the other two
it is eplained in tenrs of imitatdve netching of corporate Im<
vative activity.

Grabonski does sugpest that,

mtoe suotle a* co*1* ok x

in amore disoog fe then the data pemit here’. (1939)

©-29)
Honever he does not elaborate on the inplications of this statement
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and in fact its practical relevance mst be extrenely limited.
Quite sinply, aampetitive matching can anly account for similarities
in coporate behaviour, whille nore ponerful theoriies (such as neo-
classical theory in the broadest sase) attenpt to account for
both similarities ad differed. Imitative hypotheses aloe
camot account for the good fit of Grabonski™s equations in the
rore tedrolagically progressive inilstries.

In the next section a reconciliation of the goparently

Ucting evidence «U1 be sagged using «

tteis based on the ««lysis of earlUr egpters.

Allocation C gotation in the Systenrs Agproedi

In chepter 5 the equatiion used to describe the relatioship
tetoeen a subsystem®s share of overall cerate resourcss ad
other variebles ves;

=12 L..@F 11 ....In
where the O variables were 1irtra-fim characteristics ad the

variebles «  enviro~tal - - nhe’cteristrcs.

the s»e dypter, ihfomational feedb™ as the «

) ) ) famyd svstem on which the allocation
anisnwhich built wp the pre

A existence of patten ad regullarity
cecision is besed.  Assuming
fim and eviromett, the preferance systan
H 1 M
in relations betvween fit" rental i ion and | I ;
develgoed through fim-enviromental

feadback fram pest allocatios.
In chgpter 6, the ciramstarces in >hich a stab e pre

srca systam for resort ocald be tilt UP -are ~
- providing mereceinat
ompared \dth actual budgetihg ronventras.

- = _ fif jt1 D resource allocation, ad also that
hed extensive eqeriance
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aoporentt projects did not dominate the R & D programs, there would
be opportunity for the builld up of a stable recurce preference systam
asauming that there wes regularity in fim-eviromant relatios.

As expected, stebility in resource budbeting tended to be associated
with those aress in which these aodirtions hed an goportunity
iperate.

Chapter 6 was merely concermed with attaiment of a stable
resaurce preference systam; it wes not inteced 1o disass prdo-
lats of »gpropriateness» or "gotness'” of the particular preference
systemand derived allocations.  Yet  inferences as to such ao+
siderations are suggested by the rature of the feedbedk fecilitating
build up of resource preferences, ad it is this agpect of the systars
mocel which is developed below in attenpting to account for the
differences in findings of the three studies.

We would not expect the menegement of all fims to be eqally
»pert et identifying the appropriate steedy state of allocatians for
their omn firms, any more than we wailld eqpect the maregament of ali
fin* to have an opportunity to »pres, their preferance system
in resource tenrs,  Instead exqertise and abillity to estinate the
eqropriate steady state vallues *  * » » «U* *»7” 18« ““e*
gt on the accumullated knovledge of alllocatios in this area
prooessed by the relevant corporate maregement = since the feadoack

nwv~. orwides , o~-~";T SSES °f~ CTaW
@0,in ffectiveress «

deoisiosjo
d~nd on the e rel ~
cecision aress.  Effectiveress -  he interpreted as inersly
related 1o the relative TTENG o T SfTOr CaTpanent in decisicn

neking.
this is a modest hypothesis which is cosistent with dsened

behaviour inmaily aress involving leaming.  To contre «rale-
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of the billiaixis player disoussed in the section on feedoadk in
dgoter 5, we woulld eqoect performance to inprove with practice, if
we measure performance in terms of degree of ernvor associated with
dots of conpareble difficulty.  Similarly, as far as organisational
performence is concermed, Starbuck (195) states;

"young organisations have little experience in distinguishing
inportant problens from unimportant aes”®, (.6

"Young fims eqerimatt and misallocate nore then old fims.
This produces a variance aamponent whiich decreases as the fim grons
older ', (p-119).

Practice in the case of the billiards player, ad age in the
caee of organisations, may therefore be regarded as proxies for
acounulated eqerience. e dall re-exanire the firdings of each
of the three studies in the light of this intErpretation of the
resource feedbadk process.

leaming in Corporate Allocation
Itism » . . thatvwa l«* at the first-
siree it provides the direct 'OT *~ttie
interpretation of coporate bdhaviaur. Is there a sheple explana-
tion of the tefoonsid findings suggest™ by the disoussion of the
previos sectio?  In partiaular, canwe elainwhy both the

statistical sigifi gFH;S re&rﬁlm equation as a\dole, ad
of e effect of individal variehis, TP 0 Inoresse vt the
research orientation of the respective Indstries?
. } } = eaurit research orientation in Grabonski s
This may be achieved ifve intarp

. The more techrologically progressinve
analysis as praxy for eqeriece. cgically
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adR &D intersive the finms in a particular industry, the greater
treir eqerience of R &D  allocations and knovledge of potential
utlity. Thus the error component. in corporate allocatios is a
function both of time and level of activity in the appropriate

area , since acanullated exerience is interpretable as a direct
function of both latter variables.

Therefore, as the gereral level of experience of fims incresses
with the technological progressiveness of the industry in which they
geerate, we would exqpect a correspoding inprovementt in the good-
ress of fit of industry regression eguations as well as a gereral
terdengy for the ratio of the variance of R & D expenditure explained
by individial independent variables to the residial error (t\alues)
o incresse in the sare direction.  This is cosistent with a
proosss of adgptive leaming oocourring as exerience of R & D allo-
catias aconulates;  the gopropriate steady state with respect to a
particular O variable will become nore distinct to corporate manege-
rent as eoerience increesss, oeteris paribus, ad will therefore terd
to be clearer to fims gperating in the more tedolagically prog-
ressive indstries.  Therefore, the gereral behaviour of t vallues
ad R2 in Grabonski™s amalysis is aosistent with a process of
acgptive leamiing through negattive feedback.

It would be useful if other studies of determinents of R &D
by indstry were available.  In fact there is a dearth of such
anahlysis, ad as far as is ko, only Scherer in his 1965 arti
(rardy disoussed earlier), and Hone & Mdretridge (1976) 5 provide
analysss aomparable o that undertaken here by Grabonski.  Scherer
diviced the firms in his saple (see table 8.1) into four groys
acoording to size of regression cocefficiatt in table 8.1, this beirg
interpreted as a measure of "tedrological ogportunity’.  The grogps
vere, in order of degree of inputed tedrological goportunity;



electrical, chemiical, "ocerates” and "Uprogressives®,  1Te \ariable
nmessuring imovative activity, P.  (patenting autput) wes estimated

& a fuction of S. (=ales) with sguared and abic Si tems included
in the eguattion (@ taking values 1 to 4 for each of the groys).  The
inferned relatioship wes therfore a non-linear ae, ad the R for
ech Indsstry gropingwes A, 74, .77 ad .5 respectinely in
orter of inputed tedolagical gyportunity.  Thus, as wirth the
Graboneki amallysis, the rough trend in this case is for goodness of
fit of the indstry eqations to increasse with the tedhrological
progressiveress of the indistry.  The middle o industry group-

iIngs reerse this tred, but 1t should be noted their R2 values are
quite close to ae aother.  Since the regression  eguations are
noHlinear, the sinple acompetitive matchiing hypothesis is not ade-
qate, in this part of Sdherer's analysis, to elain the apparent
relatioship between R2 values and *“tedrological opportunity

measured by "tte regression coefficiants.

Hone S MeFetridge (19/6) conducted an econonetriic investi-
cation of determinents of leels of R & D ependiture in 8L Canediian
fims in electrical, demical ad mechinery industries using pooled
amual aoss-section data over the period 1967-71.  Independerntt
variables were sales (again three variables were created with the
addition of sguared and abic foms) after-tax profit, depreciation,
goermett incentive grants, all messured for the 1 th fim iny
of saplirg.  The Herfindshl index of the particular industry wes
also usad as independent variable.

One difficulty in acomparing the Hone « Mdretriidge analysis with
thet of Grebonski  is that the same industry may dirffer between
outtries (in this case, U.S. ad Canadd) as far as techrolagical
progressiveess of the indstry is conceimed.  Honever a recen
O.E.C.D. publication (197)) provides data from 12 merber countries
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vhich indicates that although an industrial branch™s share of R & D
eqenditure performed in a particular country may vary widely from
oountry to couttry, an industry™s ranking according to this measure
ta1s 1o be similar in differeit coutries (s table p.12).  In
particular the report comants o,

"the predominance of the electrically and demnically besed
inbstries in all the advencedMenber countries; these two industries
are alvays amongst the first three in national totals, with the
exxeption of chemically besed industries in Swedent”, (p-121).

As far as Canada is concermed in 1963 these industry graupings hed
the highest share of R & D experditure in the country with 4.6 ad
16.1% respectively. Bven though mechiinery is aggregated with

nmetal products, It only costituted 6.3% of the country™s R &D.
Given this intemational pattem of distribution of R & D activity,
it ssars that electrical and demical industries are usually amongst
the most tedological ly progressive measured in tems of gereral
leel of sectoral R &D activity. Canada is typical in this
respect.

The Hone a MdFetrridge regressiion equattions had recorded R
values of .78 (electrical), -8 (demical) ad 27 (rechirery).-

Thus there is a distinct difference in the goodness of it between
the o tedolagically progressive industries  (electrical ad
denical),and the mechinery indstry.  As in the Grabanski analysiss,
the two tedrologically progressive industries hae R value
statially higher then the third indstry.

Therefore, taking the evidence of the Grabonski, Scherer ad
Hoe ad MdFetridoe studies together, it woulld seem that there is a
gereral tendency for goodness of fit to inprove with technolagical
progressiveness, ad by inference, the goportunities for leaming
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faoed by the typical fim in respective industries.  Before we go
on o lodk at the other two studies merttioned earlier in the light
of this interpretation, 1t may be useful to examine ad conpare the
interpretation of the source of the error tem in the adgptive
interpretation particularly from Grabonski®™s point of view.
Grabonski empresises that the poor fit of the petroleun regression
equation may be attributed to "'structural factors', such as the
procsss orientation of the indsstry, Its degree of vertical inte-
gration and limited diversification, and the wilnerability of R &D
to fluctuations in other uses of scarce fuds. The hiigh degree of
ueplaired variance in this eguation is therefore attributed to
seecification error in the eguation;  Grabonski™s eplamation is
that the equation is ingooropriately specified in terms of the
structural dharacteristics of the industry itself.

In the altermative explaration presented here, enror is
primarily due to decision meking error by the corporate maregement
thersehves® It is inplicitly assured that the model builder hes
provided a good specification of the behaviaural fectors influencing
corporate allocations to R &D in this indstry, and that residual
error is a conseguence of corporate ineperience and Igorance in
estimating the appropriate steady state allocations. This
inportant. inplications for model building since it suggests that
there is an unawoidable stodestic elarent in the regression equations
vhich diminishes swith the technological progressiveness of the
imlstry.  In this eqplanation, it is not the skill of the mocel
buillder, but the skill of corporate management which acocounts for
differaess in the goodness of fit of the regression eguatians.

Honever, whille the adgptive leaming interpretation
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aorsistent with Grabonski"s amalysis, It is not ¢mediately dovious
how it may be reconcilled with the findings of the other two studies.
In the adaptive leaming explanation we have in mind a functioal rel-
ationship of the type described earlier i.e.

vi=f2(l,,,,an” Ir*,,Im)*

Yet the conpetitive matching hypothesis sugests that differ-
ences in the O variables do not result in differences in allocations
1o imowvative activity within a particular indstry.  The tendency
for variability in imovative activity to diminish relative t
size of firmand leel of imovative activity in the Scherer ad
Grabonski & Baxter studies respectively, appears nore doviously
ansistent with campetitive matching then with adgptive leaming
in situations where 0 variables are thought to be inportant.

A possible reconciliation may be achieved by cosidering
possible differences in the relative strength of effect of the O
ad larisbles.  If, for the range over which the respective
0 ad I variables gperate, variation in I variables have a sb-
stantially greater effect on allocations to imovative activity con-
pared to the O varigble, then intra-industry variation in imovative
activity will be nuch less than inter-indstry variation. In such
ciranstanass fims may appear o gravitate tovards a aonmn s
tion, not through direct imitation, but because intermal and extermal
determinents of steady state solutions for firms vithin an industry
lead 1o similar steady state solutions.

Fram our previous argument there are two intra- industry
sources of variability in innovative activity; \ariability
0 variation, and randan error due to inprecise knovlede
gopropriate steedy state value on the part of corporation maneg
rent. Ve would expect the Tatter SRES GF SR T beaore relatively
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less inportant the more tedrologically progressive ad research
orientated the indstry* We woulld also exqpect that as far as total
eplaired variability in innovative activity is concermed, variability
egplaireble in tems of | variables will tend to snanp the effect
of the O variables. These two effects together would be consiistantt
with an gpparent gravitation to a comon industry solution as tedt
rological progressiveness of respective industriies increese.
Honever, such movement is illusory (as the Grabonski findings
agest) ad is intermpretable as quesi-imitative behaviaur.

It is likely in the case of both the Scherer and Grabonski
ad Baxter studies that the actual range of variation in the O
variable iIn respective industries is not reflected in the saoples
themelvesbecause of restrictions in both cases on the fims
sapled. In the former, the saple was selected fran the 50
largest corporations for 1955, whille in the latter, the sanple ves
restricted to the eight largest fims in each indstry.  Therefore
the saplles in both cases cansisted of the top  few corporatians in
each idstry.  The O variable representing size willl therefo
geerate over a restricted band in each indstry, ad it is proo-
able that other potentially relevatt O variables such as degree of
diversification,patent productivity, etc. will also operate over
a limited range because of these saples restrictions.  To th
extat that 0 variables operate over a narron band for each industry
in the respective sanples, their ability to create variability
inovative activity within a given industry is limited,
lagically progressive industries with ample goportuniti
leamiing and adgptation to the gopropriate steady state le e
mey be reflected in quesi-imitative behaviour.

An example of such quesi-imitative behaviour s shenn in
figre 8.1 Various messures could be used as a measure of Imovative
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R&D Employment

Sales

X firms in industry B

FIGURE 8.1
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- i} i} R &D employmait = ~ggn. industyA is
activity) in this case

research orientated than industry B with a mean level of

sales corrected enjoyment of R » 0 persomel of E' conpared to E
intatetry B. It is assured that a lire» formation with inter-
oot zero woulld provide the best specification of the relationship
betveen level of imovative activity and size (toured iIn terws

of sales) in each indstry, ani that the only

the intersity of inmovative activity is siz.

varidble affecting

In figure B.1, the effect of the O variable (size) is
partially hhibited by the restricted size rage over which the
s™les are taken.  The size of fir» In both industries varies

between On, and On, and the least squares regression lines are o

for indstry A, ad Og for iniustzy B. A daracteristic of figure

8.1 is that thile the corporate allocations in the research »tensive
indstry are greyoed sore closely aroud the reactive lines based
., the assured lirear specification of the indstry relationship,
rhey also cluster rme closely aroud tremeanE of » try
sine there is a reduction in error dee to the leaming effect.  Thus,
* o .
ni ; ; Foatich nf the relationship between size ad
eresearch intensiity woulld report a higher R2 and t value in indstry
A aonpared to B (@s does Grebc ki ™s amalysis), «hile a crude con-
perison of variability in rescarch intersity relative to mean
research intensity would tend 1o provide evidence of gravitation to-
. st and GraboasRi &
wards a common industry sollution (
C Kaxzxirtir can be demonstrated
Baxter™s amlyses).  Both types of
- - N a consequence of i-imitative
in this eamle, but in fact this 4es
adgptive leaning and substantial suppression of the effect of
variability in the O variables.
ires, in oeses where variability in imovative activity treat

by 0 variables is relatively uninportant coparad to variability



- 823-

abated by 1 variables, fims may gppear to gravitate to a comon
indstry solution even if the leaming prooess iIn each case goerates
relatively indepercenitly.  Note that it is not necessary for
varigbility in O variables to be low for these aonditios to hold;
corporate allocations o imovative activity may be relatively
inssitive 1o variation in the 0 variable conpared to | variables,
even in the face of high variability of O variables. However, using
saples of fims selected by size from particular industries is
licble to reduce the potential effect of variation in O variables
on coporate allocations to imovative activity within a particular
instry.

Therefore the adgptive leaming hypothesis offers a tenta-
tive eplaation of the quesi-imitative behaviour identified in the
Sdherer ad Grebonski » Baxter  studies as well as the behaviour of
the regression equations in the other, goparently conflicting stu
This interpretation gopears to offer a good gereral explanation of
the daracteristics of variability in imovative activity both

aoross ad within indstry.

Conclusions

The above analysis suggests that rivalry and imititati
Saviour is reither necessary nor sufficient to provide an ade-
juate eplaration of variation in  inovative behaviaur between
fims. Instead an adgptive leaming hypothesis is tetatively
supested as an alterrative interpretation in this area;  provisioally,
ad with qalificatios, It gopears to provide a reesoreble explat-
ation of variation in imovative behaviour.  Ibis does not rean that
the conogpt of rivalry or imitation is redundant in amalysis of
Jmitive hhaviari it in anelysing the process
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of adjustment to the steedy state especially at a irae disaggre-
cated level than is achieved here. The maiin contention in this
aelysis is sinply that it is not necessary to invoke the conoept of
aopetitive matching in order to  arrive at a sinple eplaration of
variaton In imovative activity.  More inportantly, sinple com-
petitive matching is not sufficient to acoount for intra-industry
variability in imovative activity excgpt as an errvor aamponent,
wheress it gppears adaptive leaming may be adequate in this respect.
A crucial difference beteen the corpetitive matching ad
akptive leaming hypotheses lies in the interpretation of uncer-
tainly. The rivalry studies and mocels ted to epresise the
high degree of uncertainty uder which R & D decisians are mece
(even 1T subsequently they adopt a deterministic mocel).  Decision
meking in techrologically progressive industries is cosequently
a highly uncertain cocupattion.  The adgptive leamiing hypothesis on
the other hand suggests the very goposite - as far as the R &D
buet itself is concemed. In tedhologically progressive
indstries goportunities for leaming results in a loner degree
of uncertainty as to what the gppropriate steedy state level should
ke. The ability to estimate the gooropriate level of R &D incresse
wirth practice and eqerience.
This suggests that the prooess of adgptation might be best
dosened over tine, rather then by inference fran cross—sectioal
or mixed cross-sectional time-series studies such as those dowe.
This is indeed a possibility for future amalysis, but there are two
aoernts worth enphesising in this respect. Firstly, as far as the
aguett is this dapter is concermed, we were concermed with finding
a sinple explanation of goparently coflicting evidence, not with
the medenics or proocess of adgptation itelf, ad for t°
adgptive leamiing hypothesis sufficed.  Secodly, inatine s



8.5

analysis based on a periaod of time long enough to religbly dosene
the process of adgptation, it may be that the relationship between
independent variables and requisite steedy state allocatios may

rnot remain costat:  susstantial enviromental dianges may shirft the
gooropriate specification of the equatios and the values of
regression coefficiants, and consequently different steedy state
allocatios may be appropriate at different points in the adjust-
ment proosss. Therefore identifying adgptation through leaming
ower time may be more camplex a problem then at first sight.

Honever, it may be the case that the nature of adgptation in
a particular industry inplies a reactive rivalry model.  Bwviron-
mental dhanges my be exogenous as far as a particular indstry is
oonoermed e.g- danges in corporate tax my  have an across-the-board
effect on expected utility of specific allocations, but my also
be exdogeous  for a partiacular indstry - daging mrket ad
techological darecteristics are ligble to be a cosequence of
corporate developrent and adjustment, with corporate action ad
reection helping create the future enviroment for the growp of
fims in a particular iMstry.  In such ciraurstances a reective
learming nodel my indeed be useful for analysing the dynemic process
of adjustmerit.  Further sogpe for reactive models my exist for
the special casss inwhich both 0 and 1 variables are similar for
a subset of fims within an industry - in this set of ciraum-
Stances, fims my take acdvantage of AV gF “Vicarias” leamirg
by imitating the allocatios of the most successful finms.

As far as its relatioship to the rest of the thesis is
concemed, this dapter my be regarded as a develogament of dapter 6
with iIts enpresis on percegption and “gestalt at high le e
dstraction in the large modem corporation.  Separability
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budoet and project decision-making also plays a cattral role in
the argument of both pieces of aalysis.

With respect to the previous dgpters” aalysis, the argument
developad here may appear to conflict with the "'representative fami’
assunptiion of dhapter 7, sine 0 variables are shenn to have a
significat effect on corporate allocatios in research intansive
indstries. Howewver, in another sense It may be regarded as supportirg,
the represartative Fim assunptiion since the aalysis here suggests
that 1 variables play a much more inportant role in creating
variability in allocations to inmovative activity then do the O vari-
ables when the size rage is limited.  In dhgpter 7 fims were
graopd by industry and by two size bards, 1000-,99 and over 5000.
Bven wirthin this basically industry leel analysis, hovever, soe
allonance is mede for the effect of size of fim by including Z-.
in the amalysis.  Therefore, while dgpter 7 is doviosly a
fairly crue industry level amalysis, this dgpter tends to re”
force the claim that even at this high leel, the aalysis is
cgoeble of pidking out sore i rtant detemiratts of inmovative
activity in the fim.

In sorcery, itte been sugestkdd in this dgpter that a
sinple adgptive leamiing hypothesis -ay account for goparently inoo-
sistat evidence of the stoics cited.  «repetitive »etching throuch
rivalry is rot reguired as a behavioural mchanis», and indeed it is
extreely lisdted in ten* of its ability © explain dosened betevrour.
The anallysis here say be regarded as an goplication of the conogpt
of corporate management as pattem forming steedy state seders.
\thille the amalysis may ke inteypreted as an enpiric® study in its
o rigtt, it has broader inplication beyond the soope of the three
studies cited.  Considered with depters 6 ad 7 it may be regarded
* cotributing to the idea of Tt coloration as a holistic, luerar-



chically organised system in which behaviour at higher levels may not
be exclusively studied as aggregative phenorema, whether inplicitly
or eplicitly assumed.

This last point hes been discussad at length in previas
degoters, ad in the firal depter we sall attapt to more precisely
defire its inportance for ecoranic nocel-uilding.  The argurent is
a sinple ae, but as oe sall s=, It hes generated substantial
criticisn and scom fran sore eminent neoclassical ecommists. It
is tentatively hoped that the usefulness of such approach hes been
deorstrated in the last three dgpters, and that the firal dgpter
may help place It in an gooropriate perspective.
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Imovative or invertive activity has been variously inter-

as patenting activity, R &D employment ad total

iture on R & D resaurces, anmongst other definrtios.
iteveeller (1985) points aut,these may be closely related an
sustitutable indicators of imovative activity. Ino-
vative activity is therefore interpreted here as a broad
oonogpt for which different amalysts have employed different
operational definitions.

2. Sdumeter (1943) sugested that imovative activi® wes
suited to conditions of mongpoly poner, and stinulated s
sequeatt  discussion and aalyses on the relationship betwee
size and/or concertration on imovative activity.

111 7
3 %970)££Néed£§§19§5)8 a!l§o«s§;sb;r§that monogUstio™o
tios may encourage imitative behavio , P~ tch project
oliggpolistic interpretatios B~ dwin
CAE S S T roraviee 3, =

1s67).

The "Forture 500" is an anual listing of the largest 500
corporatios in the U.S. for the particular year.

5. The Hone * Mdretriidge study wes et of
this depter wes rearing firal fom. It » leaming
Iﬂtgr%treltgt%l/vlv?% ragardgiggqtjectatids as tol}gj\cvl'(rSues

would differ for the industries sarpled.

A further source of error inMpScitly7aSui~tere ad in

, r&%?o\ inestisated the determirants
7. A further study by Doberman ersonrel as a proportion
of rescarch intersity (eeswred as R J@. industries for
of all eployees) in 15 Caedian® 0 7 oe
195-0. Two saples were used Kirhi - gjustries according to

utilising 9 "techolagicallyP » - ve i ndus S .

the Scherer index, tteotterusingP %Jg;siors;arreeaxre
Three independent varicbles wvere "M *tion”~dex ad amessure
of foreign held Industry assets,

of goverment absicty to R & Dx

In the tedrolagically the techrological ly
insignificateenatthe m ~ , > = =~ ~ atthe .0 leel,
progressive case all variables w gm
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Tg values were 175 and 810 respectinvely.

\While this nay be cited as further sugport of the argument presented
in this section, it is not in the main text because of the
statistically weak nature of Gldoeemen™s analysis, partiaularly the
few degrees of freedom dotaiined In each regression.
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Technological Change in the Modem Corporation
end Inplications for the Theory of the Firm

As was suggested at the beginmniing of this thesis, Its purpose
my be regarded as twofold.. Its first and most dovious dojective
ves the study and analysis of the factors affecting the allocation
of resources to research and develloment activity in the large
modem corporation, this being the concem of Chepter 7. The
regression  analysis of this dgpter was conducted in an attenpt o
establish possible determinants of R &D activity; the results vere
corsistent with a nurber of the hypothesised relationships. In
partiaular there are ™o results worth erphesising for their inplic-
atias for policy purposes;  firstly,no evidence wes foud to sygo
the conventional wisdom that federal fuding of R & D merely sub-
stitutes conpany fuding, rather the regression anallysis was cosis-
tent with the hypothesis that federal fuds augnent rather then
replace aonpary funds for R & D, ceteris paribus.  Secodly,
atrary 1o the initial expectation that tedrological opportunity
(P.) ad propasity to udertake besic research (Ny) are positively
related, a statistically significant relationship betweerPj ad
wes found suggesting the goposite relatioship, (@fter the effects o
indstrial growvth and siize of research esteblishrent had been sp-
arated out)

The inplication for federal funding of RD suggested by the firs, finding
aowe is that there iis no evidence that the goportuniity cost of
federally finenced R & D includkes, corporate R & D that would have
been undertaken in the absence of federal fuding;  this hes direct

relevace to any attest to assess the econamic effects or comsequences
o W.QMIH- ronceming



the possible relationship between Ni ad Pj is conoermed, this at
first gopeared to costitute a puzzlling contradiction to earlier eqec-
tatias besed on the spillover model. In fact the result pramp-

ted a reconsideration of the probeble role of the Pj variable within
this frarenork, and hellped o indicate why tedrologically progressive
fims might be more uwilling to udertake besic research then fils
goerating in relatively uprogressive indstries.  As a aose-

qe®E, the special rature of the Pj variable with respect to

other independent variables was enphesised and a counter—intuitive

and gpparently paradoxical result acocountted for.

Yet the manner in which this reconciliation wes achieved hes a
direct bearing on the second main dbjective of the thesis, the
provision of a satisfactory franenork for the amalysis of resource
allocation in the large modem corporation.  The identification of
possible sub-systems within the R &D function fecilitates the
analysis of the possible effects of Pj. More gererally, as far as
the hypothesis formulation of the rest of the depter wes conceimed,
the resource based systens goproach provided fener theoretical diffi-
aildes conpared to traditional project based gooroeches;  In
partiaular 1t ciraumvertted the proolers of uncertainty and non-
replicability of R & D projects by re-orientating amalysis from
projects to resources.  Perhgps even more significantly the derived
mocel is entirely annsistent with the widespread converttion of hier—
archical "top-don* resource allocation in the modem corporation as
vell as the tendency for manegament to base resource allocation on a
fairly stable set of resource preferences.

The applicability of the systars aoproach is best illustrated by
«sidering Chepters 6, 7 and 8 together.  As »ell » PAidihg
gpears o he a »re satisfactory TMe*»* for analysis in Chapter 7,
te system perspective suggests h» differing conventios for R 8 D
tadeting (deseriled in »pater 6) «ay be attriluted to different



ciranstancess for particular graps of fims.  Chapter 8 contrributed
1o the overall amalysis by suggesting how the goparently conflicting
evidae of different sets of studies could be reconcilled by using

an ackptive leaming interpretation besed on the systams goproach

of Crepter 5.

The thread comon to these three depters is the belief that by
gplying the conogpt of resource utility within a gereral systars
frarenork, a sinple description of corporate decision neking can be
develgped ad satisfactorily goplied  aress which project besed
irabks find difficult or inpossible to deal with.

Honever it is not suggested that the systens goproach as formu-
lated here should be regarded as preferable 1o all project besed
goorcedes whatever the ciraustances. Theory based on satisficing
behaviaur may be goplicable to certain types of problens in particular
ciraurstancss, and so allso project models may be gpplicable to cer—
tain kinds of lorer level intra-fuctional or intra-divisional
allocative decisians. A nore gereral model might attenpt to inte-
grate these goproades; as far as behavioural theory is concermed
its assimilation within a more gereral goen systams goproach would be
dovias and natural given the similarity of satisficing to a hareo-
static mechenism, while a possible project based goproach which nay be
pramising in this respect is discussed later in this dgpter.

For this last possibility alae, twould be gopropriate to
clarify how a resource based systams goproach such as that developed
in this thesis might relate o project based goproades developed in
the sare area. However this is even a more urgent reeson why such
eanination should be conducted, and that is because the resource mocel
aunters ae of the fundamental tools of traditional ecoanic analy-
sis, the tedmique of aggregation.  This hes extrarely inportant inp-
licatias for the interpretation of the resource utility conogpt which
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is not derivable from any examination or nenipulation of individual
prodlct or project, dharecteristics alae, ad it is ot reducible
ordivisible to suchelaaits. It is gopropriate o analyse
clcsely the legitimecy of such procedure, sinee, as we shall s,
previaus suggestions thatt aggregation is not the sole neans of amaly-
sirg higher level economic phenomera have met with strog resiistance,
insae cases. To do o, itwill be useful to cosider first of all,
the conoept of emergence.

"Hrergence’ is used by Medanar (1974) in disoussing the analysis
of aomplex systans when he describes the "emergence at each tier of
the hierardy of concepts peculiar to and distinctive of that tier, ad
rot doviously reducible to the notions of the level inmediately
aowe or higher sall”, (.5

The relationship of emergence ad reducibility is defined
further by Beder (1974);

""A comon phillosophical strategy is t define emergence in
tems of “reducibility”.  In the special case of hierarchically
orgpnised systens, an orthodox definition, neglecting refinerents,
would be sorething like this;  i-level prenomema are “erergent’” with
respect to lover level theories when™nd onlly when, the i-level theories
are ot reducible 1o the theories of the loner leels’, (p.165)

The conoept of resource may be regarded as demonstrably erer—
gatt at the higher leels of decision-meking in the nodere corpor—
ato. It is this argument in an econamic comtext which was descriibed
earlier as being inportant contributions of Qyert and March ad
Eith Pawrose.  The latter cdhose to define resources independently
of the conogpt of factor of production with Its project—specific
amotatios (199, p.25). In nexclassical aalysis, the anly
releane a factor hes is in m?mrrrgg’fl% %iwﬁm or
role J,, stifle projects or opemti™. r rs
definine them in term™ of project—specific factors of production
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mekes o sense in this gooroech.

In this respect, necclassical amalysis may be interpreted as a
..iuctionist theory of the fim.  According to Thorpe U9W) :

"ReQjctionian is the sttributing of realty exclusiely to the
,»llest consitutents of theworld, and the tedency to interpret
higrer leels of organisation in terns of loer leels”. p.Uo,
after Barbour (1956).

m neocclassical analysis, the smallest constituents of the eocon-
oricvworld are the consumer and the individual project or product.1
Itoo-level amalysis is coructed in teres of these conogpts, ad
aggregation of mo”*phenmena is the «sans employed to descrihe higher
leel prerorera. Thils reductionist perspective st Je goplicable
in sees aotexts, hut its abillity to contrite to the uderst’ding
of the process whereby corporate resource are allocated to techno-
lagical dance is extrarely restricted.  On the other hand specifying
ocgosite resouree as a aonogpt emergent at higher levels of organ-
isation does gppear to have facilitated the analysis of the resource

~ t iot,Nsystens where higher level allocation of resouross

oererally precedes allocation to projects#
Ph, differences of interpretation of the MOclassrwl theory

ad the open systen resources «odel demonstrates what Weiss (1
describes as:

" ... the furdamental distinotion between atomistic, micro-
«echemistic terse of explanation on the one hand, and hiarerchiral
aoogpts of orgenisation on the other. The diffference is that the
letter reply so* sort of discontinuity encountered as cue crosses
interfaces between loner and higher orders of megnitude,
fomer, trying 1o reduce 11 phenomera to the properties of ultinete
eleretts in their various caplications, are based on the prarase of
ami_mi%yolggra%tids Ljy e vey up from the sinple elerents
1o infinite nutbers of e  (p.8-9)
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As Medanar (1974 p.&2) points aut, this disocotinuity of con-
ogptualisation is goparent when the enpirical sciences are arranged

N hierarchical enterings.  He selects five in the ordering;
1. physics 2. demistry 3. biology 4. ecology/sociolayy, ad
aoments that when the sciences are aonsidered in that order, the
degree of enpirical comtent increeses progressinvely, and new conoegpts
aerge at each level which did not gpear in the preceding science.
Jemwe co'e o level 4 in Medavar’s schere, theories and conoepts
geecific to the social sciences begin to emerge which are rerther
goaratt nor gpplicable in the fmne of reference of the preceding
siass; 1o use Medanar™s extrene exanple,

» a comtextual ly distinctive mtion I*e the “fereiin exdange
deficitl camot he envisaged in theworld of H*si». " (p.«>

Erergence of conogpts is doserveble wirthin disciplines as vell as
betwen. Psychology has a nuaber of suWivisions. but two broed
aress of concem me physiologic” psydology and social psydolayy,
in the latter conoepts such as "'role” a* “'coalition’” are emergent wrth
respect o physiolagical psydology, and conoepts used in ihysio-
lagical psydology such as "'syrgptic lgoses” ad “'central nenous
sstEnt” are rettaiant in analysis of met social sittatios. The
aergat oonepts displace the Iver levelmwitoegpts as a general beses
for analysis.

The buniien of the preceding depters |1» been that erergent
aogpts at higher levels of ecxoamic behavimr nust be recogniised
am developed 1F euonmdes is to acoount for social orgenisation
of resarce allocatien, TS [§ §Ter 90 ten acoomlited, siee
attepts to do so or to suggest thatthis is either necessary or

possible, have Fluently been met with rejection and even ridiovl.

necclassical /reductionist theorists. A good exaple is th pe

o Vining™s coment (149(@) ) on an article by Koopers.  Th
vant criticisn by Viring is quoted in Kogoens™ reply (199) belo,:
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"l camot uderstand the meaning of the phrase that “the agore-
cete hes an existence goart from its constituent particles and
behaviour dharecteristics of its own not deducible fron the
bdaviaur daracteristics of the particles™. If a theory
fomulates precisely (although possibly in probebility tems) the
determination of the doices and actios of each individual ina
gap or population, in response to thedhoices ad actions of other
individ.als or the conseguences thereof (such as prices, quantities,
state of eqectation) then the set of these individual behaviour
daracteristics is logically? eguivalent to the behaviour darac-
teristics of the grop”,  (-85-87)

Kogamers®™ view is strogly supported by Arrov (1959).
respect to the same cament by Viining quoted aoove by Kooamers,

ArTow states;

"Taken literally this position seats indefersible.  As Kogorers
points aut, a full characterization of each individual"s behaviour
lagically inplies a knovledge of gronth behaviaur; there is nothing
leftat. The rejection of the organiam goproach to social prab-
lem hes been a fairly corplete, and to ny mind salutary, rejection
of nysticisn’. (p-64D)

The justification for this complete contonaticn of Vining™s point
of view is that, acoording to Arrow,

"'In order to have a useful theory of relations amog agore-
|tes, It is necessaly that they be defined in a manner derived t»
the theory of dividual behaviaur.  In other nords, even the def-
infdon of such megniitudes as natioal incane cannot be undertaken
uithout a previous theoretical uniere«nding of the underlying iniivid-
el penareret”. (6420
Vining"s doice of phrese is ,,fortunatesince it parcels thenaive defini-

tion of Gestalt "'the _hole is greater thm. the su» of the parts’”, «hich «s
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criticised and restated by Agyal  (see Chepter 5).  Honever it is
wuseful since it elicits a precise statement of the reductionist
pergpective of  neccllassical theory by two aninant econamists.
There is no place for erergence in Kooprans™ or Arron™s view of
the vorld.

Yet what meaning hes "‘individual’" in this view of theworld? In
Melanar™s list of the enpirical sciences, the consumer woulld be
an erergent concept samenhere about the fourth leel.  The “cosuner™
in this list would be an abstract concept not reduciblle t constituent
atos or moleaules.  The individual human being onlly gpears at
the begiming of the fourth lewel, ad this level includes such
higher level orgenised systars as teans, institutios ad countries.
Locking at the numerous levels of emergent conoepts included  in
the spectrum of the enpirical sciences, the doice of "'the individal
& the exclusive behaviaural aonoept gpplicable 1o econamic activity
gyears o be suprarely arbittary. As Vining points aut in his
rejoinder (199 ©) )j

“is it the individual that Kogomans regards as his it anyney?
Perhgps his wnit is the familyor the fim, in sere irstancss a
graping of families and in many instances a graping of fims.  p

The individual is a holistic conoept no less and no nore then the
aonogpt of the comporation developed in the preceding depters. |t
is therefore as wilrerable to criticisms of ™nysticis” and logical
reclincbnee as the higher leveloonoept  inpllicit in Vining™s comment.
Hoever, hopefullly the use of taxonanies such as Medanar™s, indicates
both the relevance and limitations of such holistic conogpts in
their specificity to particular bands in the spectmn of the enpirical
sciaes, and provides  a perspective withinwhich these aonoepts may
be accomodated.

In this respect, the levels over which the resource besed il

is gplicable is strictly limited.  Its goplication is restrict
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asingle leel or a few leels in the orgenisational hierardy, ad
10 steady state behaviour in those leels. One aspect which is of
dvias relevance is what hegens to the allocation of resources ard
resource activity once the level is readhed where allocation to
seecific projects takes place. It is not directly dovioss fran the
resources model how thils may ooour, but Nelson™s study of R &D
decisioHteking in the Bell telephone laboratory (1962) may be of
relevance;

"Given the nature of scientafic research and an orgenisation where
individlel scientists had a wide degree of freedon, the allocation of

the scientific staff among competing altermatives is likely to be
aocorplished by an evolutionary or ratural sellection process ...

uncertainty and leaming are key aspects of research ... an alert
scientist working on a project which gopears to be ruming into
sharply diminishing retums hes very strog incentives - his pro-
fessional reputation, his scientific auricsity and his future at the
laboratories - 1o phase aut his aurrent work and phese in research in
anore pranising area - a hew project or a goingprojectwhi

eciting prospects”,  (0.572) -
This "avolutionary or' ratural selection process'” would fit vell
in a resource-besed model, since like such a model it presugposes
the indegpendant existence of the resource, In this case the Indivi-
dal sciettist. It is also based on an evolutionary or leaming

proosss as s the process of adhptation hypothesised at the level
of the coporation in Chepter 7. Nelson, in colllaboration wi

Sidrey Winter hes been develloping in recatt years a  ratural
selecaat” gpproach o tedrological change at micro- and mecro-levels
in indstry. A aurrent statement of the general goproach is mede
in Nelson and Winter (1974).

TW on» tte» fI*™ » for
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extersion of the model develloped in Chepter 5. Whille it is not
intenced to aompletely rebut the clains or rights of reductionist
e goproadhes o gplication in this ares, it is felt that the
aoe anallysis may damonstrate the need 1o question the legitimecy of
the view taken by Arrow and Koepras aove, that reductionism hes
the exclusive prerogative of investigation in econamic behaviour.
As lag as institutions and orgenisatios are regarded as sinple
aggregates by such theorists, the danger exists that a tremerdous nurber
of potentially rich theoretical models may be ignored and negllected.
The relevance of the conogpt of emergence has been seen earlier In
discriminating between physiological ad social psydology, ad
indeed the attitude of diehato necclassical theorists ray be carpared
o attenpting o analyse the behaviour of individuals and grogps in
tems of physiological concepts; it ray have limited fessibility, but
certainly its relevance is highly questioeble.

In conclusion, the general systars goproach 1o tedrological
dae develgeed in this thesis say he regarded as a useful ae.
The dosernved behaviiour of coporatio™ in allocating resourcss to
techrological change hes esoorted veill wirth the expectations of the
cerivative hypotheses, and atertations were frequently acocounted for
in terms of the violation of besic behavioural asstptins of the theory.
It is, of curse, only one Intensretation and goplication of gereral
systans thrtry to econamic behaviaur, tut in tems of iIts abil ty
descriibe the process of allocating resource to research art develop-
ment in irtustry and acoount for differences in R S O betaviaur, it
perfoms better then previous necclassical theories. It i
Vvhich encourages gptiimiam as 1o the possibillities of further gpli-
cation ad develgoment of gereral systrt theory In the ««lysis of

econamic behaviaur.
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Footnotes

1 Itmigwtbedi){'ectedﬂ*atme smallest constituents are the house-

1* nts respectively. Hovever since the conogpts
utilisd in consumer theory are those describing doice betaviour
of the individual consuer, and modem develgamentt of the theory
S 22 nri, hes been ektercied o coyer «1t™oducMFilms. tee
decisionreking is besel on gptimising project allocation., this

criticisnmay be disregarded.
2, Kogpas"™ entesis.
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APPENDIX 11
SAVPLES MATRIX |,
SAPLE
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of lar data for National Science
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1963 (\SF 19865, p-154-155).
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the reporting copary.
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