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ABSTRACT

This thesis sets out to explore limitations of the role undertaken by "technology transter”
agencies in their contribution to successful innovation in UK industry. In particular it
1dentifies the limitations arising from the widely used approach of maximising information
Accessibility. A conceptual device 1s introduced to distinguish the existing emphasis on

access to information about technology, from a more interactive and customer centred
strategy.

Using this simple conceptual model a more detailed analysis of the mismatch between the
needs of potential innovators and the activities of information centred technology transfer

agencies 18 undertaken by the use of both survey techniques and a case-study of one
particular agency.

The results of this analysis suggest that the Accessibility strategy by itself fails to address
many of the issues and concerns that UK industry has about innovating and reinforces the

need to adopt the more consumer need centred and interactive approach suggested by the
model.

The 1mplications and potential requirements of such an approach are further developed
with respect to transfer agencies and government and European Commission policy.
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CHAPTER 1
1.0 RESEARCH OVERVIEW AND PROBLEM CONTEXT.

1.1 Research Overview.

1.1.1 The Research Project.

This research was sponsored by the Science and Engineering Research Council (SERC)
under the Total Technology Programme. The scheme aims to produce research which
1s both interdisciplinary and tackles a problem of direct relevance to an industrial
organisation or organisations. To this end, the research presented here was originally co-
sponsored by Detence Technology Enterprises Ltd (DTE) who were a private commercial
organisation tounded to provide access to, and spin-oft technology from, the Ministry of
Defence (MOD) Research Establishments. The intial focus thus concerned the role of this
particular intermediary in technology transter. During the research process, the emphasis
was changed to focus more widely on the whole intermediary industry as well as the
potential customers for that industry. It was decided that an insufficient insight would be

provided by considering a sole intermediary, since each intermediary appeared to present
a different approach to the overall problem. Consequently, the evidence presented here

1s drawn from UK manufacturing industry, the UK intermediary industry as well as DTE.

1.1.2 An Overview of the Presentation of the Research.

This thesis sets out to present a coherent approach to a subject commonly known as
technology transfer, but for which no commonly agreed definition exists. Rather than

examining the subject from a purely academic standpoint, a more practical approach has
been adopted which, by its use, has provided a greater insight than existing approaches.
It 1s intended here to present the role of intermediaries 1n this, so far undefined, subject
in terms of the necessary delivery of a service to manufacturing companies. In so doing,

it is intended to present a relatively simple argument to uncover the hidden complexities
of the subject matter. It1s felt that it 1s of direct benefit to the reader if the 'research story’

is presented at the outset, so subsequent information can be understood within the

appropriate context.



To this end the research and evidence presented here will follow the following 'story':

The perceived inadequacy of technological innovation within UK manufacturing industries
has prompted considerable research as well as government initiatives to re-address the
balance. This, amongst other factors, has lead to the formation of a wide variety of
government, commercial and paternalistic agencies whose joint aim 1s to Increase access
to technology and in so doing propogate its future use. However, manufacturing
organisations have failed to consitently innovate not simply because of a lack of access
to technology, but because the innovation and technology acquisition processes are
inherently complex and risky. To overcome the problems faced by individual industrial
organisations, they require a diverse range of services to overcome internal deficiencies.

This 1s particularly true of small and medium sized enterprises (SMEs) who most require
assistance with processes such as technology scanning, assessment and implementation.

In response the intermediaries have sought to provide a number of services which they
perceive meet the needs of their clients, and potential customers. However, 1t has become
evident that a mismatch 1s developing between those perceived needs and the services
which many intermediaries actually provide. It 1s suggested that this mismatch 1s partly
due to the lack of understanding of the various elements of technology transter processes,

which has lead with too much emphasis being placed on providing access to technology.

Consequently, a conceptual model is developed here which defines technology transter
asinvolving three essential processes: Accessibility, Mobility and Receptivity. Acessibility
describes the processes by which information on technology is made available; Mobility
describes the processes by which technology 1s offered or moved between the source and
recipient; and Receptivity describes the processes internal to the recipient which determine
its response to a given technology. It 1s shown that more attention needs to be paid to
understanding Receptivity in industry and that Mobility can be enhanced by overcoming

the deficiences displayed by industrial organisations. The consequences of the current
state of the technology transfer industry are discussed with a view not only to maximising
the effectiveness of the intermediaries, but also with respect to Government policy and that

eminating from the European Commission.



1.2. TECHNOLOGY TRANSFER - THE PROBLEM CONTEXT

1.2.1 Introduction

The United Kingdom is generally considered to be amongst the most prolific producers
of technology anywhere in the world. It is also generally considered to have gradually
lagged behind many of its trading partners in putting that technology to use. This trend
has been recognised by successive UK governments for a considerable period of time and
though early policy making in the 1950’s and 1960°s was characterised by an ad hoc and
relatively uninformed approach, more recent times have seen an attempt to formalise and
protessionalise industrial policy making (Rothwell & Dodgson 1992). This said however,

industrial policy, especially that concerning innovation and technology transfer, remains
an area of considerable weakness.

Government policy, as well as much of the early (1950°s) academic work, has traditionally
concentrated on maximising the flow of technical ideas, on the assumption that scientific
research creates technology which itself has inherent properties that compel 1ts use 1n an
industrial or other appropriate setting. Such a linear ‘technology push’ model of the
innovation process was shown to have inherent faults. Funding of research and
development activities with universities gave no guarantee of increased technological
innovation in industry. The 1970’s saw the growth of industry based research institutes
charged with providing the technical expertise demanded by their industry. Whilst such
research associations have played an important role in the provision in industry specific
technology for many sectors, and are still as seen important sources of technology today,
more recent policy has recognised that the funding of ‘science’ and ‘technology’ cannot
be separated. Policy provision in the 1980’s has concentrated on providing fundamental
linkages, either firm to firm or university to firm, with an emphasis on the funding of pre-

competitive collaborative research.

Consistent with these policy changes has been a corresponding change in the audience at
which the policy is targeted. Early policy was heavily biased towards funding fundamental
research activities in large industrial organisations, partly because these were seen as the
basic national income generators and partly because of the notion that technology would
filter down the industrial hierarchy. This policy changed quite dramatically in the late



1970’s and early 1980’s with arrival of the old style Conservatism and new style
Thatcherism. The emphasis moved towards the creation of a more entrepreneurial
approach to industry and with it the support of Small and Medium Sized Enterprises
(SME’s) who were set to become the technological frontier of Britain. Current policy still
favours, in theory if not actually in practice, SME’s although as Rothwell and Dodgson
(1992) point out, the trend has shifted to encouraging the growth of small high-tech
companies.

Though 1t 1s not the intended purpose of this thesis to undertake an indepth review of the
role of government 1n the technology transfer process, it will be shown that too much
emphasis has been, and still 1s being, placed on providing access to technology as the main
stimulus of change. It will be argued extensively that the ‘access’ 1s only one element of
a more complex and delicately balanced process. As Dorf (1988) has correctly revealed
‘Technology transter is the exception not the rule’. A host of potential barriers exist to
thwart the process ot exchange. The potential obstacles are related to the technology under
discussion, the source of technology and the potential user. The technology may not be

a tangible product but rather the results of basic research or a laboratory model and as such
will need considerable knowledge, time and money to successfully transter, adapt and use.

The technology source may be over ambitious towards the perceived value of their product
and contractual problems will occur with the licensing procedure. The potential user may

prove to be unable to successtully adapt the technology or unwilling to go to market within
the timescale envisaged by the source. In other words, there are a plethora ot elements

continually conspiring to prevent technology transter.

1.2.2 Practical Models - Commerce, Government and the EEC

In order to emphasise the continual theme of this thesis, that emphasis is placed too heavily
on ‘access’ to technology rather than the mechanisms for its transfer, it 1s intended to
explore some of the existing transfer mechanisms at the outset to demonstrate their
potential weaknesses. Though 1n general there has been little academic work aimed at
practical technology transfer mechanisms, an overview has been provided by Dorf (1988).
Although the distinction drawn between various ‘models’ as Dorf calls them, is not strictly
in agreement with the analysis to be presented later, the Dorf paper nonetheless provides
an appropriate starting point for the current discussion. Dorf has examined an number of
practical models of technology transter around the world which are currently being used



by Governments to facilitate technology transfer from government laboratories and
universties. The literature which supports his observations 1s very diffuse and therefore
diffcult to identify as an homogenous body of literature. However, it is not the intention
of the follwing discussion to academically investigate the models themselves, but rather
to 1dentify some of the mechanisms which are currently being used to transfer technology
from government laboratories, since one such mechanism will form a case study
throughout this thesis.

A full examination of how the AMR framework can be used to examine and evaluate
various transfer mechanisms will be presented in Chapter 3 and later in Chapter 7.

1.2.2.1 The Information Dissemination Model

This basic model pioneered by the Federal Laboratories in the United States involves
information dissemination on a ‘scientific culture’ basis. Since the policy of successive

US governments has been that the results of any publicly funded research should be
available to the public (with the obvious exception of sensitive defence related work) early

attempts at technology transfer there, focused on providing such results. Information was
disseminated via seminars, databases, publications and conferences. The process relied

heavily on stimulating the scientific curiosity of industry and in so doing filter down
technological information which would eventually appear as innovation in the marketplace.

It also followed the principle that the information should be ‘freely’ available to all.

1.2.2.2 The Licensing Model

This is a derivative of the first model, but where the emphasis has shifted from ‘information
for all’ to ‘information to those best placed to use it’. The principle was that products or
processes initially developed in Federal Laboratories would be licensed to industrial

organisations for further development and eventual utilisation. This did cause problems
with the question as to whom the knowledge should be transferred. Although licences

could be made available on a non-exclusive basis, this would usually preclude any major
investment by a licensee; such investment was essential for most government produced
technology. Other solutions were tried with either the laboratory selecting the potential
licensee on the basis of selecting the company most capable of commercialising the
technology, or potential licensees were allowed to bid for the licence.



1.2.2.3 The Venture Capital Model

This model involves providing entrepreneurs with capital in order that they might establish
firms to commercialise specific technology or technologies. This approach allows the
venture capitalist to decide which projects are worthy of funding on the basis that such
organisations are better placed to judge suitability than the government. Such a model
would often allow for a scientist or engineer to leave the laboratory and work as either a
consultant to industry or the chief scientist of a newly formed organisation. The theory
here being that 1t 1s the developer which is best placed to commercialise the technology.

1.2.2.4 The Large Company - Joint Venture Model

This model encouraged collaborative projects between government laboratories and large
industrial organisations with suitable Research and Development (R & D) facilities. By

involving industry in government based research, technology transfer would be increased
as the research became more industrially relevant. Hence both production and market

considerations would be combined with government facilities. Technology transfer was
to be further enhanced by the movement of researchers from the laboratories to industry

to facilitate and speed the learning process. It was further believed that commercial
organisations could be charged tor this collaboration 1f exclusive rights could be obtained.

1.2.2.5 The Incubator - Science Park Model

‘Science parks are, 1n the simplest terms, property developments which aim to support to
research-based commercial activity’ (Quintasetal 1992). Science parks work on two basic
assumptions. Firstly, that scientific research leads to innovation and secondly that
fledgling spin-off companies need a supportive environment. The theory is that the science
park provides a forum for either university researchers to set up companies to exploit their
work, or that small high-tech companies will benefit from the close proximity to university
researchers. In both cases 1t was assumed that start-up companies would need business
expertise and facilities over the initial growth period. The UK science park boom which
started in the 1980’s now boasts some 40 or so sites (Quintas et al 1992).



1.2.2.6 The ‘Ferret’ Model - Defence Technology Enterprises Ltd

The ‘ferret’ model as Dorf calls it, refers to a UK company Detence Technology
Enterprises Ltd (DTE) who were the original industrial partner tor this research study.
DTE were established in the mid 1980’°s by the government to transfer technology out of

the Ministry of Defence (MoD) Research Establishments. In briet, DTE used a number
of highly qualified scientists, called ‘ferrets’, to search for technology within the MoD

establishments for an elite number of member companies. The idea was that using such
staftf the MoD could ensure security whilst also minimising the number of technologies
which would have previously been graded as classified. Since this model 1s a mechanism
for the transfer of technologies from one extreme of the technology spectrum, 1t will be
referred to regularly throughout this thesis.

1.2.3 An Initial Analysis of some Practical Models

Each of these basic ‘models’ attacks one particular element of the complex processes
involved in technology transfer and each therefore has clearly defined advantages and
disadvantages. The information dissemination model, whilst being easy to implement,
is totally unfocused and relies too heavily on an unstructured process for information
exchange. Licensing will at least be directed towards an appropriate audience and could
in theory lead to a financial return. However, sufficiently patenting the number of
technologies likely to emerge from government sponsored laboratories would be
prohibitively costly. More difficult would be the selection of ‘winning’ technologies for
patenting, as would identifying the best companies to receive the technology. The venture
capital model aims to support a very limited number of technological developments with
private capital. Whilst this at least would bring a greater level of commercial reality to
government laboratories, the private capital markets are likely only to be interested in near
market ready technologies with a large potential payback. Such technologies are less likely
to emerge from establishments traditionally removed from market forces. Even if this
could be implemented successfully, only such a very small number of cases would reach
the market that the payback would probably not justify the effort. The large company joint
venture model has the advantage that it would draw upon the financial muscle and industrial
and technical expertise of companies with a proven record 1n technology management.
However, it is equally as likely that the integrated R & D departments, culture and



personnel from two radically different organisations would lead to considerable management
problems. Though employees from the industrial partner could be seconded to the
government laboratory, it would probably be more appropriate 1t the personnel exchange

occurred 1n the opposite direction, since the development of the technology must be based
on commercial realities.

The science park model 1s more complicated. It has the potential to encourage
entrepreneurial activity in the university sector as well as to facilitate closer ties between
small high-tech companies and centres of excellence. In offering a number of business
support activities 1t also offers a ‘safer’ environment for the embryonic entrepreneurial
activity. However, science parks consume a large amount of financial resources without

any guaranteed payback. There 1s also an inherent assumption that universities are full
of entrepreneurs with potential market beating products just waiting to be exploited. The

evidence for this assumption 1s most notable by its absence as is the proof that academics
make good businessmen.

Finally, the DTE model was supposed to have the advantage of being market led in that
member companies could drive the technology searching activity, but it proved far more
difficult than expected. This technological scanning process was over complicated by
using ‘ferrets’ who were not sutficiently close to their customers to undertake anything
but a fully specified technology search. Indeed DTE soon found themselves in the
technology push game by ‘ferreting out’ a large number of technologies and trying to
stimulate interest in these discoveries within their membership. The membership itself
acted as a limiting factor to the dissemination process since companies had to pay to
examine the database of available technology. This has been described by several potential
clients as ‘paying to enter the supermarket’.

1.2.4 Some Conclusions on Existing Models

Although a seemingly wide diversity of current practical models used for technology
transfer has been presented 1n the previous sections, each with different advantages and
potential disadvantages, it 1s one of the purposes of this thesis to show that they are in fact
all very similar in their approach. The consistent theme of this thesis is that technology
transfer defines a complex 1nnovation process and not just the apparent movement of



technology from one organisation to another. The models presented here thus far are all
similar in that they aim to increase the ‘access’ to a potential technology pool, whether
this be a government laboratory or a university. Partly in response to the failure of various
‘models’ for achieving technology transfer, a number of agencies have been formed to
assist the process. These agencies will serve as a major focus of this study and are discussed
in the next section.

1.2.5 Technology Transfer Agencies as Intermediaries

A host of transfer organisations have formed over the last ten years in response to a
perceived need to transter more technology into UK industry, so that it might become more
successful on a European and worldwide basis. These organisations, commonly referred
to as technology transfer agencies or intermediaries, are not a single homogenous body.
Indeed, 1n the Standard Industry Classification (SIC), or that used by large company
database providers, no single such classification exists. Some of these organisations have
their roots in commercially based technical consultancy, others are newly formed and are
‘dedicated’ to technology transter, whilst others owe their existence to government policy.
In general, the roots of each organisation have determined 1ts particular industrial bias,
whether this be based on a well understood generic technology, or a given geographical

region of the country. Indeed, geographic regions may cross country boundaries as
individual agencies specialise in increasing co-operative activity between particular

countries. It1s also worth noting that this growth in technology transfer organisations is
not a uniquely British phenomenon, but rather 1s mirrored across Europe and the USA.

The precise mechanisms utilised by such agencies to facilitate technology transfer are also

varied, but are usually determined by the technology sources accessed, the perceived
customer base, or by political consideration. All the agencies possess a considerable

amount of information i1n order to affect some ‘useful’ exchange. Indeed, the term
technology transfer can lead to the belief that 1t 1s “hard’ or physical technology that is
always the focus of the exchange. This 1s far from being the case. The ‘technology
transfer’ under consideration may involve basic scientific research, prototypes, data on
processing or manufacturing techniques, complete products or processes, or more general
commercial exchanges leading to cross-distribution agreements or joint-ventures etc.
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One of the elements which most characterises each organisation are the sources ot
technology utilised in its activities. For some agencies, universities or Government
Research Establishments will predominate, others will use the depth of technology
available from industry itself, both in the UK and elsewhere, whilst other agencies will
either specialise or generalise.

This picture has become more complex in recent times with an increase in inter-agency
co-operation, usually in the form of information exchange. Such activity, whilst arguably

essential to increase the ‘pool’ of technologies and clients to sufficient levels to make
commercial and practical sense, has been greatly increased by the activities of the
European Commission. Programmes such the Strategic Programme for Innovation and
Technology Transter (SPRINT) and the so-called Technology Transfer Days Scheme, are
aimed, to a large extent, at inter-agency collaboration. By increasing the quantity and rate
of information exchange it 1s believed that a relatively inefficient process can be made

to produce efticient results to justity the investment of public monies. This process 1s not
helped by the diversity of activities undertaken by intermediaries which, 1n association

with technological specialisms and niche client bases, prevent a truly homogenous
population of agencies evolving.

This 1dea of specialism 1s particularly relevant to this thesis and in particular the
relationship between technology sources, (and hence technology ‘types’), clients serviced
and the services offered by intermediaries to affect technology transfer. It is intended to

show a direct relationship between the sources of technology and the ‘attributes’ of those
technologies; between types of industrial customers and their technological needs and

abilities; and between the first two factors and the services which intermediaries must
supply in order to act effectively to encourage and achieve successful and sustainable levels
of transfer. The fundamental approach taken here will be one of examining and analysing
a ‘service delivery problem’.
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CHAPTER 2

2.0 INNOVATION AND THE FIRM.

2.1 Introduction

Innovation 1s not something which all companies engage in regularly but rather is a
function of the market a company serves and how it serves that market. Some sectors
require almost constant change, electronics for instance, whilst others have remained
basically unchanged for decades. The need for change will reflect the product life-cycle
which 1n turn mirrors ultimate demand and technological capabilities. Looking across
all markets at all manutfacturing firms it 1s easy to see that there will be companies of all
possible types, but even within a reasonably small sector one will find a diversity of
companies. It 1s not surprising, therefore, that academic wrnters have struggled for many
years to categorise companies and make predictions about the ‘best’ routes to innovation.
Although it is not intended that a microscopic examination of the categorisation techniques
should be undertaken here, some examination 1s essential since valuable lessons regarding
the need for innovation will be uncovered. Since this thesis has the primary objective of
understanding the processes of innovation via sources of technology which are external
to the innovating organisation, one must first attempt to comprehend the innovation

process as a whole.

Before attempting to understand the processes at work 1n innovating organisations one
must first identify the basic influences which predispose an organisation to accept or reject
the necessity for change. Nystrom (1979) classified companies into two large groups
which he called Positional companies and Innovative companies. A Positional company
1s one which operates in a mature market where the demand for change 1s low, and hence
the main incentive for change will be a sudden change in the operating environment caused
by some external factor. If a radically different product cannot be introduced into the
market then, overtime, the companies operating in the market will turn to 1ssues such as
quality and price to ensure their competitive edge. Such actions will 1n turn aim the
company towards efficiency in production which usually means rationalisation and
automation. The Innovative company operates in a radically different fashion. Market
uncertainty coupled with constant change will engender the acceptance of technological
change as a necessity and thus mnnovative activities will be targeted towards technological
development rather than organisational development. Production will be less integrated,
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and hence more flexible, leaving it open to change in product design. Further, the
organisation will need to be open to changes in the production processes to meet the new
demands placed upon production.

Parker (1982) notes that the differences between innovative and non-innovative firms
manifest themselves in the types of personnel they employee. The highly innovative
company, for example, differs strongly from other companies since it makes use of
advanced technological research carried-out within internal facilities. The long-term
survival of the organisation depends heavily upon its capability to maintain a high level
of technological expertise. Such research is costly and will be slow to be converted into
profit and thus the end products tend to be high value and often low quantity. The non-
Innovative company is a very different beast. It produces large quantities of relatively
simple products and the emphasis 1s on production. It is not dependent on technical
expertise and consequently will not employ scientist or chartered engineers. The non
technologically based products have the advantage of being able to be changed relatively
easily, but there 1s little return for such investment given the operating market

environment.
New product

Nature of problem-solving involves a
Level of task required to convert Staft required for process
Technology idea into a new product. new product development of:-
ONE Repetitive solution from simple

choice of things learnt. Craftsman Evolution.
TWO Patterned. Discriminating choice

from past experience and existing

knowledge. Craftsman and Technical Evolution.
THREE New 1deas. Moderate level of Evolution with

uncertainty. Improvement main Qualified engineer some

alm. or scientist. innovation.
FOUR New products alien to production

and marketing enterprise. Open-

ended problems with an infinite

number of possible solutions. Highly experienced Some evolution

engineer/scientist with

High uncertainty. Innovation.
FIVE Adaptive. Descriminating choice

of spin-off from high/medium Engineer/scientist with an

technology. national reputation. Innovation.
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SIX Precisely formulated, and
unambiguous high technological goals.
New knowledge, power of abstract

thinking. Often quantitative problems Engineer/

and singular solutions. scientist with an
International reputation. Innovation.

Table 2.1 Technology Levels and Innovative Activity.
Parker (1982) adapted from Langrish et al (1979), and presented here in abbreviated form.

The most important characteristics of the six levels of technology outlined above, are the
nature of the technological problem which needs to be resolved and the qualities of the
personnel necessary to achieve the desired solution. Those processes which are classified
as ‘evolutionary’ are fundamentally technical problem-solving processes, which require
a relatively simple selection of possible alternatives. The basis for selection is reliant upon
existing technological know how requiring little new technological input. Such decision-
making processes are suited to craftsmen and technicians since all the required knowledge
to solve the problem will be internally available at those levels. Technology levels three
and four are significantly different since they will require the accumulation and

assimilation ot knowledge which 1s new to the organisation. Such a process 1s driven by
a problem with a extensive and diverse number of solutions and will thus display a degree

of uncertainty not present in the lower technology levels. A more technical problem
requires a comprehension and adeptness of generic technologies available beyond the

prevalent technological boundaries of the existing ‘product’. Consequently, problem-
solving is a more experimental process requiring the talents of highly skilled engineers or

scientists. The time elapse prior to solution 1s likely to be increased in the less certain
environment. The highest levels of technology will encompass abstract ideas and the

formulation and derivation of new knowledge. Such processes are purely the domain ot
the most accomplished scientists and will require time and money for results. Such

expertise will be absent from all but the most technologically eminent organisations, and
will reside more often in educational establishments.

The value of this technological categorisation 1s realised when compared against the

characteristics of the organisations who produce the technologies. Figure 2.1 (overleaf)
shows some of the most predominant characteristics of the six levels of technology and

the organisations which produce and adopt them. Column II shows the relative capital
and revenue costs of developing technologies of each category. Since levels 1&2 require

evolutionary development of known ideas, they are the cheapest to produce since no new
plant will be required and development time should be relatively short. As one moves

higher up the technology levels, the investment required to produce results increases as
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It is accepted that this table may provide a slightly static view of technology and skills in organisations,

but nonetheless provides a useful msight into these issues,
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time and equipment become more crucial to eventual success. Similarly, the risk and
subsequent financial pay-back from the investment increases as the technology increases
In complexity and objective newness.

Columns IV to IX proffer information germane to the genus of organisations displaying
technological effort focused at each technological goal. The information is best considered
by examining the three major technological divisions separately in order to construct a
picture of the organisations operating within that framework. Examining technology
levels 1&2 for the present, one finds that organisations operating within this technological
sphere are those generating large quantities of single products, where cost minimisation
1n production 1s crucial. Such organisations will operate in comparatively stable markets
where commercial fulmination will be a consequence of increased efficiency in production
by existing competitors, or by an unforeseen challenge from imports.

These companies will not be required to follow active innovation strategies but rather, will

operate defensively to combat clearly articulated threats. Continued growth is contingent
upon enlarging market share, or opening new markets, 1f the organisation is not willing

to ascend the technological ladder.

Enterprises operating at levels 3&4 immerse themselves more deeply in research than the
previous types, expending substantial amounts of money and consequently reap larger

rewards. They distribute a wider variety of products across many, but related, markets.
The company will seek toincrease market share and competitive advantage by concentrating

on improving the product itself, rather than the sale price. Consequently, commercial
threats will be related to changes in the technology intrinsic to the product and less to
transformations in production processes. Insuch anenvironment research and development
will be closely related to market demand, which itselt will be continually redefined, and

a more aggressive development strategy will matenalise.

The companies operating at the greatest technological elevations have a potential for
innovation bounded only by their technological vision and organisational confidence.
Business i1s based upon small numbers of market leading products produced to meet the
needs of world based demands and expectations. Innovation leading to radical improvements
in existing products, and the formulation of totally new products, will be orientated around
scientific investigation. Internal skills will be supplemented by inputs from educational
establishments and other centres of technological excellence.
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Commercial threats may be the result of under-financing exploratory projects directed

toward maintaining technological excellence and general complacency towards international
markets.

2.2Manufacturers who use external research, design, and development resources.

In the above discussion we have identified how organisations can base their operations on
the manipulation and exploitation of alternate levels of technology, defined by a scale
dependent upon scientific and technological input. The operational level of technology
will be maintained, reduced or increased according to requirements, and the availability
of internal and external supplementary expertise. It is, therefore, expected that the use
made of external technological sources will also vary across these organisational groups.
As Parker (1982) points out, the ‘high-tech’ organisations operating within levels five and
six will be both willing and able to the receive technological input of external sources. New
1deas will present few problems since sufficient internal expertise will exist to rapidly
evaluate and assimilate the information. Companies using technologies in the lowest two
levels should also encounter few problems from utilising external technology sources,
since they are concerned wholey with well understood and proven technologies.
Innovation will be evolutionary and external expertise will be sought to cover 1ssues such
as design and production. The prime role for external knowledge should be the facilitation
of improvements in overall production processes and the implementation of specific
production technologies.

Following the above logic, 1t becomes obvious that the organisations operating at levels
three and four may well be at a disadvantage since they require radically new technologies
to maintain viability. Such technology will not be familiar to the technical personnel of
the organisation nor will in-house expertise allow for easy assimilation of technologies
from higher levels. These companies are in danger, then, of either under-investing in new
technology due to lack of confidence in internal capabilities, and over-stretching
themselves by exceeding internal capability.

2.3 Innovative activity and firm size.

Certainly one of the most important factors to consider when investigating the nature of

innovation in manufacturing companies, 1s the differences that company size can make on
success and failure. Many authors have considered this issue over the past decades but some
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more recent studies have shed new light on the problem (see Pavitt 1983, Pavitt 1986,

Freeman 1974). Zoltan & Audretsch (1988) have extracted five factors which they

conclude should give large companies an advantage over small companies in innovative
activities.

(@) The inducement of innovation by consuming financial and human resources on
internally generated research and development programmes is expensive and involves high

fixed costs. The effect of these costs can only be minimised by producing high volume
or high value products. Certainly the former, and often the latter, are operations under
taken by large firms.

(b) Innovation as the stimulus and indeed pre-requisite of growth, is affordable only when
the returns can gaurantee a sufficient share of the potential market. Increasing and

maintaining a leading role in a given market usuually requires large scale production. For
most products, large scale production means a large, capital intensive organisation.

(c) Research and development, especially that aimed at less well defined and long-term

goals, 1s an inherently risky process. These risks remaining constant, the ultimate risk
being taken by an organisation is that which describes the affect failure could have on that

organisation. Naturally, a company who’s activities are diverse will be less affected by
R&D failure in a specific area, and companies with such a diversity of interests are

generally larger.

(d) As will be described later, simply developing a new technology or incorporating such
a technology into an existing product/process 1s not a sutficient condition for eventual
market success. There are numerous internal an external factors which will ‘colour’ the
eventual output of the innovation process. Not least ot the problems tacing an innovating
organisation, i1s whether it can generate sufficient sales to justify the original innovation
in both human and financial terms. The marketing and distribution of products to new
markets and customers 1s a particularly ditficult and skilled job, tor which large companies
should, theoretically, be better positioned to atfect. Success in this sphere will ensure the

best dividend for the original investment.

(e) Finally, the received dividend may be dependent upon size related factors. For
example, if two companies manufacturing products of similar market value but selling
vastly different quantities, and both make an innovation in their production process which
reduces production costs by five percent, the company selling the larger quantity will
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receive a greater dividend from that innovation than the smaller company. The saving will
be useful to both companies of course, but the size of the perceived dividend may affect
the cost-benefit calculations of innovating organisations prior to the decision to innovate.

It would be easy to deduce from such evidence, that large organisations have a totally
advantageous position towards innovation. However, the shear size of such organisations
often leads to problems in organising for 1nnovation and responding to potential
opportunities; to this degree, smaller companies may hold an advantage. Indeed, Zoltan
& Audretsch (1988) also identity characteristics from the literature, which are advantageous
to innovation, but favour the smaller company. Innovation, in all its forms, denotes
change, and all change will require some degree of organisational flexibility. An inflexible
organisation, one with hardened barriers to new i1deas, irrespective of size will be unable
or less able to innovate. A flexible organisation, one who’s internal structure 1s more able
to accommodate new functions, will be better placed to assimilate innovation. Large
organisations, defined by number of employees and functions, are complex and require
a number of layers of management and control. Information will be filtered from the
lowest to the highest elements in this pyrimidal structure, and to contain and process this
information strict controls will be enforced. A consequence of this formalised process 1s
not only to slow down the processing of new 1deas, but can also lead to a perception of
change as something abnormal, and to be feared.

2.4 Options for Acquiring Technology.

The most obvious choice an organisation has to make when considering how to acquire
technologies relevant to it’s needs, is whether or not it can generate those technologies
internally through Research and Development (R&D). Before examining this question
in detail, it is pertinent to say something about the difference between research and
development. Firstly, one can classify research into two basic types: basic and applied.

Basic, or fundamental, research 1s usually considered to be activity concerned with the
generation of scientific theories, concepts, formulae, etc and for the most part is carried
out by “scientists”. This 1s the type of activity which leading universities and some
government establishments will undertake, but is only carried out in industry where “big
science” is necessary: eg. the chemical and pharmacuetical industries. Such activities are
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generally characterised by a high failure rate, long research times and relatively low costs,
compared with those necessary to bring a technology through to production (Roman &
Puett 1983). Applied research, is research nearer to technological fruition and consists
of adapting the output of basic research in order to meet the requirements of a particular
application. This work is generally carried out by engineers who are responsible for
accomplishing specific technological targets.

Development consists of all those activities which are aimed at either taking the results
of research (1ncluding prototypes) or completed technology already developed for a prior
use, and applying these to the specific need of the organisation, to a state where the

‘technology’ can be implemented. This area of activity would also usually include design

work used to improve some particular attribute of the product or process.
Finally, on this distinction between research and development, the reader will have noticed

that no definitive statement has been made. This 1s simply because at the time of writing
no commonly agreed distinction exists. This was brought to the notice of the House ot
Commons Select Committee on Science and Technology in 1986, when the question of
the comparison between the amount spent on R & D by one country and another was used
as an indicator of economic health (Gummett 1986). Gummett emphasised the difficulty
of such comparison given the lack of definitions for research and development. It has to
be accepted therefore, that whenever these terms are used they only should be taken as
rough guides. Wherever possible the emphasis should be placed upon the level of
technological work being undertaken. Using this, in conjunction with knowledge
regarding the nature of the organisation undertaking the work, one can approximate the
type of change occurring.

Returning now to the question of which companies are most likely to be involved in R &
D activity, the answer will depend on a whole series of factors including firm size, the

nature of the innovation task, the relationship between R & D (where it already exists) and
other departments, the external environment which atfects competitiveness and the

internal competence of the company. For many companies this choice 1s far from obvious
however. R & D is capital intensive due to the special equipment, facilities and people
necessary to accomplish the task eftectively. Further, since technology 1s often transient
and R & D goals, atall but the most practical levels, difficult to define in any but the widest
terms, undertaking research 1s fundamentally a risky business. The now classic Booz,
Allen and Hamilton (1965) study, showed that in 51 major United States corporations only

2% of initial product 1deas were commercially successful, and almost 41% failed prior
to market testing. For some companies, notably chemical and pharmaceutical companies,
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this risk is not only worth taking, but is the basis of their industry. A pilot study undertaken
for this thesis showed that one major pharmaceuticals company had 2,000 R & D staff
which represented nearly half of its personnel. This was justified by the potential return
on cornering a medical market which in one case was worth £4 billion.

For many others, however, technology 1s needed for upgrading products and processes
and the potential cost of in-house development, especially when a return 1s calculated,
prohibits much R & D activity. Again, the pilot study uncovered one medium sized
traditional engineering company which gave two almost contradictory reasons for not
doing its own R & D work. One of its main markets, machinery, was perceived as being
extremely conservative and their basic product design was many decades old. Conversely,
one of its other machinery markets was changing annually due to the constant improvement

in the computer technology used in the product control systems. Since they are basically
an engineering company and not an electronic company, they cannot hope to compete in

thisarea. Like many other companies they rely on component and control system suppliers
to keep pace with the electronics technology.

This probability of failure within any research activity is further compounded by the
inevitable time lags between a technical development and commercialisation of the final

product. Even the more practical development necessary to produce a new model of car
can take three or four years (Lowe and Crawford 1984). A major commitment to R &

D 1s a strategic decision and such commitments often single out companies who view
technology as a strategic resource (Twiss 1986).

In essence the process relies upon two levels of organisational strategy; corporate and R
& D. Corporate strategy will have to consider the general business environment weighing

up both the economic and technological pressures within the relevant markets. These
determine the necessity for technological change. Social and political pressures will

determine the context within which technological change takes place. For example, one
major UK car manufacturer questioned within the pilot study for this thesis, reported they

considered change within their organisation as evolutionary and mainly followed changes
in government legislation.

The external ‘change environment’ has then to be weighed against a specific organisational

environment. Evaluating the available resources and calculating the budget necessary to
meet the perceived needs are vital elements in determining whether internal R & D is

feasible or desirable. The resources necessary for any form of R&D include capital but
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also technical personnel. An evaluation of the existing skills base would be necessary and
some analysis of its suitability to a given area of technology, for example.

The R & D strategy needs to identify the specific technological goals required by the
organisation and how these are to be met. More technical analysis of the skills base would
be necessary as well as how this affects the type of R & D to be accomplished. Will the
R & D function include a generation of basic scientific ideas, engineering concepts or the
application of known technology, or will the activity revolve around scanning for and
evaluating technologies generated outside?

In the end, some companies will opt for the 100 % internal generation of technology and

still more will depend solely on ideas generated, and often applied previously, by others.
It 1s thus 1important now to examine some of the various mechanisms which are used by

industry to acquire externally generated technology.

2.5 The Acquisition of Externally Generated Technolog

There are anumber of alternative ways of acquiring technology other than attempting their
generation by internal research and development.

2.5.1 Contract R & D

This 1s the purchasing of research, development or testing under contract by selected
specialists. There are a number of organisations offering such services, including
universities, government research establishments, research associations, and various
private research companies. Most of these would specialise 1n a specific area of
technology: for example, the Building Research Establishment in Hertfordshire.

The advantages of contract R & D include making advanced technology accessible to
companies who have no specialists of their own. This i1s particularly useful for
organisations moving into a new technological discipline which can happen during market
srowth. Contract R & D can be considered and used as a flexible resource. Organisations
with limited resources can theretore cover a wider field of technology than would be
possible if financing their own internal R & D activity. This also allows for more effective
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utilisation of labour and capital. Theoretically, contract R & D should prove to be a method
of rapidly responding to a technological threat or opportunity where no internal response
can be mounted quickly. This does depend upon two factors however. Firstly, that a
contract organisation can be found that is already working in a relevant area. Secondly,
that a project can be agreed upon quickly and the results expected, achieved within an
agreed timetable. Given what has already been discussed about the unpredictable nature
of research, if contract R & D is to reduce the time taken to acquire technology, then the
type of research undertaken will have to be very applied. One common type of such applied
research 1s prototype testing. An example would be the use of a wind tunnel by companies
infrequently needing to test the aerodynamic qualities of the products. Large wind tunnels
are expensive to construct and are usually needed over a relatively short period for any

one design. It 1s thus common for universities or even private companies to undertake
testing of others designs.

If there are potential advantages to this sort of technology acquisition, then there are also
some important disadvantages. Firstly, the uncertainty existent in all R & D activity is
still inherent in that performed under a contract agreement. Furthermore, in all but the
most applied venture there will remain the problem of briefing, interpreting and evaluating
the results of contract research. This itself makes a number of demands on the recipient

not least of which is translation of research findings into organisationally useable language.
In many cases such analysis may itself become a time consuming and costly business. In

all events, contract R & D will still continue as the domain of the technologically aware
companies.

2.5.2 People transter

“People are one of the most important methods for transterring technology” (Roman and
Puett 1983). Professional scientists and engineers are a highly sought atter commodity
which consequently is very mobile. Such individuals, often working at the leading edge
of their fields, are repositories of potentially applicable knowledge. Transnational firms
have traditionally moved skilled personnel temporarily to subsidiaries in order to expose
them to other parts of the organisation. This might then lead to suggestions regarding
potential technological change in a subsidiary. There is of course, the possibility that the
temporarily transferred scientist might learn something which could be applied in the area
from which he came. This cross-fertilisation of ideas and knowledge, whilst of great
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potential benefit is often limited (Roman and Puett 1983). One important potential barrier
to the movement of people base knowledge between organisations occurs as a result of the
type of knowledge concerned. A scientist or engineer trained and experienced in one
discipline may have trouble adapting his knowledge to suit the demands of technological
activity in another. This anomaly is of particular relevance when considering the potential

transfer of technological ideas and practices from the defence sector to the civilian sector,
or from large companies to small companies. Reppy (1985) showed a significant
difference between defence technologies and civilian technologies. The particular
environment and technological specifications apparent in the defence industry, produce

products of a complex and advanced type. Such technology could not easily be applied
directly, or even indirectly, to civilian uses, according to Reppy. Such technology is the
work of scientists and technologists specialising in the rigours of defence requirements.
One must seriously question how easily intellectual abilities and practices can overcome
the change in the basic product philosophy between the two disparate sectors. Since there
1S 1ncreasing concern over the potential crowding-out deprivations of military R & D

expenditure, not only in financial terms but also in manpower and the potential problems
of transferable skills, serious barriers must exist to people based technology transter.

2.5.3 Co-operative/joint venturing

Co-operative technology transfer covers a number of specific transter mechanisms
including co-production, consortiums and joint venturing. Using the property rights to
a technology owned by another organisation under licence to the mutual benetit of both
organisations is another form of co-operative venture. This process, known as licensing
is becoming even more popular and many of the intermediaries studied within this thesis

use this mechanism for releasing technology. Licensing as an activity, we will discuss
separately.

Co-production occurs when two or more organtsations enter into an agreement to produce
a single product. One organisation may provide the technology whilst the other may
provide some components and the assembly plant. Such a situation 1s likely only to be
used where the end manutacturer cannot obtain the required technology through more
conventional routes such as licensing or direct purchase. All forms of co-operative

venturing require the various parties to rely to greater or lesser extent on each other. Such
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commitment is relatively rare since experience has shown that it is a difficult process to

manage.

Joint venturing is the commonly used name to describe joint research and development
projects. One would not normally expect joint ventures in the private sector to involve
the same level of risk and resource input as that displayed in the public sector (Roman and

Puett 1983). More usually, the emphasis will be on technological production or marketing
input to a relatively developed product, with the aim of ‘mutually beneficial exchange’.

It 1s worth noting that resource limitations are not the only potential catalysts for joint
ventures which may equally be driven by political or economic restrictions. For example,
several joint DTI/EEC initiatives aimed at enlarging inter-European co-operation, have
specific requirements about the number of organisations and countries which must be

involved.

2.5.4 Licensing

Licensing can broadly be described as an arrangement where a licensor, usually having
some proprietary control (eg patent, copyright, trademark or know-how) of a product or
process, gives the licensee the right of use of this property. This property right 1s usually
dependent upon some performance criteria to ensure that both parties are suitably rewarded
for their efforts. This area of technology acquisition 1s rapidly expanding and though exact
world figures are difficult to calculate it was estimated that in 1978 the global international
licensing business was worth $14 billion per annum. From 1969 - 1979 there was a four-
fold increase in the royalties received in the UK. The 1983 figures showed that the UK
have a £150 million surplus on technology royalties (all figures Roman and Puett 1983).
This surplus 1s said to demonstrate how much better the UK 1s at basic research than many

other countries.

There are many components of licensing as an acquisition method since 1t is said to have
a number of advantages over other methods. From the licensees perspective, licensing

offers the possibility of obtaining a technology relatively quickly and, dependent upon the
licence agreement, ata vastly reduced expense compared with internal or external research
development. From the licensors point of view licensing their technology can allow
financial rewards to be recovered from market sectors that they would otherwise not have
been able to reach. To this end non-exclusive licences are now a common approach for
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many companies wishing to see their technology exploited across a number of industrial
sectors or geographical locations.

Licensing is perhaps the major mechanism of technology transfer favoured by the types
of intermediaries being studied in this thesis. Licensing has the advantage that the co-
operation required between the two parties can be varied to suit the needs of the licensee.
In this way a large company may simply buy a licence for a technology almost as it buys
a product 1n that little co-operation 1s actually undertaken between the two parties.
Conversely, licensing would also allow a much closer relationship between two parties
where 1t was telt that the licensee required additional help to effectively use the licence.
Companies such as Pilkington Glass in the UK have used the licensing of their float glass
manufacturing process to effectively control glass production worldwide. By offering
non-exclusive licences to all potential companies in their market, and by charging an
appropriate fee for the use of that licence, Pilkington have been able to obtain returns on
their original R & D investment in a way that would have been impossible if they had
wished to remain the sole user of those property rights. However, licensing 1s not without
its problems. Many of these problems stem from the licence negotiation process which
may involve agreeing a suitable uptront payment by the licensee as well as tuture royalties

from the patents use. During such negotiations conflict often occurs between the two
parties since the licensor often seeks to receive return on his investment as soon as possible

whereas the licensee will be looking to prove the usefulness of the licence technology in
the marketplace before committing himself to royalty payments. Deriving a balance

between these two opposites, constitutes the fundamental problem 1n licence negotiation.
Despite this potential for conflict, licensing is, and will no doubt remain, the prime

mechanism used by intermediaries in technology transter.

2.5.5 Literature

Literature consisting of books, technical and professional journals, trade magazines,

specialist newsletters and research documents are undoubtedly a useful source of
information for many industrial organisations. At one end of the scale i1t can help to keep

track of the products offered by competitors and on the other may allow the acquisition
of knowledge and techniques necessary to overcome specific problems. Unfortunately,
there are a whole host of problems with promoting the movement of technology by

literature.
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There is now so much literature available to industrial organisations that its surveillance
must be on a very selective basis. Thus a company specialising in pre-moulded plastic
might limit its ‘company library’ to literature dealing specifically with polymers and
plastics. In doing so, it limits the potential acquisition of relevant knowledge from other
fields and disciplines. If such a company chooses to throw its net wider, then the amount
and scope of literature covered may become a problem. Literature takes time to read and
for 1ts implications to be properly analysed. Since this process will require a company’s
most technologically skilled personnel there is always the problem that such staff will
spend large amounts of potentially fruitless activity. Such an occurrence may be

acceptable to large companies with the time to consider the future, but is unlikely to be
possible in smaller organisations. Further, a wider analysis of literature requires staff with

a correspondingly wider knowledge. This could be achieved by acquiring more widely
qualified statf or with the addition of more specialists. Again, such expense on a purely

speculative venture 1s unlikely in SME’s, other than those specialising in areas of leading
edge technology.

Finally, appropriate literature-based knowledge has to be recognised, assimilated,
developed and applied before an end productis produced. This process can be demanding,

time consuming and expensive and will therefore only be applicable if future needs and
not present problems are the force for change.

2.5.6 Education

“The most obvious but perhaps the least discussed vehicles for technology transfer are
educational institutions” (Roman and Puett 1983). Education, by detinition, 1s a process
of imparting information and its potential application from one individual to another.
Technologically based information 1s no exception and will be imparted as a matter of
course with both general and technical education.

The issue of matching educational and industrial requirements 1s complex and not the
subject of debate here. However, comment should be made on obtaining qualified staff
and training as means to technological updating. The employment of graduate and post-
graduate personnel will equip an organisation with staff able to understand and use
fundamental concepts and techniques. Where an organisation is not able to enhance their
knowledge by internal R & D activity, staff will rely heavily on literature, educational
updating or may not seek to keep fully up to date with technical advances. Educational
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Institutions often take a considerable period to translate newly acquired knowledge into
taught courses. Therefore, the employment of qualified staff does not automatically lead

to the acquisition of technology transfer. Ensuring statf are acquainted with leading edge
knowledge may require a continuous process of education through training.

2.5.7 Technical consulting services and intermediaries

Consulting services cover most aspects of business from staff training on a new
wordprocessor, to the implementation of advanced production processes and product
design, to marketing strategy. Government initiatives under the control of the DTI have
targeted small and medium size enterprises for consultation services. A range of facilities

are being supplied tfrom support for marketing to the identification of technology based
organisational problems.

Potentially, consultancy has advantages over other methods of technology transfer, since
the transfer process 1s supported. That 1s, that consultants can potentially provide both
access to technology in the first instance and transfer an implementation procedure in the
second. In addition they are in a position to analyse whether the technological solution
being sort by an organisation actually retlects the true nature of the problem. One of the
aspects of technology transfer which frequently raises its head concerns the 1dea of the
articulation of need by organisations. There 1s growing belief that tar too often companies
identify problems without analysing their cause, and theretore fail to realise the true nature
of the problem. (T. Kakabadse 1983). Unfortunately, many consultants are too keen to
take a particular job and are not prepared to question the problem given to them and hence
fail to notice, or choose to ignore more important issues (H. Ford 1974). Not surprisingly
people are becoming more sceptical of these modern day “witch doctors” (J. Peet 1988).

Despite these problems, the technological consultant has the potential to transfer
technology in a number of ways:

(a) Specific technology based consultancy - advising on purely technological matters to
address well identified and specitied technological problems.
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(b) Technological fix - taking a technology based problem and identifying potential
technological solutions.

(¢) General consultancy - analysing an organisation, identifying problem areas and
formulating problem solving strategies. Technology transfer would not be a necessity of

such consultancy, since the consultant may decide that the fundamental problem is not one
of technology.

How ever a consultant operates he has the advantage of being able to offer company

specific solutions, taking account of the particular needs of his client, the provision of an
appropriate solution and a vehicle by which to implement that solution.

Obviously, consultancy services can be seen as just one form of technology transfer
intermediary. Indeed, many of the intermediaries working in technology transfer at the
present time would consider themselves to be in effect technology consultants. However
a fundamental difference between the two groups of organisations is that intermediaries
1in general have access to a source or sources of technology directly. A technology

consultant would 1dentity a technological problem and then search for a potential
technology solution, 1n doing so he may well turn to other intermediaries to source the
required technology.

Since many of the activities of technology consultants and intermedianes will be 1dentical
1t solves no useful purpose to try and draw an arbitrary ditference between two groups.

Therefore, for the purposes of this thesis technology consultants and intermediaries will
be seen as a homogenous group. What will also become clear 1s that many technology

consultants are in a far better position to affect successtul technology transfer than many
of their larger intermediary cousins.

2.6 Oreanisational Structure and Technological Change

Whilst an indepth study of the organisational structures associated with the successful use
of technology, it is not the primary focus of the approach taken here to technology transfer,

it is appropriate to comprehend something of the effect of internal structures on such

Processes.
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This section, therefore, reports the results of nine major research projects related to factors
associated with successful innovators and technically progressive firms:

Rothwell 1974: Szakastis 1974: Carter and Williams 1957: Myers and

Marquis1969: Langrishetal 1972: Hayvaret1937: Schock1974: Uttback
1975: Rothwell 1976.

2.6.1 Factors Associated with Successful Innovation

The contribution of good and efficient internal and external communication was found to
be a very important factor in successful innovation. Indeed, this was one of only two areas
in which there was complete agreement between the nine studies. Good communication
links with outside scientific and technical establishments were found to be important, as
was deliberate ettorts to survey potentially usetul externally generated 1ideas. Successtul
innovators were found to have effective collaboration with outside agencies, particularly

customers, and wherever possible to collaborate with these potential users at an early stage.
This allows for a good understanding of user needs, appreciation of the operating

conditions of the innovation, and affords the opportunity for pre-launch tnals.

These findings have an important implication for technology transter intermediaries whose
task often concerns the implantation of technology into an organisation tar removed tfrom

that which produced it. Obviously, there 1s no reason why externally, and separately
generated, technology should not be incorporated into a new organisation in direct

response to a well articulated demand from that organisations customers. However, much
of the input from the recipient and customers found to be a positive factor in successful
innovation would be potentially absent. Such problems will, of course, be very dependent
upon the recipient organisation and especially the technology under consideration. It 1s
not correct to say that some technologies are easily transterred and others are not. The
transfer ability of the technology would be heavily dependent on the resources the recipient

and often the transferer, can bring to bear in order to facilitate the exchange.

A comprehensive understanding of marketing and user needs 1s the second area of total
agreement and seems to be the most crucial factor in determining success. The majority

of successful innovation (75%) 1s need - pull related rather than technology - push
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(Rothwell 1977). Where the technical potential for innovation already exists, then
successful innovators determine a ‘need’ exists first before proceeding with a project. It
1S very important to determine user needs first so that these may be incorporated into the
design. Failure to determine such needs have been associated with a ‘we know best’
attitude in many innovators.  Again, this can have major implications for some
Intermediaries, especially those with a large proportion of university or private innovator
generated techno<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>