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ABSTRACT

The conceptual background to this thesis involves
an examination of the interrelationships between techno-
logical change, innovation and research and development,
and the impact that they can have upon national economic
growth and development. Research and development inves-
tigations can be translated into product and process in-
novations and these can cause short and long term struc-
tural changes. Such impacts are differentiated tempor-
ally and spatially because of the selectivity of the in-
novation diffusion-adoption process.

These relationships can be examined in a more con-
centrated way by looking at the role of research and de-
velopment upon New Zealand's industrial growth. Research
and development has already contributed significantly to
agriculture and, if manufacturing industry is to become a
major component of New Zealand's growth, the potential im-
plicit in the greater application of industrial research
and development must be considered. The analysis of re-
search and development involved looking at two groups of
organisations; individual manufacturing firms and re-
search associations, It was hypothesised that manufac-
turing firms in New Zealand are essentially concerned with
adopting and adapting overseas technology, and that re-
search associations are primarily concerned with improving
the efficiency of their industry.

Research anﬁ development in manufacturing firms was
firstly examined generally, with a look at staffing and

expenditure-figures and the variation in programme emphasis
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among firms,. The sectoral perspective of research and
development activity looks at interindustry variations
and the influence of firm size upon the type of work un-
dertaken., A four-fold classification of firm organisa-
tion was proposed and it is possible to see hbw the pro-
gramme emphasis and the criteria for project selection and
research and development expenditure varies accordingly.
The linkage impacts generated by research and development
are also examined. Examples of growth impacts generated
by technological and capital goods linkages and the phe-
nomenon of spin-off firms are also discussed. At all
times the spatial dimension of these processes is presen-
ted so that some idea of the diffusion of the impacts as-
sociated with research and development can be gained.

The analysis of research and development activity in
the research associations proceeded in a similar manner.
The particular emphases of the research and development
programme were examined, along with the sources of pro-
ject ideas and the criteria considered in their selection,
Any locational and linkage impacts that may be generated
were also examined. Emphasis was given to the nature of
the interaction that occurs between member firms and the
research associations, and to the accountability that the
associations have to the industry they serve. Once again
the spatial dimensions of the processes examined have been
presented.

In conclusion, it was determined that the industrial
research and development activity carried out in indivi-
dual manufacturing firms and in the research associations

does make a positive contribution to New Zealand's indus-



iv
trial growth. Product ranges can be diversified, produc-
tion techniques can become more efficient, new firms may
be created and general industrial growth ensues. Re-
search and development, as part of the more general phe-
nomenon of technological change, can certainly contribute
to New Zealand's industrial and economic growth and devel-

opment.
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Chapter One :

TECHNOLOGICAL CHANGE, INNOVATION AND

REGIONATL DEVELOPMENT

Technology, and the nature and rate of its change,
is accepted as a significant factor influencing national
and international welfare and economic progress. The
condept of technology is central to this thesis because
of its critical interrelationships with the processes of
innovation and of research and development. A typical
dictionary definition describes technology as 'the sci-
ence of the industrial arts'. Other interpretations, sﬁch
as that of Galbraith (1967), suggest a practical emphasis.
Galbraith sees technology as 'the systematic application
of scientific or other organised knowledge to practical
tasks?, (Galbraith, 1967, 13). This definition is useful
for it points to a distinction between science and techno-
logy. Science represents the objective body of knowledge
which has been accumulated and organised by systematic study
and, as such, is concerned with understanding. Technology
is concerned with practicalities and utility, and can be
therefore regarded as the embodiment of science in a set
of techniques.

This interpretation can be extended further to relate
technology more closely to production, Technology can be
seen as délimiting the spectrum of available techniques
that define the various combinations of inputs which will
yield any given output, Thus technology is included,
along with labour and capital, as a component of the pro-

duction function, This gives some indication of the mul-



tidimensional nature of techhology and the impacts that
any changes in its state may have, Technological change
can cause positive or negative fluctuations in production
output and general economic growth as a result of its in-
fluence upon demand patterns and/or productivity levels.

Technology is never constant because of its direct
dependence upon the state of knowledge. As knowledge is
extended, the potential for new technological developments
is enhanced and, from these, short or long term economic
growth forces may ensue. The growth of technological
knowledge is essentially an increase in knowledge about
useful goods and how to produce them. This increase will
be in one of two forms: either what was known before be-
comes more widely known or knowledge never known before is
provided.

This suggests a basic dichotomy about the nature of
technological change. Change may be 'evolutionary', con-
sisting of gradual improvements over time, or it may be
'genuinely innovative', creating quite unexpected and un-
anticipated opportunities. The first type of change allows
the production of thé same good at a lower cost, or more
of the same good at the same cost, This means that tech-
nological change might result in improved cost efficiencies
and profitability levels, at least in the short run. The
second type of change may result in the introduction of a
hitherto unknown product, possible culminating in the es-
tablishment of a new singleproduct industry. In this case,
technological change has altered the industrial composition
of the economy concerned and caused major structural changes.

This distinction in the intensity of technological
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impact is an important one. In the short run technologi-
cal change may induce a 'round-of-growth'! as a result of
changes in cost efficiencies similar to those proposed by
growth pole theorists, In the long run technological
change is responsible for deeper structural changes within
the economy. (Kuznets, 1966; Thomas, 1969, 1972, 1976).
In both instances productivity levels have been altered in
a positive direction. From this it can be seen that tech-
nological change has important ramifications for the compe-
titive position of economic activities of all scales, rang-
ing from an individual plant to the national economy.

It must be recognised, however, that the impacts of
technological change relating to, say, the firm's competi-
tive position need not necessarily be beneficial. Burns
(1934) acknowledged this when he suggested that technical
progress is 'Janus-faced'. Technical progress, or techno-
logical change, causes changes in relative competitive
strengths and increases the possibilities for industrial
growth. Such improvements in a given firm may tend to stim-
ulate development. However, improvement in a competing
firm will have the effect of checking the development of the
original organisation. Burns contends therefore that the
progressiveness of general industry has caused retardation
in the growth of particular industries. It is important
to realise that technological change may have such second-
phase consequences. (Bauer, 1969; Bright, 1968),

Technology is an important variable in the process of
economic growth and development. (Solow, 1957). Inter-
nationally there are two different attitudes to technology,

depending on the particular country's level of development.



In so-called 'developed' countries technology is designed
to be labouwr-saving, as labour represents a major factor in
the cost structure of any economic activity. By contrast,
the emphasis in 'developing' countries is on other attri-
butes of technology. Labour is a comparatively free re-
source. Any technological changes introduced are required
to be conservative of such production factors as capital
and entrepreneurial skills, These differences in techno-
logy requirements are reflective of an international tech-
nological gap, and they also show the need for careful in-
tegration of the general characteristics of technological
change into the peculiar local environments.

The process by which technological change effects
structural changes and thereby alters industrial growth has
been outlined. This type of process represents the way in
which technology can affect economic growth and development
at both national and subnational levels., Once again tech-
nological gaps, differences between actual and potential
production capacity, are present, The more rapid and the
more efficient the process of technological transfer, the
greater will be the benefit that might accrue to the adopter
of the new technology. This idea can be more readily ap-
preciated by examining the related concepts of innovation
and innovation diffusion,

INNOVATION AND INNOVATION DIFFUSION

Innovation represents the process by which new pro-
ducts and new techniques are introduced into the economic
system. It is the application of an invention, where in-
vention is defined as a new combination of available know-

ledge designed for practical use in production. The two
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significant features of an invention therefore are its nov-—
elty and its potential utility, The relationship exists
such that an invention causes, or is caused by an advance
in the state of technology and, on application in a tech-
nical and economic environment, the invention is transmuted
into an innovation. The advance in technology can be either
a result of evolutionary improvements in production tech-
niques, perhaps within an individual firm, or it can be due
to the creation of new knowledge. It is-as a part of these
causes that research and development can be integrated into
the overall framework of technological change and innovation.
Innovations are of three basic types. They may in-
volve a technological change in the form of a new product
Or a new process, or they may involve an organisational
change, perhaps in the form of new management practices
within a particular economic entity. Product and process
innovations are by nature capital embodied forms of tech-
nological change. They require capital investment before
they can have an impact economically. A new product in-
novation may in the long run stimulate the development of
a single-product industry, while a process innovation may
influence a number of technologically linked industries.
Rosenberg (1963) has examined this type of phenomenon in
the capital goods industry of the nineteenth century.
Process innovations in this industry led to related tech-
nological responses in the form of product, process and
organisational changes in a number of industries. This
is conducive to a process of technological convergence.
Organisational innovations are a disembodied form of

technological change. They represent alterations in the



organisational structure or hanagement practices of the
firm or industry and, even though they do not necessarily
require capital investment, serve as an important means of
enhancing the efficiency of production and permitting fur-
ther productivity gains. Innovations, therefore, repre-
sent new contributions to existing products and processes
bring about productivity gains, and may even be expfessed
in the creation of completely new industries, thereby crea-
ting important structural changes within the economy at
large.

Any impact that an innovation may have is directly
determined by its rate of diffusion and adoption, Inno-
vations need to be accepted into production systems for
them to realise any actual benefits. An innovation has a
number of characteristics which influence the ease of its
adoption. (Rogers, 1962). Firstly, the relative advan-
tage of the innovation over the present product or tech-
nique must be established. Secondly, compatibility of
the innovation with existing values and the previous ex-
periences of the adopters can influence the speed of adop-
tion. The complexity and the divisibility of the innova-
tion are two further considerations. Divisibility may be
interpreted as the degree to which an innovation can be
tested on a limited basis. If the innovation requires
large scale capital investment before the relative advan-
tages can be appreciated, this is likely to inhibit the rate
of adoption., Finally, the communicability of the innova-
tion can be important. In 'developing' countries, for
example, the visibility of results, perhaps of new high-

yielding rice varieties, can be a significant factor in



determining the adoption rate of the innovation,

Apart from the characteristics of the innovation it-
self, the external economic and social environments are
also relevant. The state of the overall economy may effect
adoption rates. If an industry is operating at full cap-
acity during a boom period there may be little incentive
for management to make introductions.. If a trough situa-
tion is prevalent, however, pressure to innovate may be
strong. (Mansfield, 1968 b), The market structure of the
firm or industry involved is also important. It is gen-
erally accepted that there is a threshold effect implicit
in the diffusion process, whereby organisations below a
certain size will find it uneconomic to become adopters.
Similarly, social variables, such as the educational level
of the people and their attitudes to change, also exercise
some influence upon the rate of innovation diffusion.

The diffusion process varies both temporally and spa-
tially. Temporally, an innovation is initially adopted
by only a few. With improved information accessibility
the numbers will increase until a saturation point is reached.
Eventually the users of the innovation will decrease. This
is due either to diminishing returns from the innovation,
perhaps as a result of cost increases in one or a number
of its inputs, or to diminishing utility, a response per-
haps to changes in demand.

The spatial component of the diffusion process is
dependent upon the particular type of innovation. Peder-
sen (1970) categorises innovations as household or entre-
preneurial. Household innovations, such as consumer dur-

able goods, spread among private households and might be



accepted equally by all groups of the population, They
tend to diffuse in a wavelike, spreading motion across space.
Diffusion occurs from one point to the next with distance
and relative location being the critical variables.

Entrepreneurial innovations differ from household in-
novations in three basic ways:

1) Entrepreneurial innovations usually involve a
higher risk, economically, socially and politically.

2) The adoption of an entrepreneurial innovation is
competive and subject to a threshold effect in terms of
town size.

3) Entrepreneurial innovations are often only adop-
ted once and diffuse from town to town in a discontinuous
fashion.

According to evidence presented by Pedersen entre-
preneurial innovations tend to diffuse in a pattern simi-
lar to the structure of the urban hierarchy. It is sug-
gested that the largest urban centres tend to be exposed
to the innovation first because they have 'the highest ex-
change of ideas, people, and products with other cities in
the country and with cities in other countries! (Pedersen,
1970, 207). Progressively the entrepreneurial innovation
is transmitted from these largest centres and channelled
through the urban hierarchy until it reaches a threshold
level., (Berry, 1972).

Such an hierarchical diffusion pattern does not ap-
pear to be as applicable when considering product and pro-
cess innovations in the manufacturing sector. Diffusion

of a manufacturing product or process will almost certainly

be concentrated in the urban areas because, apart from some
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primary processing activities, this is where the majority
of manufacturing enterprises are located. But diffusion
does not necessarily occur down the urban hierarchy. In-
stead the pattern is more closely tied to other variables
such as industrial distribution and organisatibnal struc-
ture. (Thomas and Le Heron, 1975). If a process is de-
veloped and is apﬁlicable to only a narrow range of indus-
tries, then the extent of its diffusion will be limited
and will probably take place independent of the urban hier-
archy. Similarly, a new product may be developed in a
branch plant located in a secondary urban centre. This
product will diffuse through the other divisions of the
firm's organisation, located probably in both secondary
and metropolitan centres. Further, adoption or adaption
of the product may occur among competitors and further
diffusion waves will be set in motion. Thus, the pat-
terns outlined for household and entrepreneurial innova-
tions do not appear to be relevant, for the diffusion of
manufacturing products and processes is better related to
industrial and organisational structure, Developments
of new products and processes within the manufacturing
sector leads to a consideration of research and develop-
ment activity.
RESEARCH AND DEVELOPMENT

Research and development is an activity designed to
ascertain the feasibility of prospective innovations and
thereby to plan the adoption of new technology. It covers
a broad spectrum of activity that can be subdivided into
three distinct, although not definitive, categories. Re-

search, the process of adding to total, or advancing the
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limits of, scientific knowledge, can be either basic or
applied. Basic research refers to those projects which
are original investigations for the advancement of scien-
tific knowledge and which do not have any commercial ob-
Jectives. Their technical and commercial outcome is quite
unpredictable and any investment will be repaid only in
the long term. Basic research cannot be readily integra-
ted into the goals of an individual firm because of the
high degree of uncertainty involved. There is therefore
little incentive for the firm to engage in this type of ac-
tivity as no immediate competitive advantages can be gained.,

Applied research projects are those investigations,
for either products or processes, having specific commer-
cial objectives in mind. It is in this area that much of
the firm's competitive strength lies. The quicker the
technical and commercial feasibility of the new product or
process is established, the sooner the firm can introduce
such an innovation into its production system, This will
give it a 'lead time' advantage over other firms, during
which it may be in a temporary monopoly position. This
ability to take advantage of the lead time factor is re-
lated to the differential scientific or innovative recep-
tivity of various firms and industries. An innovation
may not be as readily applicable to the production environ-
ment of one firm as it is to another,

Applied research selects those projects which have
the greatest perceived potential and it is development, a
more carefully directed and supervised process, which trans-
lates this potential into economic reality. The develop-

ment process is important in bridging the gap between the
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technical side of the innovation and the management of its
adoption. Irrespective of the inherent potential of an
innovation, its commercial introduction must be carefully
timed and managed. This 'coupling' process between the
technical and marketing divisions of an organisation is
critical. (Ansoff and Stewart, 1967).

Any research and development activity must eventually
be integrated into the overall goals of the organisation.
Accountability for the expenditure of finance on research
and development is necessary and the general economic wel-
fare of the organisation must always be considered. Re-
search and development, therefore, is an activity that pro-
vides opportunities for investment in different products
and processes that have evolved from changes in technology.
Once the research and development phase has been transla-
ted into an innovation then, through its sectoral and spa-
tial diffusion, potential for growth is created.

INNOVATION AND INDUSTRIAL STRUCTURE

Now that the interrelationships between technology,
innovation and research and development have been examined,
it is necessary to integrate the three concepts into a spa-
tio-temporal framework. Technology, and hence technolog-
ical change, is a universal phenomenon which is apparent
in varying degrees depending on the prevailing social, eco-
nomic and political environments, For any given country
-the present state of technology, é factor critically in-
fluencing its level of development, is a combination of that
which has been produced internally and that which has been
introduced from overseas, External forms of technology can

either be adopted per se or adapted in some manner to facil-
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itate better compatibility with the local environment.

Innovation is the key factor in this process of develop-
ment because it represents the embodiment, either with or
without the expenditure of physical capital, of technolog-
ical change and/or research and development, Thus, a
more explicit examination of the role of innovation in the
development process, at both national and regional levels,
is important for the conceptual background of this thesis.
Perhaps the first writer to assign innovation a posi-
tive role in the process of development was Schumpeter.
(Ruttan, 1971). His ideas formed the basis for Perroux's
work and, hence, for the theories of growth pole literature.
Perroux claims that economic development resulted from the
adoption of innovations. (Perroux, 1971). An innovation
in one dominant industry can be followed by innovations in
several subsidiary lines. Such a group of related innova-
tions can be manifested in the clustering of industrial
organisations within geographic space, which means that spa-
tial or regional imbalances are created. This type of pro-
cess implies that there are interrelationships between the
process of technological change, including any subsequent
economic growth impacts, and the geographical use of space.
Because the innovations resulting from technological change
are not diffused uniformally, either over space or time,
geographical space will be differentiated in accordance with
the selectivity of the diffusion - adoption processes. It
is in this way that innovations are seen to create or cause
regional imbalances within the national growth and develop-

ment process.

Tt is suggested that innovations have caused industries
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to cluster in geographical space. The presence of these
so-called 'sectoral clusters' is the result of a preceding
innovational cluster. Innovations, it has been established,
are discontinuous in nature. If, in terms of Perroux's
ideas, an innovation in a major industry or firm caused sub-
sequent minor innovations within related establishments, a
group of industrial units could quite feasibly cluster at
the same locational point. This is because production com-
plementarities and indivisibilities will soon develop be-
tween the various establishments. Thus sectoral clusters
are seen to have been preceded by innovational clusters;

As the rate of technological change is accelerating, it is
possible that future innovations will occur in faster and

tighter clusters, meaning that the spatial landscape will

become increasingly differentiated. (Lasuen, 1973).

The organisational component of industrial structure
has also been subject to the impact of innovations., Orga-
nisational innovations, whichare disembodied forms of tech-
nological change, may include features such as new struc-
tural relationships within firms, new operating processes,
and new planning and policymaking procedures. Technolog-
ical changes in communication and transport techniques have
resulted in the greater integration of business units at
all levels of economic activity, regionally, nationally,
and internationally. The increase in complexity of cor-
porate company structure reflects this reorganisation that
is taking place in the business world. Small regional com-
panies are amalgamating with others, thereby broadening
their range of activities. National companies may become

multiplant operations, with the administrative functions
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tending to be concentrated in the largest centres and the
manufacturing operations dispersed among the secondary cen-
tres. Further, the multinational corporation will have
it? headquarters in a large international centre, while
fh;;T various subsidiaries are operating with differing
degrees of autonomy among the secondary centres of the world.
Communication and transport innovations are occurring at a
faster rate and, with the closer integration of organisa-
tions throughout the world, their rate of diffusion and
adoption is also accelerating. This suggests that the
multinational corporation and its subsidiaries might, at
least in the future, play an increasingly significant role
in determining the industrial structure of 'technologically-
adaptive' countries such as New Zealand (Deane, 1970).

Research and development activity is increasingly be-
coming an integral part of corporate activity. Product
ranges are continually being extended and diversified and
production processes are becoming more efficient. The
need for these corporations to remain compe{;ve means that
they must keep abreast of the latest technological advances.
However it is still not easy to apticipate exactly what im-
pacts such changes in organisational structure will have.
In the words of Tornqvist (1970, 129-130):

The organisation of today lives in an environ-
ment which is changing very rapidly and which
promises to become increasingly complex. As

the different parts of the economy and of society
become more and more interwoven it is extremely
difficult to predict the exact effect of tech-
nological progress.

From this discussion it is suggested that the two
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basic effects of innovation upon industrial structure have

been in the development of sectoral clusters and in the
changes in organisational patterns typically associated
with the industrial scene. Because the activities invol-
ved in industrial processes are primarily urban phenomena,
It i now possible to outline the way in which innovation
diffusion and adoption have influenced the process of de-
velopment and the system of cities that evolves in any one
country.
ECONOMIC DEVELOPMENT AND URBANISATION

While technological change is a continuous phenomenon,
innovation is not. It is discontinuous and tends to occur
in clusters, An innovation in one situation may cause
'spin-off' or demand responses which can accumulate in a
number of second order, subsidiary innovations. These
clusters of innovations occur both in space and over time,
and it has been suggested that development and urbanisation
patterns represent the spatial and temporal traces of the
process of innovation adoption (Lasuen, 1973). The pro-
cess of development, like that of technological change, is
continuous and international, and the extent of development
can be related to the rate of innovation adoption. A
'developed' country has a fast rate of innovation adoption,
while lesser developed countries find adoption a much slow-
er and more difficult process because of constraints that
exist in their social, economic and political systems.
Over time the level of development of any country is close-
ly related to their ability to integrate innovations into
their individual environment and to adapt quickly to the

accelerating rate of technological change. For a country

-
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such as New Zealand, where indigenous sources of innovation

appear to be comparatively minor, a clear understanding of
the international process of innovation generation and dif-
fusion is vital,

By contrast the urbanisation process is a national one
and its pattern varies according to a number of factors,
such as history, size and characteristics of the population,
and the extent of government influence, Nevertheless the
process of innovation diffusion-adoption has exerted some
influence on the development of a country's urban system.
The process of urbanisation began in response to a number
of technological changes particularly within the agricul-
tural system, until gradually a system of cities has evolved
in each country, each city developing in response to a spec-
ialised function or some other initial advantage resulting
from peculiar site-situation characteristics. (Pred, 1966).
The city system has developed as part of the general pro-
cess of technological change and, more specifically, each
component of the system is differentiated from the others
according to the selectivity of the innovation diffusion-
adoption process. Hence, the relative position of an in-
dividual city within this urban hierarchy structure is a
result of the extent of its participation in past innova-
tional clusters. This relative position, plus the parti-
cular industrial composition, will also determine future
participation. Once an urban system is established it
conditions the acceptance of new innovations and the intro-
duction or expansion of sectoral clusters. Hence the con-
clusion that 'technology's main impact has been to streng-

then the preexisting hierarchical and functional order of
the urban sygtem'. (Lasuen, 1973, 176).
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The geographical concentration of firms and indus-
tries has always been an obvious feature of the economic
system, Sectoral clusters, developed in response to pre-
ceding innovational clusters, have caused the concentra-
tion of economic activity in spatially differentiated geo-
graphical clusters., These clusters have exhibited dif-
ferential rates of growth, have different structural char-
acteristics, and have eventually stabilised into the for-
mation of an urban hierarchy or system of cities.

The pattern of city development will in the future
probably be increasingly affected by the second type of
change in industrial structure caused by innovation; that
is, by the expansion-of companies having a corporate struc-
ture. A significant locational characteristic of these
corporate organisations is that they are, at least for
their administrative functions, concentrated in the largest
cities (Torngvist, 1970; Pred, 1973, 1975). Such a mul-
tiplant, multiproduct corporation is part of the 'quater-
nary economy' and access to highly specialised services
and their specialised information requirements restricts
the diffusion of these administrative functions lower down
the urban hierarchy. Such concentration means that the
largest centres will be able to benefit from the new orga-
nisational innovation while the smaller, more peripheral
centres are again at a disadvantage. These administra-
tive functions depend upon the employment of 'contact-
intensive' personnel, which can create important multiplier
benefits for the larger centre, both in terms of income and
employment (Torngvist, 1970).

It must also be recognised that other rounds of mul-
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tiplier impacts are also involved. These are associated
with the manufacturing operations of the corporation which
are not necessarily concentrated but tend to be dispersed
among a number of regional centres. These activities pro-
vide employment and income multipliers for the regions con-
cerned. Any expansion in the level of general activity,
whether it originates from the headquarters or from a man-
ufacturing plant, will promote growth in both types of cen-
tres. For example, a new product or process development
that occurs in a branch plant will mean that non-local mul-
tipliers may also arise from the adoption and diffusion of
this growth-inducing innovation by the other divisions of
the organisation. Consequently, economic interdependen-
cies between cities may be extended which helps to increase
the integration of the overall space economy (Friedmann,
1966, 1973).

The structure of a geographical cluster, in terms of
its industrial composition and its position in the urban
hierarchy, obviously affects the degree of its involvement
in the innovation process. Because innovations are being
generated at an accelerating rate, and because the time lag
between diffusion and adoption is being reduced, the process
of growth and development is becoming increasingly differ-
entiated. Growth appears to be occurring‘most rapidly in
the largest centres where international contact levels are
densest and the spatial biases associated with specialised
information are favourable, (Pred, 1973, 1975). However,
in the smaller centres lower down the urban hierarchy the
rate of innovation adoption is thought to be slower and

consequently the extent of development comparatively less.
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An understanding of the regional imbalances implicit in
the innovation process, and which develop from the differ-
ential receptivity of both industry and region, is criti-
cal if any attempts are made to alter the present patterns
and processes of regional development in countries such as
New Zealand.
REGIONAL DIMENSIONS OF INNOVATION

Such imbalances exist on two different levels within
the national context. Unbalanced growth occurs in the in-
terregional and intraregional systems. Both these differ-
ences have developed as a result of spatial and temporal
variations in the innovation diffusion process. A region's
ability to generate innovations and to adopt those intro-
duced first elsewhere is dependent on its industrial and
organisational structure. Manufacturing innovations dif-
fuse according to the industrial orientation of firms, and
follow the diverse patterns of intraorganisational and inter-
organisational communication channels., Some firms act as
'technological gatekeepers' (Allen, T.J. 1971) and parti-
cipate actively in the innovation diffusion-adoption pro-
cess, while others are content to assume a more passive
role. (Carter and Williams, 1957).

The diffusion of the innovation can be constrained
by threshold limits; after a particular city size is rea-
ched adoption of the innovation may be no longer feasible,
Perhaps the size of the market is too small to offset the
costs of introducing a new product or the scale of economic
activity may not be large enough to justify the alteration

of, say, a production process. Further constraints te #he
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to the diffusion of an innovation can be expected. For
example, there may be a lack qf the entrepreneurial or tech-
nical expertise so vital for the introduction of an inno-
vation. Bottlenecks may arise within the production or
distribution systems. The extent of diffusion may also
depend upon the origin of the innovation, Developments
within a government sponsored research organisation tend to
be more widely disseminated than those issuing from private
companies. Such a range of factors reduces the ability

of a region to accept external innovations and it is in this
way that a region's industrial and organisational structure
so critically affects its participation in the national de-
velopment system,

Perhaps the greatest positive advantage that a region
can have in relation to innovation adoption is the existence
of agglomeration economies., (Richardson, 1973). These
economies can enhance the rate of productivity and techni-
cal progress of an area, attract new industries and capital,
and influence the migration decisions of individuals. They
are an important element in regional growth because they
explain the reasons for spatial concentration in certain
regions and, further, in cities within those regions. Such
economies affect the concentration both of people and of
firms, which is of obvious importance in tﬁe innovation 4dif-
fusion process.

Agglomeration economies for people attract those in-
dividuals more concerned with innovating. Technologists,
research and development specialists, entrepreneurs, all
tend to concentrate in the largest centres where the avail-

ability of specialised information is greatest and the com-
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munication and information networks most efficient. Agglom-

eration economies for businesses attract the firms, the re-
search and development institutions and other corporations
that all serve to increase a region's capacity to absorbdb
innovations. The scale of these agglomeration economies
within a region is closely related to its industrial struc-
ture. Hence, there is a complexity of interrelationships
between agglomeration economies, the urban hierarchy, and
the innovation-diffusion process.

Agglomeration economies are a direct function of pop-
ulation size and, being invariably urban in character, pro-
mote the hierarchical diffusion of innovations., (Richardson,
1973). The national distribution of the people involved
in innovation appraisal and adoption, and the flow of phy-
sical capital necessary for the embodiment of technological
change are also hierarchical in nature. So too are the
formal communication networks and information channels so
vital to the process of innovation awareness and acceptance.
All this suggests that the industrial structure of a region,
particularly the development of agglomeration economies,
and the innovation diffusion-adoption process, are two vital
determinants in any process of regional growth.

Thus far, a conceptual framework has been developed
outlining the interrelationships between téchnological
change, innovation and research and development, and the
impacts that these may have, by means of the innovation dif-
fusion-adoption process, upon national development and econ-
omic growth, Such interrelationships and impacts generate
questions as to the extent of New Zealand's participation,

both present and future, in these processes. In a more
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restricted context this conceptual background can be oper-
ationalised in the New Zealand context by examining the role
of research and development in New Zealand's industrial
growth, The impact of research and development upon in-
dustrial structure and growth will be investigated as the
basic hypothesis of this thesis and, as such, it represents
one part of the more general interaction between techno-

logical change and economic growth.,
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RESEARCH AND DEVELOPMENT IN NEW ZEALAND

If the growth of manufacturing industry is to be
a major component of a balanced programme of
national development, the application of scien-
tific principles will form an essential part of
this plan.

(Brooke, 1968, 38)

DEFINITIONS

In looking at research and development in New Zealand,
the first qualification necessary is that concern is with
industrial research and development and not with the agri-
cultural component. Research and development has made ob-
vious contributions towards improving the productivity and
efficiency of New Zealand's agricultural sector and this
thesis attempts to determine what impacts industrial re-
search and development might have for the manufacturing sec-
tor. New Zealand's technological capacity is a composite
of what is produced internally and what is introduced from
overseas, by means of patents and various licensing agree-
ments., The contribution of overseas technology to the de-
velopment of New Zealand's economy, particularly in the man-
ufacturing sector, has been vital. However, the applica-
tion of overseas techniques to local conditions is often
not a routine matter due to differences in raw materials,
length of production runs, labour and market conditions.
Thus, in the long run the most desirable alternative is to
develop a more adequate internal research and development
programme,

Interest in the potential benefits that might accrue
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from research and development for the manufacturing sector
seems to have been stimulated by the findings and sugges-
tions of the National Development Conference, May 1969.
The report of the Committee on Education, Training, and
Research states the case quite succinctly:
In order to expand industrial exports and at the
same time develop a higher level of productivity
in the local market, it will be necessary to make
a considerable increase in the application of
science and technology to improve the quality
of products, to increase productivity, and to de-
velop new processes, new products, and new mar-
kets. For this purpose greatly improved scien-
tific services to industry are required.
(Report 12, paragraph57, p.30)
Further, in paragraph 67, p.34,
A basic objective is to encourage industry to
initiate more research, through research estab-
lishments, in individual firms, in industry re-
search.associations, and also by commissioning
Government and university research organisations
for specific research projects.

Research and development, when applied to industry
in New Zealand, can certainly answer many questions and sup-
ply the background information for quite new developments.
It can provide information on the better use of locally
available raw materials, It can improve the efficiency
of present process technology and the quality of existing
products. It can promote the development of new materials,

new processes and new products. All this is possible from
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a fuller application of scientific and technological know-
ledge to current manufacturing operations,

A formal definition of industrial research and devel-
opment has been provided by the Department of Trade and

Industry in their booklet, Guidance Notes for Applicants,

Industrial Research and Development Grants Scheme, (1974)

Industrial research and development (I.R. and D.)
is defined as systematic experimentation or analy-
sis in the fields of science, engineering, and
technology carried out by a company, corporation,
or person - or on their behalf by approved re-
search organisations - with the object of acquir-
ing knowledge that may be used for the purpose
of devising or developing new or improved indus-
trial products or processes or with the object
of applying knowledge for that purpose.
This definition describes the organisations that engage in
research and development and the expected results of such
work. Companies, corporations and individuals undertake
research and development in the hope that, when applied
commercially, the new or improved product or process that
has been developed will bring them a return of enlarged
markets and an increased level of income,
OVERVIEW OF NEW ZEALAND RESEARCH AND DEVELOPMENT ACTIVITY
For the purposes of this thesis, two categories of
organisations engaging in industrial research and develop-
ment have been delimited. Firstly, there are the indivi-
dual manufacturing companies or corporations that carry out
independent research and development activities as part of

their overall operation, - Certain of their staff members

-
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are responsible for developing new products, making modi-
fications to the existing product range, and for altera-
tions to the process technology used by the firm, Research
investigations, development work, testing and trials are

all carried on in the research and development department,
whether this be defined formally or informally, and the re-
sults are then integrated into the firm's more general pro-
duction and marketing operations.,

The second category can be broadly described as re-
search associations, and are all supported to some extent
by government finance, Within the Department of Scienti-
fic and Industrial Research there are four divisions engag-
ing in research and development work that is in some way
applicable to the manufacturing sector, These are the
Auckland Industrial Development Division, the Christchurch
Industrial Development Division, the Chemistry Division,
and the Physics and Engineering Laboratory, In addition
there is a Science in Industry Unit whose main role is to
co-ordinate such activities and facilitate liaison with
industrye. |

This second category also includes the research asso-
ciations that have been jointly established by industry
and government., These associations are of two types:

1) ‘Three are concerned with the processing of primary
agricultural products:

i) Dairy Research Institute.
ii) Wool Research Organisation.
iii) Meat Industry Research Institute.
2) The other seven are concerned more par ticularly

with manufacturing industries:
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i) Building Research Association.,
ii) Coal Research Association.
iii) Fertiliser Manufacturers' Research Associa-
tion.
iv) Leather and Shoe Research Association,
v) Pottery and Ceramics Research Association.
vi) Concrete Research Association,
vii) Research Institute of Launderers, Drycleaners,
and Dyers,

Excluded from the survey is the work on industrial
research and development that is carried out within the uni-
versities, any work that individuals may undertake, plus
the activities of the Cawthron Institute. This latter or-
ganisation was founded in 1920 and is the only independent
research institute in New Zealand. Its activities are or-
ganised in two sections. There is a research section which
carries out basic research in microbiology, and a chemical
services section which offers fee-charging analytical ser-
vices in chemistry and bacteriology. After communication
with the director of the institute it was felt that their
activities could not readily be analysed within the terms
used for the other organisations and so the omission was made.,

Central in the operation of research and development
activities anywhere is the role played by the government.
The government of any country must assume some responsibili-
ties in encouraging general technological innovation and
hence growth of the national economy, Technologically ad-
vanced countriés with a high degree of scientific expertise
typically spend a reasonable percentage of their Gross

National Product on research and development, Omitting
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military and defence expenditure, United States and Nether-
lands spend 2,2 percent and 2.15 percent of their Gross
National Product respectively on research and development,
as compared with New Zealand's level of 0,5 percent (New
Zealand Year Book, 1974, 239).

Although direct correlations between the proportion of
Gross National Product invested in research and development
and the national level of technological and economic pro-
gress are difficult to establish, any significant increase
in the former is likely to positively affect the latter,
(Philpott, 1973; Thurow, 1971). In a country such as New
Zealand, the government can certainly play an important
role. This may be done by investing directly in research
and development, or by providing financial and other in-
centive® for individual firms to carry out their own research
and development. In New Zealand both these strategies
have been adopted. Direct investment in research and de-
velopment obviously occurs in the case of the industrial di-
visions of the Department of Scientific and Industrial Re-
search and in the research associations, while the second
alternative is evident in the operation of the Industrial
Research and Development Grants scheme. Precise details
about the amount of expenditure by the government in these
two categories can be seen in the accompanying table,
(Table 1.1). Increasing awareness of the importance of in-
vesting in research and development is reflected by the fact
that Government expenditure has increased by more than 300
percent from 1970 to 1974.

The Industrial Research and Development Grants Act,

1970 was incorporated to promote increased industrial re-



Table 1,1: Government Expenditure on Research and Development, 1970-1974.

YEARS 1970 = 1974
Grants to
Research 1,048,499 1,385,000 1,527,500 1,631,400 5,592,399 5566
Associations
D.S.I:Rs
expenditure on - 1,573,000 1,829,000 2,149,700 5+551,700 36.6
manufacturing
I.R. & D. 202,108 749,175 | 1,156,506 | 1,246,799 | 3,354,588 516.9
Grants Scheme ’ ’ 4 ? ' 2 3 ’ =
TOTAL 1,250,607 | 3,707,175 | 4,513,006 | 5,027,899 | 14,498,687 302,03
EXPENDITURE eIV ¥ P2 $22 el BEH2 s

Source : Annual Reports, Department of Scientific and Industrial Research; Industrial
Research and Development Grants Advisory Committee.
Note : D.S.I.R. is Department of Scientific and Industrial Research;

I.R. & D. is Industrial Research and Development,

62
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search and development in New Zealand industry. Grants
are made to the companies or corporations that show an in-
crease in research and development expenditure on salaries,
wages and related payments over such expenditure in a base
year, two years previous, In assessing grant payments
above a certain level, particular consideration is given
to the effect of research and development on such factors
as the better use of indigenous resources, growth in ex-
ports and/or savings in imports, the development of inter-
nal sources of technology, and general improvements in the
productivity of New Zealand industry. Thus the scheme is
designed to provide incentives for companies in a range of
industrial groups to engage in research and development
activities, and thereby to become more active in both
national and international markets,

New Zealand's ten research associations, an example
of direct government investment, constitute a joint effort
by industry and government to foster research and develop-
ment programmes relevant to the problems of industry and
for the purposes of increasing productivity, profitability
and trading competitiveness. Those research associations
dealing more directly with the agricultural sector are com-
paratively well established, having high levels of accom-
modation facilities, equipment and qualified personnel.

The manufacturing associations are often of more recent ori-
gin and are certainly operating on a smaller scale. This
is reflected by the fact that the first three associations
accounted for 71 percent of the government's 1972-1973 grant
to research associations while the cther se ven shared the

remaining 29 percent, Possibly this ratio might alter over
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time as New Zealand's industrial structure broadens and be-
comes generally more developed.

The establishment of a research association depends
upon obtaining the agreement of a group of companies with
similar interests to combine in the support of research and
development for their common good. The prime objective of
an association is to see that its research and development
findings are translated effectively for the use and benefit
of its industry. Indirectly, member companies may be en-
couraged to expand their own technical staff and facilities,
thereby becoming more scientifically competent themselves
and hence more capable of absorbing their association's re-
sults. The productivity or effectiveness of a research
association is essentially a function of its degree of in-
volvement with industry. Although industry sets up the
research association it sometimes fails to become fully in-
volved with the work of the association. This is unfor-
tunate for without adequate interaction between the two
parties the absorption of new ideas and the willingness to
innovate may well be inhibited.

Definite advantages can result from the decision of
firms to promote research and development co-cperatively
rather than individually. Work can be conducted on a broader
and deeper range and quite likely of a higher quality.
Duplication of work can be more easily avoided, resulting
in a saving of valuable scientific and technological re-
sources. Continuity of longer term projects can also be
better guaranteed, as the research association is able to
operate more independently of external economic fluctuations,

One of the disadvantages inherent in the formation of
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research associations is that they serve only established
industries, for it is often the newly established indus-
tries that require most assistance. A certain amount of
difficuty also exists when determining the particular bal-
ance needed in an association's research programme, It
cannot become overloaded at the basic end of the research
and development continuum as companies are not usually con-
cerned with investigations having no prospect of a fairly
immediate payoff. At the other extreme, the research
association needs to avoid delving too closely into the
final product or process for it is in this area that firms
become commercially sensitive,

Despite these potential disadvantages the contribu-
tion that the research associations can make tb industry,
in terms of improvements in profitabilities and efficien-
cies, cannot be denied, and it is likely that this will con-
tinue in the future. Such an expectation is apparent in
official circles, as can be seen from the following state-
ment from the National Research Advisory Council Annual
Report, 1974, p.7:

The council is convinced .that the associations
have a vital role to play in the seventies; and
that in the almost complete absence of large-
scale private enterprise research of the type
thaf exists in larger countries, continued Govern-
ment financial support of the associations is
warranted.
This represents an outline of the way in which research
and development is organised in New Zealand and categor-

ised according to two groups, individual firms and research
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associations. Now that the subjects for the study have
been identified, attention can be directed to the method
by which the investigation was carried out.

METHODOLOGY

Research and development can be regarded as a compo-
nent of economic growth and, as such, it can be expected
to exhibit sectoral and spatial impacts. It is apparent
that research and development has been able to make posi-
tive contribution to the efficiency and competitiveness of
New Zealand's agricultural sector, so the problem remains
to determine what impacts it might have upon New Zealand's
industrial growth.

This thesis is concerned with research and develop-
ment activity that is carried out within the manufacturing
sector. Using the Department of Statistics criteria, man-
ufacturing includes registered'factories employing at least
two persons (including the working proprietor) engaged in
the manufacture, assembly, repair, or treatment of articles.
The Department of Trade and Industry definition of research
and development is followed, whereby functions such as mar-
ket research and routine quality control are excluded.
Finally, two categories of organisations involved in re-
search and development are delimited.

Work has been carried out deductively, with relation-
ships being derived from the theory and, on the basis of
these, hypotheses being developed to be tested in the em-
pirical situation. The basic premise for the thesis is
that research and development has industrial impacts.

For each research and development category a central hypo-

thesis can be formulated. Firstly, it is hypothesised
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that manufacturing firms in New Zealand are essentially con-
cerned with adopting and adapting overseas technology.

The main stimulus for New Zealand's technological, and
hence economic, growth comes from overseas rather than be-
ing generated internally., Similarly, it is hypothesised
thatmandividual research associationg &ge primandly concer-
ned with improving the efficiency of its industry. In
accordance with the basic premise and from the established
theory, different sets of relationships are examined for
the two research groups and evidence compiled by means of
questionnaire and interview surveys. (Appendices 1 and 2).
METHODOLOGY FOR FIRMS

In order to determine which firms actually carried
out research and development activity in New Zealand writ-
ten approaches were made to the following organisations:

Department of Scientific and Industrial Research.
Science in Industry Unit.

Industrial Research and Development Grants Advisory
Committee.

National Research Advisory Council,

Néw Zealand Invention Development Authority.

New Zealand Manufacturers' Federation.

& the four Manufacturers' Associations.

From the suggestions given, a list of 88 firms was
drawn up within which research and development work was
thought to be conducted. The survey and subsequent analy-
sis was conducted on a firm basis rather than at the com-
pany level for, in some instances, both a parent company
and a subsidiary firm were included in the survey and analy-

sis., From these 88 firms, 47 returns were gained from per-
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sonal visits, 15 returns were received by mail, 12 firms
proved to be not concerned with research and development,

5 firms declined to provide information, and returns from

8 firms were rejected primarily because the information pro-
vided was too sketchy. Analysis is therefore based on
information from 62 firms, a 70 percent response rate.
Included among the 8 rejections are two firms whose activi-
ties are wholly concerned with providing analytical ser-
vices, which may or may not be industrial in nature., These
firms do not fulfil the criterion of being a manufacturing
firm and so were omitted from the study.

In a supplement to November 1974, Monthly Abstract of

Statistics returns from the 1972-3 Census of Manufacturing

showed that 7.8 percent of establishments included in the
survey employed research and development staff, A total
of 1,183 people were involved fulltime in such work, which
was defined as 'research into and development of existing
and/or new products, excluding market research and similar
work on the selling and distribution of products'. From
the 62 firms analysed in the sample for this thesis there
was 490 people employed which represents a coverage of 41.4
percent. Further evidence as to the degree of representa-
tion can be gained from the 1975 annual report of the In-
dustrial Research and Development Grants Advisory Committee.
Grants approved by this Committee to individual firms in

the year ended 31 March 1975 totalled 127.' The thesis

1 Government policy dictates that the names of firms re-
ceiving grants cannot be disclosed. Hence, it was not pos-
sible to gain any information from this source when deter-
mining the firm population for the survey.
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survey covered approximately 49 percent of this figure.

From the thesis' basic premise certain hypotheses
concerning the characteristics of the firm's research and
development activities can be inferred. For example, it
can be proposed that the bulk of research and development
carried out by the firms is relatively safe from a techni-
cal viewpoint. (Hamberg, 1963). To determine the validity
of this, it is necessary to know about the relative impor-
tance of basic research, applied research, and development
activities; +the importance of developing new products and
processes as compared with modifying existing ones; and
the typical temporal dimensions of a firm's research and
development projects. Such questions Qill provide some in-
dication of the research intensity of New Zealand's firms,
their degree of innovativeness, and their willingness to
accept the long term risks involved in research and devel-
opment activity. These characteristics may in turn vary
in relation to other firm traits such as the type of owner-
ship, the particular industry group to which the firm be-
longs, and firm size,

A further hypothesis is that the nature of the re-
search and development activity undertaken may vary accor-
ding to firm organisation. A four-class organisational
structure for New Zealand firms is outlined in the next
chapter and the results of the questionnaire suggest ways
in which organisational structure can affect research and
development, This is achieved by looking at the origins
of research and development projects, by finding out how
decentralised research and development activity is in New

Zealand firms, and by looking at what factors are considered

-
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when determining the levels of research and development ex-
penditure and the selection of particular research and de-
velopment projects. The proportion of successful projects
in the market situation will also give some indication of
the degree of integration between different functional di-
visions of the one organisation.

There have been a number of investigatidns in the
overseas literature.examiﬁé the effect of firm size on re-
search and development activity. (Mansfield, 1968a; Comanor,
1967). Such a relationship is examined specifically in
one question, while other factors such as level of expendi-
ture, length of time before projects are completed, and the
research intensity of the company can be related to firm
size. From this some idea of the role of large, medium
and small firms in the innovation process in New Zealand
can be gained. The questionnaire for firms also tries to
evaluate the intensity and direction of the growth impacts
emanating from research and development. Hence, a consid-
eration of the various linkage connections of the firm, for-
ward and backward technological linkages, capital goods lin-
kages and linkages with competitors, was carried out.

Research and development activity that is conducted
in individual manufacturing firms can also be examined with-
in a spatial context. Various sectoral and organisational
characteristics have been suggested and the spatial dimen-
sions of these provide the third viewpoint for firm analysis.
The particular spatial frame adopted for this thesis has
been to differentiate between metropolitan and all other
centres. In the conceptual framework developed the inter-

relationships between the innovation process and urban and
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regional development were discussed. By introducing a
spatial dimension into the analysis, some indication of the
role of urban centres may be gained. Are manufacturing
innovations typically urban in character and how does the
significance of overseas sources of technology differ for
the different centres studied? The geographical distri-
bution of the 62 surveyed firms is summarised in Table
1424 Forty—eight of these firms are in the metropolitan
centres while the other 14 are distributed throughout the
rest of New Zealand.
METHODCLOGY FOR RESEARCH ASSOCIATIONS

The methodology for the research associations follows
the same principles as those described in relation to manu-
facturing firms, The population of research associations
is more clearly defined for there are ten incorporated re-
search associations, four industrial divisions of the De-
partment of Scientific and Industrial Research, and one
independent rescearch organisation, All of these organi-
sations were apprcached, either personally or by mail,
and returns were received from 7 of the research associa-
tions. The basic premise behind the analysis of the re-
search associations is that the organisation's primary con-
cern is with enhancing the efficiency of its industry.

This focus suggests an initial consideration of the
nature of the programmes of research carried out by the as-
sociations, and this is followed by a treatment of a number
of key questions. They are: How does the association's
orientation differ in comparison with industry in terms of
the degree of innovativeness of their projects and their

particular emphasis? How much is the research association



Table 1,2: Location Distribution of Surveyed

Manufacturing Firms,

LOCATION Number
Surveyed

Auckland | 20
Christchurch 11
Dunedin 4
Hamilton 1
Hastings 3
Invercargill 1
Marton 1
Masterton 1
Nelson 1
Palmerston North 4
Temuka ) 1
Timaru 1
Wellington 13

Source: Field Survey, 1975.
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serving as a 'technological gatekeeper', channelling the
receipt of overseas sources of technology and commenting
on its applicability to the New Zealand context? What
factors assume most importance when determing the balance
of the research programme and how does this differ from
the choices made by firms?

It is additionally hypothesised that the demands made
by firms of its research association will vary.according to
firm éharacteristics. Large firms may be more concerned
with the basic aspects of the association's research pro-
gramme, while smaller firms may have a greater demand for
more routine service functions. The type of firm owner-
ship may also cause some variations., Such considerations
could give some indication as to the degree of complemen-
tarity and substitutability between private research and
that conducted by the associations,

A further group of relationships concerns the parti-
cular impacts that may be generated as a result of the or-
ganisation's research and development activities., Market
impacts may be in the form of greater domestic sales or
an increase in export earnings, Industrial linkages may
exist with the capital goocds industry or member companies,
There is also the possibility that locational impacts may
develop in response to the benefits of agglomeration in the
costs of acquiring technology. These are the general hy-
potheses that will be investigated in the analysis of in-
dustrial research and development activity conducted in New
Zealand's research associations.

The foregoing sections described the methodological

procedures utilised in this thesis. Several additional
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points of interpretation must, however, be discussed., An-
alysis is directed toward assessing the role of research
and development in New Zealand's industrial growth. Re-
search and development itself is an embodied form of tech-
nological change. The thesis examines only product and
process innovations and does not concern itself with dis-
embodied forms of technological change. Moreover, the
thesis is a study of only a part of the phenomenon of tech-
nological change and concentrates upon the interrelation-
ships between research and development and industrial growth
in New Zealand. Thus, it is not only disembodied forms
of technological change which have been omitted, but also
research and development concerned with agriculture,

Technological changes of different intensities are
examined. The introduction of a completely new process
causes the establishment of a number of firms, while chan-
ges of a more evolutionary nature induce short term rounds
of growth in the individual firms, The second phase con-—
sequences that may be inherent in specific technological
developments are not examined in any explicit way, but the
phenomenon of spin-off firms is discussed. Further, the
 distinction between lechnological change that is labour-
saving and capital-saving is not pursued.

Finally, the study does not treat specifically the
di ffusion of innovations developed as a result of research
and development investigations. This is an area in which
future detailed investigation could be carried out. It
would be valuable to have some understanding of the degree
of technological gaps that exist among different firms of

the one industrial group. Similarly, it is important to
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understand how an innovation diffuses spatially, the nature
of constraints involved in the diffusion process, and the
role of the urban centres in the overall innovation adop-
tion-diffusion process. These, then, represent a summary
of the limitations and qualifications implicit in the meth-

odological procedure adopted for this thesis investigation,
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THE ORGANISATION OF RESEARCH AND DEVELOPMENT

IN NEW ZEALAND'S MANUFACTURING FIRMS

Yet technological progress has become of vital
concern for the individual firm in many indus-
tries, and the increasing pace of innovation
makes it inevitable that the firm provide more
and more support for research and development
as a condition of its own survival,

(Burns & Stalker, 1961, 33)

Manufacturing firms in New Zealand are becoming in-
creasingly aware of the potential contribution that re-
search and development can make in the improvement of pro-
efficiencies and profitability levels. As competition be-
comes more intense nationally and internationally, a grea-
ter amount of time and effort needs to be invested in im-
proving the quality of existing products, extending the
present product range énd bettering the productivity of the
various production processses. These actions may require
complete research and development investigations in which
formulations are tested, prototypes are developed and ex-
ploratory production runs are introduced. New Zealand's
manufacturing firms are becoming more aware of research and
development and, it is therefore becoming increasingly in-
tegrated into general manufacturing processes.

The survey on which this analysis is based covered a
wide range of industrial groups and includes firms employ-
ing from 5 to 8000 people. The analysis of data has been
carried out in four sections. Firstly, research and de-
velopment is considered as a general activity and interpre-
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tation of expenditure and-staffing figures plus the gen-
eral orientation of the research and development effort is
undertaken., In the second part research and development
is examined from a sectoral perspective, with some inter-
pretation of interindustry and firm size variations., Third-
ly research and development can be interpreted from a or-
ganisational viewpoint., A four-fold classification of
New Zealand manufacturing firms is proposed and the way in
which research and development might vary accordingly is
examined. Finally, some interpretation of the linkage im-
pacts of research and development in New Zealand manufac-
turing firms is attempted.

RESEARCH AND DEVELOPMENT AS A GENERAL ACTIVITY
Staffing

From the 62 firms covered by the survey, there was a
total of 490 people involved full time in research and de-
velopment work, Of these 280 (57 percent) held recognised
scientific or engineering qualifications. Three-quarters
of the firms have qualified staff constituting at least
half of their total research and development workforce,
which suggests a reasonable standard of technical expertise
and ability. The distribution pattern of qualified: +total
research and development staff, plus the ratio of research
and development: total staff is given in Table 2.1,

When the research and development staff are related
to total employees, the average ratio is for 3.6 research
and development staff per 100 employees. Fifteen firms
have ratios of less than or equal to 1:100, which could be
due to one of two reasons:

1) Research and development has not yet become ful-



Table 2,1: Research and Development Staff as a Percentage of Total Staff, and the Percentage
Qualified.
Percentage of Research and Development Qualified
0-10 11-25 26-40 41-55 56=T70 T71-85 86-=-100
Number of
IS 6 4 8 5 16 11 12
Research and Development Staff as a percentage of total Staff
0-=1,00 1.01=2,0 2.01-4,0 4,01-6,0 6.01-8.0 8,01-10,0 10.01 +
Number of
£1piis 15 12 14 9 6 3 3
Source: Field Survey, 1975.

14
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ly integrated into the firm's general functioning.

2) The firms are large by New Zealand standards and
the research and development staff, while critical, are
minor in relation tb the total staff required in the pro-
duction process.

At the other end of the scale are three firms where research
and development staff account for 80, 27.7 and 12.5 percent
of the total employment figures of 5, 18 and 80 respectively.
These are high ratios and obviously the three firms are
intimately concerned with research and development work.

Such a contrast suggests a continuum of activity along
which firms may be classified. Those at one end may be
regarded as 'development intensive' with work being closely
directed and supervised, and factors such as increased out-
put being given greater consideration than innovation. By
contrast 'research intensive' categories tend to be less
directive in particular work assignments and value innova-
tiveness over efficiency. (Ansoff and Stewart, 1967). It
is probable that such a continuum of research and develop-
ment activity exists for manufacturing firms in New Zealand,
and it is also probable that the specific position of a
firm along that continuum will be affected by such factors
as industrial classification, firm size and organisational
structure.

Further understanding of the distribution of research
and development staff can be gained from Table 2.2 where
firms have been categorised according to the size of their
research and development unit. Nearly half of the firms
fall into the first group, suggesting that research and de-

velopment in many manufacturing firms is, as yet, carried
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Table 2.2: Distribution of Research and Development Staff

among different Sized Units.

Number of Units Research and Development Staff

Staff per

Und Number|% °% lqualified|other |mota1 | ¥ °F
1-4 28 45 53 31 84 17
o~9 19 31 65 49 114 23
10-14 7 11 51 26 17 16
15-19 3 5 23 26 49 10
20+ 5 8 88 78 166 34

TOTALS 62 100 280 210 490 100

Source: Field Survey, 1975.

Table 2,3: Spatial Concentration of Research and Develop-

ment Staff.

Geographical Area Location Quotient
Auckland 0.85
Wellington 2.07
Christchurch 0.48
Dunedin 4.00
Others 1.05

Source: Field Survey, 1975.
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out on a small scale. This group is decidedly underrepre-
sented in terms of its overall share of research and devel-
opment staff while, by contrast, 13 percent of the firms
have 44 percent of the research and development workforce.
There would appear to be a concentration of research and
development staff in firms having the larger research and
development units. These firms, however, are not neces-
sarily those having the largest total employment numbers,
as has been pointed out by the previous table, It is also
interesting to note that in all but one of the categories,
the numbers of qualified staff outweigh the unqualified,
showing a good filtering of recognised expertise through-
out all sizes of research and development units,

It is also interesting to examine the spatial dis-
tribution of research and development staff, The relative
concentration of such workers varies for the different areas
(Table 2.3). This concentration is measured in terms of
a location quotient, whereby the area's share of research
and development staff is divided by its share of total em-
ployment within the firms surveyed. From the table it
is seen that research and development workers are relative-
ly over concentrated in Wellington and Dunedin, while in
Auckland and Christchurch they are unimportant when rela-
ted to total employment figures. The secondary centres
show no real degree of overconcentration and, as such, can
be regarded as having their share of research and develop-
ment workers,

These patterns can probably be related to other var-
iables such as firm size and industrial classification,

For example, the Dunedin firms are comparatively small in
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size and belong to industrial groups that are more research
than development intensive, Similarly, in Wellington there
are two of the three firms where research and development
staff account for the highest proportion of total staff,

and these are both electronics firms, a research and devel-
opment conscious activity, The Auckland and Christchurch
figures are prejudiced by firms of large size (8000 people
are employed in one Auckland firm), and a concentration of
firms that are less research oriented, such as the Food,
Beverages and Tobacco industry group.

Expenditure

Expenditure figures are another indication of a firm's
involvement in research and development, The amount spent
on research and development in relation to the total expén-
ses of the firm gives some indication of the extent to which
research and development is integrated into the overall func-
tioning. Unfortunately, because expenditure figures ap-
pear to be a sensitive matter, only 49 of the 62 firms gave
answers to the question concerning the amount of expenditure
on research and development, while there were 53 responses
relating expenditure to total sales, Total expenditure
on research and development for these 49 firms in 1975 is
$4,290,000, giving an average of $87,551 and a median of
$51,500. These figures for expenditure can be analysed in
two ways; firstly in relation to firm size and secondly in
relation to total sales.

BEconomists such as Galbraith (1967) advance the thesis
that the greatest amount of technological change and inno-
vation takes place in big firms, that innovativeness re-

quires bigness. Other economists are not convinced about
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the validity of this relationship and see small firms as
important sources of innovation also. (Adams, 1970).

Table 3.1 shows the distribution pattern of research and
development expenditure among the firms of different sizes.
The average amount spent on research and development for
the largest firms is between three and four times greater
than that spent in firms of small size. Of the ten firms
spending at least $100,000 each year, only one was not in
the largest firm size category. These ten firms are res-
ponsible for 59 percent of the total expenditure while the
remaining 41 percent is shared by 84 percent of the firms.
This suggests that, in absolute terms at least, research
and development activity might be more important and car-
ried out on a greater scale in the largest firms, for 33
percent of the firms are responsible for 71 percent of the
expenditure.

By relating research and development expenditure to
total sales it is possible to get some idea of the impor-
tance of research and development to the firm's general ac-
tivities without any size bias. On looking at these pro-
portional figures research and development can be seen to
be at least as important to some small firms as it is to
larger ones (Table 3.2).

Thirty-two percent of the firms have research and de-
velopment expenditure contributing a proportion less than
0.5 percent of their total sales and, of this, half are
firms employing more than 250 people. Also, in the last
catééory, three of these four firms employ 5, 18 and 80
people with research and development expenditure represen-

ting respectively 70, 15 and 13 percent of total sales.



Table 3,1:

Relationship between Research and Development

Expenditure and Firm Size,

rirm size | VRiT.°" | Enpenaitare | Expendiiare
- 1-50 4 $ 168,000 $ 42,000
51-100 9 $ 397,000 $ 44,177
101=150 6 ¢ 289,000 $ 48,167
151-200 5 $ 194,000 $ 38,000
201-250 4 $ 197,000 $ 49,250
251+ 21 $3,045,000 $145,000

TOTALS 49 $4,290,000
Source: Field Survey, 1975.

Table 3.2: Research and Development Expenditure as a

Percentage of Total Sales.

%gnggggeigdas Number of Percggtage
a Percentage of Firms Total
Total Sales
0= &5 s B¢ 32
«51-1.0 9 0
1,01-1.5 6 11
1.51-2.0 5 9
2,01-5.0 8 15
5.01-10.0 4 8
10,01+ 4 8
TOTAL 53 100
Source: TField Survey, 1975.



52
Interestingly these three firms are the same three that had
the highest ratio of research and development: total staff,
Thus, for the data collected on expenditure it seems rea-
sonable to conclude that while large firms may be more im-
portant in absolute terms, essentially because of the scale
of economic activity at which they operate, their relative
involvement in research and development is not necessarily
any greater than that in many small firms,

When Table 3,2 is spatialised (Table 3.3) it is seen
that the four firms where research and development expen-
diture represents the greatest proportion of total sales
(70,15,15 and 13 percent) are all located in the three met-
ropolitan areas. The concentration of these firms in the
higher order urban centres is possibly reflective of their
specialised requirements in terms of information accessi-
bility and services required. This is further supported
by the fact that Dunedin and the secondary centres have only
one out of a possible 17 firms where research and develop-
ment accounts for more than 5 percent of total sales. It
is also interesting to note that 44 percent of Auckland's
firms spend less than 0.5 percent on research and develop-
ment. This is probably reflective of the concentration of
firms of very large size in this area.

Product and Process Emphasis

Within this examination of research and development
as a general activity, it is possible to look at the par-
ticular emphases of the firms' research and development pro-
gramme. The particular distribution of firm product/pro-
cess emphasis can be seen in Table 4.1. In 75 percent of

the cases concern for developing new products or modifying



Table 3.3: Spatial Concentration of Research and Development Expenditure as a

Percentage of Total Sales.

Research and
Pee iggﬁggge 8. | AUCKLAND | WELLINGTON | CHRISTCHURCH | DUNEDIN | OTHERS

Total Sales
0- .5 7 3 3 1 @
51= 1,0 2 1 1 - - 5
1.01= 1.5 1 2 2 1 -
1.51= 2.0 1 2 - 3 "
2.01- 5.0 3 - 1 1 3
5.,01=10,0 1 2 = E ]
10,01+ 1 2 1 - =

Source: Field Survey, 1975.

¢S



Table 4.1:

Firm emphasis on products and processes.

Percentage Distribution of Research and Development Projects

0-10 11=40 41=T70 T70-100
Develop new products 5 22 23 12
Modify existing products 5 38 6 3
Develop new processes 43 15 3 1
Modify existing processes 39 21 2 =9
Source: Field Survey, 1975
Table 4,2: Spatial Concentration of Product/Process Emphasis,
Average Percentage Distribution
AUCKLAND WELLINGTON CHRISTCHURCH DUNEDIN OTHERS
Develop new products 46 47 49 36 48
Modify existing products 34 22 28 4% 18
Develop new processes 9 21 9 15 15
Modify existing processes 11 10 14 6 19
Source: Field Survey, 1975

14°
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existing ones was greater than the interest in processes,
Thirty-three firms spent at least half of their research
and development effort in developing new products while, by
comparison, only four spent half their time in developing
new processes. Only two firms did not engage in new pro-
duct development but 20 did no new process development,
Thus the emphasis is on product development and, further-
more, on the development of new products.1 The lesser im-
portance of process development possible reflects New Zea-
land's position in the international system of technologi-
cal change, Process technology is more basic and more long
run than is product technology, and is therefore adopted
from overseas rather than generated internally. This is
further supported by the fact that modification of proces-
ses is more important than new processes, Presumably the
technological principles need modification and adaption to
fit the peculiar set of conditions involved in the New
Zealand production process., Production is carried out in
shorter runs and on a smaller scale, with the degree of capi-
tal investment being less intensive,

When the particular product/process orientation for
firms is examined for different areas some interesting fea-
tures become apparent. (Table 4,.2) For all five areas the

emphasis on product development is greater than that for

1 In a survey of business firms carried out in the early
1960's in the United States, 47 percent of firms indicated
that the main purpose of their research and development was
to develop new products, while a further 40 percent were
most concerned with improving existing products. Only 13
percent gave greatest emphasis to the development of new

processes, (Cited in Mansfield, 1972, 480).
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processes, In the Dunedin area, however, development of
new products ig relatively less important and the modifica-
tion of products is of greater interest, It is possible
that there may be some relationship between Dunedin's slow-
er rate of growth over the past few years and its relative
lack of new product innovations, a factor which is an in-
tegral part of the general innovative quality of én area,

The nonmetropolitan area group spends comparatively
less time on product modifications, This area has a grea-
ter concentration upon pocesses than the other four areas.
Probably this is a result of firms which are peripherally
located and concerned with the processing of raw materials,
either mineral or agricultural. In these instances pro-
cess development would be more important than it would be
to, say, a2 firm involved in the manufacture of electrical
appliances, The Vellington area has also a relatively
high concentration on new process development, as its fig-
ure is boosted by an 80 percent emphasis in one electronics
firm, and 50 percent in one firm in each of the nonmetallic
minerals and metal products groups,
SECTORAL PERSPECTIVE

This discussion of staffing, expenditure, and product/
process orientation represents the examination of research
and development in general terms. The second stage is to
look at it from a sectoral perspective. Research and de-
velopment can be more or less important as an activity de-
pending upon the particular type of industrial group to
which the firm belongs., Some firms are obviously involved
in highly sophisticated technologies and require intimate

research and development involvement to remain competitive
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and successful. For other firms basic product and process
technology has not changed for many years and research and
development might therefore receive relatively less atten-
tion. On the basis of the data collected from the question-
naire comments can be made about the sectoral dimension of
research and development in New Zealand's manufacturing
sector.

Industrial Classification

The 62 firms analysed can be usefully categorised in-
to eleven industrial groupings. Table 5.1 gives the dis-
tribution of firms among these groups, the expenditure pat-
tern for each, and the distribution of research and devel=-
opment staff. From this sectoral perspective it is pos-
sible to see that some industry groups are more involved in
research and development activity than others. Electro-
nics is obviously the industrial group that is most inten-
sively involved, with research and development expenditure
representing an average of 20,6 percent of total sales.
This figure is upwardly biased to some degree by the 70
percent figure for one of the firms, but even omitting this
exceptional amount the overall average is still greater
than eight percent. °~ The research and development inten-
sity of the electronics firms is also indicated by the fact
that research and development workers account for an aver-
age of 22.6 percent of the total workforce, nearly five
times as large as the second largest category.

Mechanical and electrical engineering are two other
categories where research and development appears to be a
relatively important item of expenditure and a reasonable

proportion of the workforce are involved in such activities.



Table 5.1:

Research and Development Activity classfied according to Industrial Groupings.

Number Total Industry|piyCloinent as [10%el Research |pistafe, Forgentase
Units | Expenditure [ 1oicontage of Stast RerEAgUene Torknl
ooy, Doverngen; 10 $ 433,000 0.83 72 1.4
portiles, dpmarel, | 5 [ 8 o0 | t.es ;
e e 2 $ 527,000 0.18 23 0.75
Metal Products 5 $ 329,000 0.66 25 1.5
Non-metallic minerals 5 $ 400,000 1.42 34 2.9
Mechanical engineering 4 $ 211,000 5.83 19 3.5
Electrical engineering 8 $ 231,000 4.30 107 4,2
Electronics 7 $ 549,000 20,60 57 22.6
Plastics 4 $ 105,000 2417 19 241
Chemicals 13 $1,295,000 2.31 121 4.7
Miscellaneous 1 $ 80,000 1,00 4 1,0
TOTALS 62 $4,290,000 490

Source:

Field Survey, 1975.

8%
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In the chemicals industry expenditure on research and de-
velopment in relation to total sales is, on average, not
particularly high. This is essentially because there is
such a range of firms involved in the chemical industry
operating at different scales of economic activity. Ex-
penditure ranges from over $500,000 down to $18,000, but in
all cases there is a fairly high proportion of total staff
(average of 4.7 percent) involved in research and develop-
ment work.

The wood and paper products group has the second high-
est level of absolute expenditure but this figure is exag-
gerated by the large size of one of the firms concerned.

A truer indication of the role of research and development
in this industry group is given by the figures relating re-
search and development to total staff and total sales.
Other sectors such as Food, Beverages, Tobacco and Textiles,
Apparel, Leather Products do not appear to be involved in
research and development to any real extent. This is in
contrast to the research and development intensive groups
such as engineering, echmicals and electronics. However
there does appear to be some changes in awareness and at-
titude taking place. The more traditional industrial
groups are gradually becoming more conscious of the poten-
tial contributions of research and development to their
firm in terms of improving their product range and the gen-
eral efficiency of their production processes,

Table 5.2 gives an indication of the distribution of
research and development performances according to indus-
trial groups for British industry. Figures are for 1967/

1968 and are for firms employing less than 200 people.



Table 5.2: Expenditure per Employee on Research and Development Performed within Small
Firms: Industrial Distribution in 1967/68.

Estimated expenditure Total Expenditure on
on Research and Bivlo Research and De-
Development ployees velopment per
£m Percentage ('000) employee,
All manufacturing 213 100,0 2,441 9
Food, drink and Tobacco 0.4 1.9 191 2
Chemical and allied :
Industries Sa L Lol 28
Engineering:
Total 15.0 T70.5 850 18
Mechanical Ted 34,3 646 11
Electrical 141 562 67 17
Electronics 3.8 179 38 100
Vehicles (including 5.8 13,1 99 8
aerospace)
Metal manufacture 042 0.9 88 2
Textiles, clothing, etc. 0.6 2,8 - 1
Other manufacturing 243 10.8 637 4

Source: Cox, 1971, 13,

09
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Again the research intensity of categories such as electro-
nics, general engineering and the chemical industries is
evident.

Basic Research, Applied Research and Development

A further component of the sectoral perspective on
research and development is to examine the way in which firm
size and industrial classification influences the orienta-
tion of the research programme. Research and development
can be subdivided into three categories - basic research,
applied research, and development ~ and the definitions of
these were discussed in the introductory chapter. In the
New Zealand scene very little basic research is carried out
within individual firms., This is because of the smaller
scale of local economic activity. The scientific facili-
ties and rescurces necessary to support a large scale, long
term programme of basic research do not exist to any real
extent in New Zealand firms,

The relative orientation of research and development
programmes is described in Table 6.1, with responses coming
from 61 firms., 54 out of the 61 firms spend 10 percent or
less of their effort on basic research, with 67 percent of
these firms doing no basic research at all. This suggests
support for the basic premise proposed for manufacturing
firms; that they are more concerned with adopting or adap-
ting overseas sources of technology. At the other end of
the scale there were 48 out of the 61 firms (78 percent)
where development accounted for at least 50 percent of re-
search and development work, while eleven firms were en-
gaged in only development work.

By introducing the spatial frame it is possible to



Table 6.,1: Orientation of Firms' Research and Development Programme.

Percentage Distribution of Research and Development
Activity
0-10 11-40 41-70 71-100
Basic Research 54 7 - -
Applied Research 26 21 5 9
Development 4 8 18 % |

Source: Field Survey, 1975

Table 6,2: Spatial Concentration of Basic Research, Applied Research and Development,

Average Percentage distribution of projects

AUCKLAND WELLINGTON CHRISTCHURCH DUNEDIN OTHERS
Basic Research 1.8 2.3 6.3 2.5 5.4
Applied Research 29.8 29.8 31.4 36475 19T
Development 68,4 679 62.3 60.75 74.9

Source: Field Survey, 1975

é9
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see if there is any areal concentration of basic research,
applied research or development. (Table 6.2) Christchurch
firms appear to spend a greater proportion of their time
on basic research. This figure is boosted by one firm in
the metal products industry group which spends 20 percent
of its effort in basic research work, The basic research
proportion is also relatively high in the nonmetropolitan
centres which is explained by research investigations into
minerals and other such raw materials, This is a situa-
tion where overseas findings are not readily applicable be-
cause of the unique qualities of the raw materials involved.
The greatest concentration upon applied research in the Dune-
din metropolitan area. It is quite probable that there is
some positive relationship between this figure and the high
proportion of time spent in this area on the modification
of existing products. Finally, development activity is most
concentrated in the secondary centres. This emphasis may
be reflective of the lesser degree of integration of these
centres into the national process of innovation diffusion -
adoption.

To determine the relative importance of applied re-
search and development, the variable of firm size can be
introduced (Table 6.3). For every size category develop-
ment received greater emphasis than applied research,

Again this reflects New Zealand's dependence on overseas
technology, for not even the majority of the largest compa-
nies are more involved in applied work, This is because
many New Zealand firms are subsidiaries of larger overseas
organisations and depend upon their parent companies for

the supply of technical information of a more fundamental



Table 6,.3:

Relationship between Firm Size and Research and Development programme.

Applied Research
more important
than Development

Development more
important that
Applied Research

Applied Research
equally important
as Development

1-50 - 5 -
51-=100 1 10 -
101-150 2 5 -
151-200 3 4 -
201-250 - 4 -
251+ 6 19 2
TOTALS 12 47 2

Source:

Field Survey, 1975.

¥9
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nature, while they themselves carry out any modifications
or adaptations required to fit the local context,

It is also possible to see how this orientation var-
ies according to different industrial groups (Table 6.4).
Surprisingly, it is the nonmetallic minerals group where
applied research is relatively of most importance, In
these firms investigations are carried out into the physi-
cal and chemical properties of the raw materials with which
they are involved. The local raw materials have unique
properties and qualities, which means that the transfer of
overseas technology is not easily facilitated. Two of the
electronics firms and three of the chemicals firms are al-
so more concerned with applied research. In such fields
local production and marketing conditions are quite differ-
ent from those experienced overseas and therefore edapta-
tion of the basic research knowledge must take into account
the peculiar characteristics in New Zezland,

An indication of the emphasis on these different re-
search categories within overseas countries can be seen in
a table, for United States firms, that has been adopted
from Mansfield (1968a, 58). Although the industrial clas-
sification is somewhat different, general comparison is still
possible. (Table 6.5) From the table it can be seen that
industry in general is not really concerned with basic re-
search. Some industries such as the chemicals and elec-
tronic components group are more conscious of basic research
than.othefs. The general trend is for development to be
more important than applied research with two interesting
exceptions being textiles and food producfs. According to
Mansfield (1968a, 59): 'For all industries combined, about

4 percent of ££e total is basic research, 20 percent applied



Table 6.4:

Relationship between Industrial Classification and Research and Development,

Applied research Development more Applied Research

more important important than equally important

than Development Applied research as Development
Food, Beverage, Tobacco 2 8 -
Textile, Apparel, - 3 -
Leather Goods.
Wood and Paper Products - 1 1
Metal Products - 5 -
Non-metallic minerals 3 2 -
Mechanical Engineering 1 3 -
Electrical Engineering - 6 1
Electronics 2 5 %
Plastics 1 2 o
Chemicals 3 10 -
Miscellaneous - 1 -

Source: Field Survey, 1975,

29 .



Table 6.5: Percent Distribution of Funds for the Performance of Basic Research, Applied Research,
and Development, by Industry, 1964.

Industry gz:igrch Applied Research| Development TOTAL
Food and kindred products 9 47 44 100
Paper and allied products 3 36 62 100
Chemicals and allied products 13 n.a, N.a. 100
Industrial chemicals 13 n.a. n.a. 100
Drugs and medicines 16 49 35 100
Other chemicals n.a. 23 68 100
Stone, clay, and glass products 5 35 59 100
Primary metals 6 27 57 100
Fabricated metal products 3 23 19 100
Machinery 2 14 84 100
Electrical equipment and communication 5 14 81 100
Communication equipment and
electronic components 8 16 76 100
Other electrical equipment 2 12 86 100
Motor vehicles and other transportation
Equipment 3 n.a. n.a. 100
Textiles 3 50 47 100

n.a., not available,
Source: Adapted from Mansfield, 1968a; 58,

L9
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research, and 76 percent development!, Respective figures
for the firms surveyed in this thesis are 3.4 percent, 28,2
percent and 68,4 percent, so that there is a slightly grea-
ter emphasis on applied research locally than for those
firms in the United States.

From this sectoral perspective it can be seen that
different industrial groups are mére or less concerned with
research and development as part of their general activi-
ties. Generally, firm size is seen to have little effect
on the type of activity that is carried out, although the
largest firms are responsible for spending the greatest ab-
solute amounts on research and development, Sectorally
we have also seen some indication of the importance of over-
seas sources of technology and the emphasis, locally, on
the development aspects of research activity. The signi-
ficance of overseas technology can be elaborated further
by examining the sources of the firms' main technology com-
ponent, as it is described by Table 7.1.

External Sources of Technology

For the majority of firms surveyed, overseas sources
represent the major supply of technology and techniques.
The New Zealand stock of technology was considered more im-
portant than that available from overseas for only four firms,
Such figures give further credence to the hypothesis that
New Zealand's manufacturing firms are concerned primarily
with adopting or adapting overseas technology. But this
is not to deny the innovativeness of the New Zealand firms,
In many cases these overseas techniques are adapted to the
New Zealand context, modifications and investigations are

undertaken on their more basic qualities and, as a result,



Table 7.1: Major sources of technology for New Zealand Manufacturing firms.

Use technology Adopt/adapt Both sources Do develop

available in overseas equally 'new!

New Zealand technology important technology
Food, Beverages, Tobacco 1 8 1 2
Textiles, Apparel, Leather

products. - 3 - -

Wood and Paper Products - 2 - -
Metal Products - 3 2 2
Non-metallic minerals = i 2 1
Mechanical Engineering 1 2 1 2
Electrical Engineering - 6 2 2
Electronics - 6 1 5
Plastics 1 1 2 2
Chemicals 1 8 4 3
Miscellaneous - 1 - 1
Percentage of Total Firms 6 70 24 32

Source: Field Survey,

1975.

69
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quite 'mew'! forms of technology may eventuate.,

New Zealand'; manufacturing firms have been able to
develop important inventions internationally particularly
in the engineering and electronics fields., Local knowledge
and expertise has been applied in specialised fields and im-
portant discoveries have resulted. Similarly,l in the food
industry new advances have been made by local firms in
areas such as meat processing technology. While overseas
technology is a major factor in determining the degree of
industrial development and competitiveness of New Zealand's
manufacturing firms, this does not necessarily mean that
local imovativeness is completely lacking but rather that
new technology is not, understandably, the major source of
technological advance.

It is also possible to examine how the importance of
overseas technological sources varies spatially (Table 7.2).
For the majority of firms in all areas external sources of
technology appear to be the most important. This is least
the case in the nonmetropolitan areas where significant re-
liance is placed upon the supply of indigenous technology.
Wellington and Christéhurch are the two areas where the
highest proportion of firms develop new forms of technology,
while the other three areas show no real variation, Pos-
sibly the Auckland area is integrated to the greatest de-
gree into the international process of innovation diffusion,
while Dunedin and the secondary centres are less concerned
with the generation of new technological forms and are more
involved with the adoption/adaption process. Hence, Wel-
lington and Christchurch appear as comparatively more im-

portant,



Table 7.2: Spatial Concentration of Technology Sources.

Use Adopt/Adapt Both Sources Develop New Technology

New Zealand overseas equally

Technology Technology important Number Percentage of firms
AUCKLAND - 13 i 4 20
WELLINGTON 1 11 1 6 46
CHRISTCHURCH - 8 3 6 45
DUNEDIN - 4 - 1 25
OTHERS 3 T 4 4 28

Source: Field Survey, 1975.

LL
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Firm Size

It is interesting to note how the size of the firm
affects its ability to use external sources of technology.
Opinion is divided, with some firms regarding large size
as a prerequisite for research and development and a defi-
nite advantage in assimilating external technology, while
others regard small size as being an equal advantage.

For a firm to be large, this implies that it has rea-
sonable capital strength. Because of this, it will be
able to support a large research and development department
and may be able to sustain research and development pro-
jects of a more basic and long term nature, In many cases
the larger firms covered by the survey are subsidiaries of
overseas companies or have overseas technical agreements.
Such connections can be an advantage in gaining access to
the latest technological advances and in learning about the
various problems that may arise with application into the
production system. In one case at least, large size was
a prerequisite for research and development work to even
begin. A meat processing firm was unable to engage in re-
search and development work until several mergers had teken
place creating an organisation of sufficient size and scale
to make their 'own R. & D. become effective'.

The advantages of small size are flexibility and per-
sonal involvement. As general production is undertaken
on a small scale such a firm is able to introduce new pro-
ducts or new techniques very quickly into the general sys-
tem. Their production process has greater flexibility and
is able to respond more quickly to changes in market condi-

tions, with the firm therefore gaining the advantages im-

plicit in the®'lead time' concept. In the words of one



73
firm manager, "A small company is able, because of low iner-
tia, to jump quickly on to any new technology".

Small size also means that the degree of personal in-
volvement on the part of employees is greater. Each mem-
ber of the firm can realise the part he is playing in over-
all firm growth and expansion, and because of this his value
as an employee is often enhanced. One pharmaceutical firm
made an interesting comment. Since they are small in the
international sense, they employed a wide range of disci-
plines with the individuals all working closely together
generating an important cross fertilisation of ideas. It
is from this close contact that the innovative character of
the New Zealand firm has developed to an extent where it is
often superior to its overseas counterparts,

Disadvantages can also arise for different firm sizes
when engaging in research and development. If 2 firm be-
comes too big it loses some degree of personal involvement,
a sense of direction, and production systems can become in-
flexible. If a firm is too small this can cause quite
serious problems when assimilating overseas technology.
Overseas technology is designed for multiproduct lines with
long production runs and often requires heavy capital in-
vestment. Such characteristics are not typical of indus-
trial production in New Zealand's small firms, so new tech-
niques must be scaled down to fit the particular level of
economic activity. A further consideration, probably in-
dependent of size, is theqality of the workforce. Unless
the firm has employees of sufficient expertise and adapta-
bility the successful introduction of many overseas tech-

niques will not be possible, Behavioural factors such as
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these are also quite important when considering the process
of research and development.

This section has considered the sectoral dimension of
research and development, It has shown that research in-
volvement in research and development work varies in rela-
tion to firm size and industrial classification. The par-
ticular orientation of the firm's research and development
programme plus the importance of external sources of tech-
nology has also been examined., From such a background com-
ments can be made about the typical growth-inducing impacts
and linkages that might evolve from research and develop-
ment investigations. However, before this is done it will
be useful to consider the organisational perspective of re-
search and development in New Zealand's manufacturing firms.
ORGANISATIONAL PERSPECTIVE

Any firm can be regarded as an ‘'organisation' carry-
ing out a number of economic activities within a particular
economic system, Obviously different firms operate with
different degrees of success and profitability, and it is
possible that the level of performance may be in some way
related to the organisational structure of the firm, Lt
also seems reasonable that attitudes and expertise in re-
search and development can be examined in the same way.
Various classifications of organisational structure have
been proposed in the overseas literature (Chandler, 1962;
Stopford and Wells, 1972). The model developed by Stopford
and Wells divides firm organisational structure into the
following four stages:

Stage 1: Firms 'usually small enough to be admini-

stered by a single man, typically the owner and founder'
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(Stopford & Wells, 1972, 11).

Stage 2: Firms that have established functional de-
partments, such as sales, production and finance.

Stage 3: Firms that have a divisional arganisational
structure based usually on product or area lines and as
such operate as quasi firms.

Stage 4: Firms which have a global organisational
structure.

If this classification system was to be adopted for
analysing the firms surveyed in this thesis, there would be
7 fi?ms in the Stage 1 category, 51 Stage 2 firms, 4 Stage
3 firms and none of the Stage 4 group. This concentration
of firms in the Stage 2 group is the result both of the dif-
ferent degree of industrial development in New Zealand as
compared to some overseas countries, and of the fact that
inguiries were carried out at the firm rather than the com-
pany level, Thus, say, for one Auckland company that would
be of the Stage 3 group, questionnaires were received from
two of its autonomously operating firms rather than from the
company's administrative headquarters.,

Organisation Structure

Because of these differences, the Stopford - Wells
model has been modified to better fit New Zealand's indus-
trial structure and to make the interpretation of results
within an organisational perspective more meaningful. The
first firm class is the same as the Stage 1 group; that is,
New Zealand owned and operated firms that are small enough
to be administered by a single person. Classes 2, 3, 4
represent essentially a rearrangement of Stages 2 and‘3 in

the Stopford - Wells model. Firms of Class 2 and 3 are the
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larger manufacturing firms which have a varied product range
and operate in a number of centres throughout the country.
Class 2 of these multiproduct, multiplant firms are subsi-
diaries of another Néw Zealand firm and may also have sub-
sidiaries of their own, Class 3 are New Zealand owned and
independently operated firms that may also have subsidia-
ries, either locally or overseas., The fourth class of
firm organisation is those firms that are subsidiaries of
overseas organisations, Their New Zealand operation may be
multiproduct and multiplant in nature but they have direct
ownership affiliations to an overseas company,

After arranging the firms surveyed into these organi-
sational classes, there were 7 representatives in Class 1,
14 in Class 2, 24 in Class 3 and 17 in Class 4. The spa-
tial distributionof these different classes can be seen in
Table 8.1. The Auckland area appears to have a concentra-
tion of firms of Class 3. These are the larger of New
Zealand's firms and the predominance of firms of large size
in the Auckland area has been previously mentioned. In
the Wellington area the greatest representation is of Class
4 firms, those that are subsidiaries of overseas companies.
There is some tie up between this emphasis and the major im-
portance that overseas sources of technology held for the
Wellington area, as outlined in Table T7.2. Christchurch,
like Auckland, seems to have some concentration of Class 3
firms and again this is reflective of the number of firms
of large size that were found in this area, For Dunedin
and the secondary areas representation appears to be fairly
spread with no rezl concentrations.,

Research and Development Programme




Table 8.,1: Spatial Distribution of Firm Organisational Classes.,
Firm Class AUCKLAND WELLINGTON CHRISTCHURCH DUNEDIN OTHERS
§ 1 2 - 1 3
11 > 2 3 1 3
IIT 9 2 8 - 5
IV . T - 2 3
Source: Field Survey, 1975.

LL
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It is possible to consider how the way in which re-
search and development activity is carried out might vary
with respect to firm organisational structure. It is sug-
gested that the different nature of the research and de-
velopment programme varies according to organisational
structure. This aspect is examined in Tables 8.2 and 8,3.
Basic research seems to be more important to the small in-
dependent New Zealand firms than to the firms of other or-
ganisational structure. These tend to be the research-
intensive firms that undertake work of a highly specialised
and technologically sophisticated nature which may be quite
new to the New Zealand industrial scene. While applied
research is comparatively of little significance, the de-
velopment phase is quite dominant within the overall pro-
gramme. The need to get the new project zpplied to the
market situation is essential as it directly affects the
survival of these small firms.

Firms of Class 2 and 3 exhibit little difference in
their programme emphasis. Invdvement in basic research
does not exist on any great scale. Applied research re-
presents a reasonable proportion of activity with attention
being paid to getting the new product and process ideas
adapted to fit New Zealand marketing and production condi-
tions. Such work, which generally involves scaling down
production systems to New Zedand's short run conditions,
is vital to the successful assimilation of external tech-
nology. Once the applied research has been undertaken
the development phase can occur more quickly and easily.

Firms of Class 4 do very little basic research, not

particularly much applied research, and concentrate more

-
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Relationship between Organisational Structure
and Research and Development Programme.

Table 8.3:

Numbex Average Percentage distribution of
Firm of Research and Development activity
Class| Units ' .
Basic Applied
Research Research Development
 § i 4 5 9.3 85.7
11 14 3.7 34 62
11X 24 4.3 33 62,7
Iv 17 1.9 22,2 159
Source: Field Survey, 1975.

Relationship between Organisational Structure

and Length of Research and Development Projects.

Length of Time Before Project Completion

Pi 5 Percentage Distribution
Class TECHNICAL COMMERCIAL
-2 years yg;gs 5 + years|-2 years yggis 5 + years
i B1.5 B % 1.4 80 20 =
II 83.8 1503 007 8803 11.6 -
I11 78,2 20.1 1T 68.9 26.8 4.5
IV 854 15.6 0.9 70.6 251 6.2
Source: Field Survey, 1975,
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upon development wdrk. This is almost certainly a result
of their particular organisational structure. These firms
are subsidiaries of overseas companies, from which they get
considerable technicél backup. The basic and applied re-
search is carried out by the overseas company and all that
is required is some development work involved in the com-
mercialisation process. Consequently, the innovativeness
of Class 4 firms is certainly much less than, say, some
Class 1 firms.

It is also possible to see how attitude towards risk-
taking varies with firm organisation. Risk and uncertainty
are part and parcel of any research and development work,
but the willingness to accept these risks varies consider-
ably. One way of measuring this is to examine the typi-
cal length of time before the technical and commercial pha-
ses of projects are completed. Naturally the longer term
projects involve a greater degree of risk and uncertainty.
From Table 8.3 it is seen that, technically, the majority
of projects are short term ones. In the case of Class 1
firms, this is because the organisation is small and does
not have the capital strength to sistain projects over too
long a time period. The larger New Zealand firms are the
ones most prepared to do this with over one fifth of the
Class 3 firms' projects taking longer than two years before
completion.

From a commercial point of view interest in longer

term projects is least in firms of Class 1 and 2. Class 1

firms do not operate at a scale large or diversified enough
to be able to wait long periods for a return on their capi-

tal investment. For Class 2 firms the projects of a more
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speculative nature aré possibly carried out by their parent
company. Firm classes 3 and 4 spend a reasonable propor-
tion of their time on projects that take a long period to
be commercially applied. Once again these are the firms
involved in economic activities of a greater scale and are
therefore able to sustain low immediate returns on capital
in anticipation of greater long term benefits.

Thus, it is reasonable to conclude that organisation-
al structure does to some extent affect a firm's attitude
towards research and development projects and their willing-
ness to accept risk and uncertainty. Possibly too, it may
have some influence upon the ability to successfully con-
trol this risk, An indication of this is possible from the
proportion of commercial and market successful projects for
the different firm types.

Success at handling the risks implicit in research
and development does not appear to vary very much, as seen
in Table 8.4. Generally the commercialisation rate is equal
for all types of firms, with Class 1 firms being slightly
higher, probably because of their need to identify with the
market more quickly in order to survive. However, their
market success rate is lower than the other three groups,
often because the product they have developed is so specia-
lised technically that it is regarded as a 'oncer' in the
market situation. Classes 3 and 4 have the highest market
success rate. This may be a result of their more division-
alised operational structure within which functions such
as market research assume more importance than they would
in a small firm,

While the rate of commercial and market success varies
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Table 8.4: Relationship between Organisational Structure
and Success of Research and Development projects,
Average Percentage of Research and

Firm Development projects that are:

Clase Commercialised Market Successes

: 4 T9.7 64.0

&3 § TTe1 69.5

I1T T2.6 73.0

IV 8.3 7345

Source: Field Survey, 1975.
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a little, the reasons for the failures are fairly constant,
Non-commercialisation of projects can be a result of an un-
favourable cost-benefit ratio, the excessive degree of capi-
tal investment required, problems of raw material supplies,
and various technical or production inadequacies and incap-
acities. The failure rate also appears to be greater for
projects involving the development of a totally 'new' pro-
duct or process technology, rather than just innovation im-
provements. Market success can be prejudiced by inadequate
market research, poor timing of the project introduction,
distribution bottlenecks, unfavourable competion or unfore-
seen technical difficulties that develop when the technol-
ogy is applied to mass production conditions,

Thus far it has been shown that organisational struc-
ture can have some affect upon a firm's attitude to re-
search and development, its innovativeness and willingness
to accept the risks and uncertainty inherent in research
and development, as well as influencing its successfulness
in dealing with these issues. Organisational structure
may also influence the relative importance of sources of re-
search and development projects and ideas.

Sources of Projects

In Table 9.1 the typical sources of project ideas for
the various firm types are shown. The major source for
the small independent firms is from the research and develop-
ment staff,. In some firms however, it is quite likely
that these personnel overlap with those termed 'higher man-
agement' or 'marketing and production staff', Considerable
reliance is also placed upon external sources. These small,

research-intensive firms often have important interaction



Table 9.1: Sources of Research and Development project suggestions,

Source of Firm Organisational Structure
Suggestions
(Percentage) Class I Class II Class III Class IV
Research and Development
Staff 36.4 36.8 24.5 2742
Marketing/Production
Staff 23,6 30.2 22.9 42,2
Higher management g o g 17.9 2643 16.6
Branch Plants and/or
subsidiaries 346 2.6 T 2:5
External Sources 18.7 12.9 19.2 11.5
Source: Field Survey, 1975.

Note:- In comparison, work done by Mansfield et al., (1971) gave the

following distribution pattern:

60 percent - research and development staff

17 percent - marketing staff personnel
9 percent - 'management' sources

8 percent - sources external to firm,

v8
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with other research organisations of government departments,
In fact two of the firms surveyed are 'spin off firms',
one from the Physics Department of Auckland University and
the other from the Department of Scientific and Industrial
Research in Lower Hutt.

Class 2 firms have most weight placed up on research
and &velopment and marketing/production staff, The equal
importance of these two groups points to the necessity for
close interaction between the research and development and
marketing functions of the firm for the process of innova-
tion adoption and diffusion to be successful. A techni-
cally complete product will not be successfully diffused
if the marketing functions are not conducted properly vice
versa,

For class 3 firms no one category assumes much more
importance than another, but there is & larger comparative
contribution from branch plants and subsidiaries. Nine-
teen out of the 24 firms have at least one subsidiary plus
a number of branches, from which a certain amount of feed-
back must arise about possible product improvements and mod-
ifications to processing techniques, Branch plants and
subsidiaries are not as important for the Classes 1, 2 and
4, because they do not have such a multiplant organisation.

In Class 4 firms marketing/production staff act as
the most important source for project ideas. People work-
ing in such positions in the New Zealand firm probably en-
gage in frequent trips overseas to the parent and other as-
sociate companies, viewing any new developments and evalua-
ting their potential in the New Zealand context, Thus,

the various types of organisational structure do, to some
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extent, place different emphases upon possible sources of
ideas for research and development investigations.

It is interesting at this stage to note that not many
firms carry out research and development in their branch
plants or subsidiaries, supporting the idea that research
and development is a centralised activity. Branch plant
work tends to be supportive in nature, limited by the amount
of equipment available and often concerned with practical
trials and testing rather than more innovative matters.

In the subsidiaries work tends to be of a specialised na-
ture, perhaps into a particular product or process that is
important within their operation but is not important to
the parent company. However it is the firm headquarters
that are in control and make the major decisions.

Criteria for Research and Development Expenditure

Possibly, too, firm organisational structure will af-
fect the way a company evaluates research and development.
Two questions ebout firm attitudes were included, one con-
cerned with the determination of overall expenditure levels
and the other with the selection of individual projects.
Some general comments are possible but it is difficult to
be precise in many cases, for the factors were often con-
sidered to be so interrelated and interdependent that any
attempt to separate their relative importance was invalid.

Expenditure on research and development within the
firms is, at least in the background, controlled by the gen-
eral economic climate. At present, expenditure 1evels in
many firms were low compared with sales down and firm pro-
fitability levels not as high as those normally experienced.

These were perhaps the most important constraints on the
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amount of research and development expenditure and appeared
to operate independent of firm organisational structure or
industrial classification for all firms were affected to
some degree. Research and development as an activity is
carried out initially because it is past of the firm's busi-
ness philosophy. It is recognised as an important tool
in the firm's growth strategy and, once the firm has been
involved, commitment to such expenditure is usually inevi-
table.

The direction of the expenditure is mostly controlled
by the market situation, Conscious evaluation of market
potentiality, of vacuums that exist and the feasibility of
filling these, is carried out by all firms, Project feas-
ibility includes evaluation, not just of the amount of cap-
ital investment required, but also of the availability of
raw materials and the abilities of the workforce. Thus,
once the more immediate constraint of current firm profi-
tability has been overcome, closer consideration is given
to firm growth strategy and firm competitiveness. What
fields does the firm want to become involved in; should
it concentrate on those in which it already has recognised
expertise; and what new products are going to be most ben-
eficial when added to the present product range? These
considerations seem to operate for all firms independent
of organisational structure.

When deciding what particular projects to work on a
‘number of further factors come into consideration. These
seem to vary, not so much with respect to organisation struc-
ture, but according to the particular industrial groupings.

For example, the pharmaceutical firms prefer to avoid 'me-

-
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too!' products, opting instead for more innovative develop-
ments. Similarly, electronics firms prefer to get invol-
ved in projects of a more complex technological nature,
feeling that greater benefits will accrue to the firm if
they are able to make the necessary technological advances.
One particular firm in the textile industry places emphasis
upon those research and development projects that have the
greatest 'deskilling' component. With the introduction of
equal pay and the high content of female labour in this in-
dustry, they are looking for process advances that can re-
duce the labour intensity of the firm's operations,

Projects must also be selected with close reference
to the present resources and capacity of the firm. As one
manufacturer phrased it, the firm has a 'bias towards ex-
tending our manufacturing and commercial activities in those
fields in which we already have expertise, raw materials
and experience'. Firms also appear to bear in mind the
various institutional incentives, such as those provided by
the Inventions Development Authority and the Industrial Re-
search and Development Grants Scheme, Thus it would seem
that differences in firm organisational structure do not
really act as determinants for the amount of expenditure on
research and development, Further, in the case of indi-
vidual project selection it appears that industrial cléssi—
fication is a more useful explanatory variable of the de-
cisions firms make.

This represents the discussion of the organisational
perspective of research and development. A typology of
firm organisation was established and it has been seen that

the innovative quality of the firm and its willingness and

ability to deal with the uncertainties involved in research
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and development varied for these different classes. Dif-

ferent sources for research and development suggestions
were also examined with respect to firm organisational struc-
ture. Finally an examination of the role of organisation-
al structure in research and development expenditure deci-
sions showed that it was not really a critical factor and
that industrial classification is probably a more useful ex-
planatory variable, The final stage in this analysis of
manufacturing firms is to determine what linkage effects
might be associated with their research and development ac-
tivity.
LINKAGE DEVELOPMENT

Linkages evolve from industrial activity as a result
of the interdependent nature of production processes. A
firm often requires inputs from other firms and may supply
inputs to other firms, giving rise to forward and backward
technological linkages (Hirschman, 1958; Thomas, 1972).
Likewise, the firm has an impact on the market in which it
operates either in the immediate geographical area or dif-
fused throughout the country. Linkages can also be gen-
erated to firms involved in the capital goods industry.
Changes 1in production process techniques may provide a cap-
ital goods firm with the opportunity to manufacture a new
machine or carry out alterations to present production sys-
tems. WVhen looking at these types of linkages discussion
can only be general as the guestionnaire was not designed.
to examine such connections in a quantitative manner,

Market Impact

Any research and development project, if it is applied

successfully, usually causes an increase in sales and in-
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come generation, Even if the project is a product substi-
tute, the sales volume of the new innovation is hopefully
greater, at least after a reasonable time period, than the
replaced product. IOften employment figures are not af-
fected with reallocation of labour occurring rather than
more or fewer people having to be employed. This is es-—
pecially the case for those technological changes which are
evolutionary rather than innovative in nature.

The more innovative advances can often have dramatic
effects upon the firm's growth. For example, one Christ-
church electronics firm began production eight years ago
with a staff of 12. The introduction of their first re-
search and development project was successful, providing
them with increased income and enabling the staff to ex-
pand to eighteen. On the basis of this first product fur-
ther research and development investigation was undertaken
and the product range was extended and diversified. This
diversification has been directly responsible for the firm's
growth, to the extent that staff numbers are now 130, sales
are $1.6 million per annum and exports account for 15 per-
cent of production. For a firm such as this, participa-
tion in the process of research and development has been
concommitant with the total process of firm growth and ex-
pansion.

Research and development can also have positive mar-
ket benefits to a firm if it becomes involved in a new pro-
duct area or line. One firm, for example, had an estab-
lished and successful product range when it elected to man-
ufacture bicycles. This was a completely new development

for the firm in which it has since been able to exhibit

technical leadership to other manufacturers. New plant
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and equipment was introduced for the bicycle manufacture,
production has now expanded to account for 50 percent of

the firm's income, and employment figures increased by about
40 percent, This radical departure from established pro-
duct lines has realised considerable benefits to the firm

in terms of its overall market expansion,

Technological Linkages

Research and development not only has impacts for the
firms in which it is carried out, but generates important
growth-inducing impacts within firms to which it is techno-
logically linked. The improved outputs of one firm may,
in turn, represent improved inputs for another. For exam-
ple, a chemicel firm produced a new form of hot-melt adhe-
sives which, almost immediately, had important advantages
for the construction industry because of improvements that
will be induced in the efficiency and productivity of their
processing operations,

Similarly, major advances have taken place in pack-
aging technology in New Zealand firms. New methods and
new products have been introduced, often in response to chan-
ges in hygiene regulations, These new techniques have im-
portant ramifications for New Zealand's export trade because
it is in the sale overseas of meat, fruit and other perish-
able products that the advances have shown most impact.,
Thus research and development carried out in the packaging
firms, while increasing their own sales, has also enhanced
the exporting opportunities for a number of linked firms.
Further, the innovations involved in the introduction of
frozen foods into New Zealand has lead to rapid expansion

in commercial and domestic freezing equipment and in flex-

ible packaging“companieso Thus growth impacts can be in-
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duced from research and development via technological link-
ages that move backward to suppliers and forward to customers.

Technological linkage impacts also result from the
system of subcontracting. A particular manufacturing firm
may be unable or unwilling to make all the components which
it requires. A useful way of dealing with this is by sub-
contracting. The subcontracted firm is required to de-
velop a particular product, often following specifications
drawn up by the original firm, To attain a reasonable
standard of accuracy and quality the subcontractors may
need to introduce a new piece of machinery into their pro-
duction process., This, in turn, has improved their own
technological capacity and has resulted from their linka-
ges with a research and development oriented éompany. It
is not just from improved technical capacity that the firm
benefits, but this can also have multiplier impacts upon
its own sales, its employment figures and general firm growth.

In some cases this idea of subcontracting may cause
the establishment of a new firm. For example, with the in-
troduction of television there was an increase in consumer
demand for vinyl coated cabinets, a concept which is based
on Japanese technology. The response has been such that
two firms were established in Auckland and one in Wellington
to fulfil such a demand. Once again the linkage connec-
tions involved in research and development have caused sig-
nificant growth impacts., It must also be recognised that
research and development advances in one firm are likely
to have some impact upon that firm's competitors, for they
will obviously undertake activity in some direction to main-

tain their share of the market,



95
Capital Goods Linkages

A furthef type of linkage connection is with the cap-
ital goods industry and benefits here can result from im-
brovements in either product or process technology. A
change in the state of either form of technology may neces-
sitate the introduction of new machinery and equipment in-
to a firm's production process. If this is done by an
outside company growth inducing forces may come into oper-
ation.

From the firms in the survey it appears that the maj-
ority of capital goods, not just those used in the research
and development department but also for general production,
are imported from overseas., This is because of the highly
specialised nature of the equipment, reducing the viability
for any one firm in New Zealand to make such machinery for
a small market. Also, any modifications that are needed
on firm plant are often carried out by their own workshop
staff, In this instance any benefit from the capital
goods linkage would be internalised. But, while the capi-
tal goods linkages appear to be comparatively weak, there
are still instances of positive benefits. For example,
an engineering firm in Wellington has bought twelve pieces
of equipment over the past five years, valued at a total
of $£300,000, all of which have been manufactured by the same
Auckland company.

Spin off!' firms

Research and development can also have an impact in
terms of the establishment of 'spin off' firms, either from
other firms or from other research organisations, Two

examples of this phenomenon have been previously mentioned.
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The firm which evolved from the Physics Department of Auck-
land University was established to produce one particular
product. The total output of this product is exported,
as its highly sophisticated and technical composition is
not oriented to the New Zealand market. The income that
has been gained from this product has enabled the firm to
support further research and development investigations,
which are essentially offshoots of the original product.
Its growth as a firm has snowballed because of the success-
ful application of the original research and development
project.

New firms may also spin off from existing firms and
this has happened twice in the case of one Auckland plas-
tics firm, In two instances & member of the research and
development staff has carried out research and development
work into a new product, developing the dyes required and
producing a technically successful product. .Unfortunate—
ly the main firm did not pursue the marketing function as
vigorously as it could have, with the result that the indi-
vidual concerned left the main firm, established one of his
own, and markets the product concerned. In both cases the
establichment of the new firm has been successful and mar-
keting has been extended to include a sizeable export com-
ponent. Such linkage impacts can occur in a variety of
industrial-groups. In a Wellington chemical firm six em-—
ployees have left to form two separate firms. A pharma-
ceutical firm developed a new process for utilising a hith-
erto wasted by product of the meat industry, resulting in
the establishment of a new firm,

These spin off firms may become of increasing impor-
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tance ,to New Zealand industry. One feature of such firms
is that their initial research and development costs are
relatively low because most of the work has been done in
the firms from which the new organisation has evolved.
(Freeman, 1971). These firms also indicate the benefic-
ial effects of personnel mobility. The transfer of re-
search and development workers from one firm to another
must be an important means of information diffusion. Al-
though this mobility factor might seem immeasurable, its
importance cannot be denied. It certainly represents a
valuable growth inducing linkage connection, even though
its form is rather intangible.

Spatial Dimension

The linkages as described have been sectoral in na-
ture and it is important to remember that they also have a
spatial dimension, (Table 10.1). The tendency for the
firms located in Auckland is for any impacts, both market
and technological, to be concentrated locally. Prefer-
ence is for Auckland firms to do the subcontracting, to
provide components and to serve as the major customers.
This is probably a reflection of the fact that much of New
Zealand's industrial activity is concentrated in the Auck-
land region. By contrast, firms in Wellington often de-
velop technological and capital goods linkages with Christ-
church firms, The Wellington firms claim that Auckland
firms are able to clerge a higher price for their services
because of the inconveniences involved in using firms loca-
ted in other centres. Wellington firms, being at a dif-
ferent geographical location, operate under a different

set of conditions and any delays that may arise in terms

-



Table 10.1: Spatial Pattern of Linkage Development.

Market Technological Capital Goods

Fivn Toeatioh Impacts Impacts ‘ Impact

Regional National Regional National Yes No
AUCKLA ND 15 5 13 7 12 8
WELLINGTON 8 5 5 8 T 6
CHRISTCHURCH 8 3 8 3 5 6
DUNEDIN 4 - 4 - 2 2
OTHERS 12 2 11 v 10 4

Source: Field Survey, 1975.

96
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of transport are more than compensated for by the lower
costs of the Christchurch firms,

Christchurch firms have strong linkages with the im-
mediate geographical area and also place a lot of import-
ance on the use of Dunedin based engineering firms. This
applies equally to both marketing and technological linkages.
Firms in the secondary areas appear to have a concentrated
linkage pattern also although the technological impacts
are somewhat broader. For example, there is a company in
Marton that is actively involved in research and develop-
ment work, Wherever possible their policy is to use local
manufacturers and subcontractors. A Marton panelbeater
bought a new piece of equipment and he now provides all the
sheetmetal requirements. Pirms in Feilding and Palmerston
North also provide a range of components so that any growth
impacts wouldtend to be localised. This is also the case
in the Tokoroa-Kinleith area where many satellite indust-
ries are directly dependent for their existence and survi-
val upon the technological developments associated with
pulp and paper manufacturing.

From this discussion it is seen that a complex of in-
traindustry and interindustry linkages do result from re-
search and development activity. Impacts are generated
for those firms supplying inputs, for those consuming out-
puts and for those of the capital goods industry. It must
be realised that the linkages can be responsible for both
positive and negative effects, for if the expansion of the
original firm is constrained so too is that of linked firms,
In the words of one Christchurchmanufacturer, 'Foundries,

and other sub-contractors are deeply affected by our sales
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rise and fall', It has also been shown that, except for
the Wellington firms, most of the growth inducing impacts
associated with research and development activity tend to

have localised benefits.
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Chapter Four :

THE ORGANISATION OF RESEARCH AND DEVELOPMENT IN

NEW ZEALAND'S RESEARCH ASSOCIATION

The primary aim of all research associations
is to benefit, by the application of research
results, New Zealénd manufacturing and proces-
sing industries, by maintaining their trading
competitiveness on the domestic and overseas
market.

Dr. R.W. Willett, former Assistant
Director General, Department of

Scientific and Industrial Research.

Industrial competition has become increasingly depen-
dent upon technological change and advance in the twentieth
centry, with even the most traditional of industries being
involved in this process. This has led to a reassessment
of attitudes towards industrial research and development,
not onlyin New Zealand but throughout the world. The pre-
vious chapter gave a description of individual firm involve-
ment in research and development along with some discussion
of its impacts and its importance. This new interest in
research and development in New Zealand is also reflected
in a second way, by the establishment of the research asso-
ciations. New Zealand's ten research associations repre-
sent a joint effort by industry and government to improve
the overall efficiency of industry. This applies not Jjust
to agriculture, on which past attention has been concentra-
ted, but also to manufacturing activities. Investigations
are éarried out by the research associations into the pro-

ducts and protesses typical of the industry group, and any
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assimilation of the association's results and suggestions
will almost certainly cause an improvement in the competi-
tiveness of the industry concerned.

For fhis thesis a questionnaire about industrial re-
search and development activity in research associations
was for_mulated and responses were received from seven out
of the ten associations. Because the numbers are so few
in comparison with the number of firms surveyed it is dif-
ficult to differentiate patterns or trends of a widely vary-
ing nature., However, general comments about the industrial
research and development function of these research organi-
sations are possible and, from these, some indication of
their role in New Zealand's Industrial growth can be ascer-
tained.

Research and Development Expenditure

For 1975 the reseazrch and development expenditure
budget (Table 11.1) for the 7 research associations total-
led £2,650,000, 45 percent of which was spent by the Dairy
Research Institute and 23 percent by the second largest as-
sociation. This left five research associations to share
the remaining 32 percent of expenditure. Such figures
give some indication of the different nature of the seven
associations, Obviously there is a large size range, ir-
respective of whether this is measured in terms of dollars
spent, people employed, or quantity of work undertaken.

It is the largest assodiation that has the highest expen-
diture budget, while the smallest has the least.

This differential capacity is also reflected in the
rate of growth of the various associations. Three of them

have no expenditure figures for 1965 as they were not formed



Table 11.1:

Research and Development expenditure in Research Associations

Percentage | Percentage |Percentage | Payroll as a percentage of
Research fova.l Bxjencionre Increase | Government Industry expengiture .
Association 1965 =
1965 1975 1975 1965 | 1975 |1965 |1975 1965 1975
Number 1 - $ 619,000 - - 28 - 72 - -
Coal - $ 262,000 - - 47 - 53 - 67
Concrete - $ 130,000 - - 50 - 50 ~ 50
Dairy $230,000 | $1,200,000 421 43 40 57 60 46 53
Fertiliser $ 35,000 | $ 250,000 614 45 50 oD 50 74 81
Launderers'
Drycleaners, [$ 30,000 | § 53,000 76 50 43 50 | 57 66 71
Dyers
Leather and
Shoe $ 47,000 & 136,000 189 50 50 50 | 50 69 61
Source: Field Survey, 1975

L0l



: 102
until 1967, 1970 and 1972. As far as the percentage in-
crease in expenditure can provide some indication of the
rate of growth and progress of the associations, it can be
seen from the table that the Research Institute of Launder-
ers' Drycleaners and Dyers has the slowest rate of expendi-
ture increase. In fact its 1975 research and development
budget is about two and a half times smaller than that of
the Concrete Research Association established in 1972, Ab-
solutely and relatively, this association appears to be of
least significance. However, this is not to suggest that
the contribution to its industry is any less than that of
the other organisations, as its need for capital investment
may be considerably lower or the particular emphasis of its
research and development programme may be different.

It is interesting to note the breakdown of income
sources. In three out of the seven associations in 1975
the ratio between industry and government finance was equal
while in the other four cases industry provided the greater
share. A similar trend is apparent from the figures avail-
able for 1965 and it seems unlikely that any major altera-
tions will occur in the future. Industry provides its
finance either from member subscriptions or by paying for
specific research investigations, In the first research
association the proportion contributed by industry is par-
ticularly high due possibly to a greater emphasis upon in-
dividual research projects. The fact that industry does
provide a large proportion of the research associations’
income reinforces its accountability to that industry for
its actions.,

It is interesting to note how the breakdown of income

sources compares with some overseas examples. According
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to Table 11,2, industry provides at least half of the in-
come in every country except the Netherlands. The income
gained from contract research is important in some places
and it wouldlbe interesting to learn what significance con-
tract research plays in the activities of New Zealand's
research associations., Possibly this is an activity that
will increase as the degree of involvement by industry in-
creases.

It seems reasonable to anticipate that the research
and development staff payroll would represent the major
item of expenditure. Some capital goods investment is al-
ways required, plus long term expenditure on buildings and
facilities, but it is staff salaries that represent the
major immediate cost. While absolute figures will un-
doubtedly have increased, in proportionate terms this share
of the research and development budget has not really chan-
ged over the past ten years. For the Fertiliser Manufac-
turers' Research Association the figure is particularly
high (81 percent) as this is an association where capital
investment requirements are low. This contrasts with the
Concrete Research Association where immediate expenditure
on long term equipment is probably of greater relative im-
portance, and similarly in the research associations more
concerned with the processing of agricultural products,
where pilot plants and process trials are significant and
do involve a reasonable amount of capital expenditure.
Overall then, this 3,650,000 spent in the research asso-
ciations and the 4,290,000 spent among individual firms,
as discussed in the previous chapter, represents a sizeable

investment by both industry and government in industrial
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Table 11.2: Sources of Income for Overseas Research

Associations.

Research Associations Abroad, 1962
Sources of Income (Percentage of total)
Country

Government Industry Contract Research
Austria 10 50 40
Belgium 31 57 12
Denmark 9 1t 14
France 2 90 -
Germany 30 63 T
Italy 50 50 -
Netherlands 60 7 33
Norway 10 90 -
Spain 50 50 -
Sweden 20 75 5
Source: Johnson, 1973, 195.
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research and development. It is therefore quite important
that a reasonable level of return be made to general indus-
trial growth and development,

Staffing

The number of research and development staff in the
seven associations (Table 12.1) totalled 238 with the range
being from five to 133, The Dairy Research Institute,
which accounted for 45 percent of expenditure, has 55.8
percent of the staff, Its staff numbers have increased
over the past ten years by about 150 percent as part of the
association's general growth and the broadening of work
undertaken., By contrast the Research Institute of Laun-
derers' Drycleaners and Dyers shows no increase in staff
numbers over the ten year period, suggesting that the indus-
try it serves is a fairly stable one and one in which major
technological advances are comparatively unusual. It also
is reflective of the major role that its advisory services
play in the association's general functioning, rather than
more 'research-~intensive! activities,

The number of staff that hold recognised scientific
or engineering qualifications is, for all but two groups,
well over half the total. From the figures it is reason-
able to expect an improvement in the level of scientific
and technological capacity and ability over the past ten
years as the percentage of qualified personnel has certainly
increased. For two of the organisations the figures are
not especially high. The Coal Research Association has

the same percentage qualified as when it was formed in 1967.

A reasonable proportion of this association's activities is
advisory work, wherein experience in the practical situa-

tion is probéhly just as valuable as formal qualifications,



Table 12.1:
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Distribution of Research and Development

Staff in Research Associations,

Total Research and .
Development Staff Percentage Qualified
1965 1975 1965 1975
Number 1 - 33 - 69
Coal - 25 - 28
Concrete - 8 - 38
Dairy 55 133 31 15
Fertiliser 11 21 27 76
Launderers'
Drycleaners 5 5 100 100
Dyers
Leather and
Shoe 8 13 50 55

Source: Field Survey, 1975.
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The figures for the Concrete Research Association are also
comparatively low, due in this case to the fact that it is
only newly established and, as such, has not had suffic-
ient time to establish a scientific reputation distingui-
shed enough to attract qualified personnel.

Tables 11.1 and 12.1 therefore provide some indica-
tion of the growth pattern of the seven research associa-
tions covered, As the demands made of them increase over
time so too will expenditure and staffing figures. This
obviously does not occur at the same rate for every associa-
tion but, irrespective of the scale of operation, there
will almost certainly be beneficial feedback to the indus-—
try groups concerned.

Membership

The system of membership application varies between
associations and therefore it is not always possible to
determine what proportion of industry is actually represen-
ted. For two of the organisations industry finance is re-
ceived by a levy placed on the total amount of production.
The Dairy Research Institute received its financial contri-
bution from the Dairy Board, and the individual firms there-
fore only contribute indirectly according to the guantity
of their exports, In the remaining four cases affiliation
is on an individual basis. The Concrete Research Associa-
tion has 100 percent support'from the cement industry, while
the Fertiliser Mamufacturers' Research Association has 6
members which is all the firms involved in such an activ-
ity. Within the Leather and Shoe Research Association
there is 100 percent support from the tanners and fellmon-

gers with 70 percent representation from footwear manu-
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facturers, The Research Institute of Launderers Dryclea-
ners and Dyers serves three separate groups and includes
70 percent of Laundry and Drycleaning firms, 5-10 percent
of Textile firms and 28 percent of Institutional Laundries,
including hospital boards.

Thus, although the means by which industry contribute
finencially to their particular association does vary the
overall coverage of potential firms does seem to be rea-
sonably high. This would mean that much advantage can be
gained from the research associations findings and can po-
tentially be translated to the maximum benefit of the indus-
try concerned., It should also be noted that the govern-
ment retains some representation on the executive of each
research association but, in general, tends to leave the
association's operation as much as possible in the hands
of the industry.

These comments on expenditure, staffing and member-
ship represent the operational details of New Zealand's re-
search associations, with expenditure and staffing numbers
having generally increased in response to the greater de-
mands made by industry. The interaction between industry
and research association, in terms of general functioning,
has also been outlined. It is now useful to look at the
particular structure of the research and development pro-
gramme of the seven research associations, As was the case
with manufacturing firms, this can be analysed firstly by
differentiating between basic research, applied research
and development, and secondly by looking at product/process
orientation plus the relative role of the advisory functions.

Any similarities or differences in particular emphases will
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possibly give further clues as to the contribution that re-
search and development work within the research associations

can make to national industrialgrowth,

Research and Development Programme

The relative concentration of the associations upon
basic research, applied research and development can be seen
from Table 13.1. Definitions of these three research cate-
gories are the same as those that applied for the manufac-
turing firms. Two of the seven associations are not invol-
ved in any basic research but, in compensation, their con-
centration upon applied research is particularly high.

This is because, in both cases, the raw materials used are
standard, and attention is therefore directed to learning
more about the performance of these materials in production
conditions rather than gaining new knowledge about their
basic gqualities., At the other end of the scale associa-
tion number one spends 40 percent of its research and devel-
opment effort on basic research. In this instance produc-
tion and process performances are being re-evaluated con-
tinuvously and many raw materials need to be appraised in
terms of their applicability to the New Zealand context.
Much basic research is therefore required to learn more
about the physical and chemical properties of such mater-
ials so that industry may take full advantage of the new
technological developments,

The category of applied research assumes at least
equal importance as that of development. In many cases
the applied research category corresponds with the advisory
service that associations provide so that, for example, in

the Research Institute of Launderers', Drycleaners and Dyers
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Table 15.1: Research and Development Programme Emphasis,

Basic Applied

research research Development
Number 1 40 30 30
Coal 20 40 40
Concrete 0 80 20
Dairy 25 40 35
Fertiliser 0 90 10
Launderers',
Drycleaners 10 80 10
and Dyers
Leather and
Shoe 10 45 45

Source: Field Survey, 1975.
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where the advisory function is of major significance the
emphasis on applied research is correspondingly high. The
Concrete Research Association which also has no basic re-
search component, was only established in 1972 and has
therefore probably elected to concentrate on those projects
which offer more immediate returns. Also, much of the
basic research that would be applicable to this research
association is already being carried out in other research
organisations so that duplication of such effort is best
avoided.

The development phase of research and development ac-
tivity makes up the final component and, while all the as-
sociations engage in this work to some extent, at no stage
is it of greatest importance. Its highest representation
is in the Leather and Shoe Research Association. In this
particular organisation there have been some recent major
process advances which have potential growth impacts for
the industry concerned. This potential has only been rea-
lised because equal emphasis has been given to the applied
research and development phases; that is, a conscious at-
tempt has been made to apply the results to the various
processing stages.

While British industry has more research associations
than New Zealand, it is possible from the following table
(Table 13.2) to appreciate the relative emphasis on basic
research, applied research and development within their
system, Generally, basic and applied research are more
important than the development category, which is similar

to the New Zealand situation., Most of the British research

associations give significant emphasis to basic research,



Table 13.2: Breakdown of the Research Association's Current Expenditure by Product Group into
Basic Research, Applied Research and Development, 1968/69.

Percentage of total Expenditure
Research | Research | Development
Food, Drink and Tobacco 49.9 44,1 6.0
Pharmaceutical Products and Plastics 259 50.7 13.4
Chemicals and Coal Products 25.1 55.7 1942
Iron and Steel 30,2 40,5 29.3
Non-Ferrous Metals 24,4 45.7 2949
Mechanical Engineering 29,7 46,3 24.0
Metal Products not elsewhere specified 29.5 39.6 30.9
Ships and Marine Engineering 10,0 779 1241
Scientific Instruments 20,3 572 22.5
Electrical Engineering 30.6 593 10,1
Motor Vehicles 29,0 71.0 -
- Railway Equipment - - -
Textiles and Man-made Fibres 123 Thad 13.4
Clothing, Footwear and Leather 1967 45.3 35.0
Stone and Clay products 9.8 17 18.5
Timber, Furniture, Paper, Printing and Publishing 1843 54.4 27 .3
Rubber and Rubber Products - T4.9 25.1
Other Manufactures 20.0. 5343 26.7
All Product Groups 2345 5T7.4 19.2

cLi

Source: Johnson, 1973, 217.
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a trend which can be expectéd to consolidate in New Zeal-
and as the research associations become more closely inte-
grated into the industrial system.

The average relative distribution of research and de-
velopment effort in the New Zealand research association
is for 15 percent of expenditure to be allocated to basic
research, 57.8 percent to applied research and 27.2 percent
to development. This compares with the respective figures
of 3.4 percent, 28.2 percent and 68.4 percent for research
and development activity in individual firms. Probably
the most obvious difference in emphasis is the concentra-
tion in the research associations upon the more fundamen-
tal phases of research and development, Basic research is
by definition speculative and long term, with results in-
evitably being uncertain. Because of the degree of risk
involved individual firms are unwilling to engage in such
work, whereas the research associations are not operating
under such immediate profit compulsions, This is there-
fore one way in which the research and development programme
of the research association can readily supplement that of
individual firms,

It is for similar reasons that the research associa-
tions are more concerned with applied research work, Ap-
plied research tends to concentrate on problems common to
the majority of industry members. By preventing duplica-
tion of such effort on the part of individual members, this
represents important savings in resources to the industry
as a whole. Development work is comparatively less im-
portant to the research programme of the associations be-

cause this is closely linked to the commercialisation phase
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of innovation introduction, This is where the member firms
become more important in their efforts toassimilate the as-
sociation's research results. The successfulness of this
assimilation process is reflective of the degree of inte-
gration énd interaction that occurs between research asso-
ciation and industry.

As far as future changes in emphasis are concerned,
the response was quite predictable, The Concrete Research
association anticipates an increase in the role of develop-
ment for the reasons previously outlined. The Coal and
Leather and Shoe Research associations expected a relative
increase in basic research; the Fertiliser Research Asso-
ciation and the Research Institute of Launderers', Dryclea-
ners and Dyers expected an increase in applied research
wvhile two anticipated no real proportionate changes. filG
would appear that the research associations are going to
become more concerned with the basic end of the research
and development continuum, particularly as research and de-
velopment activity within member firms increases in signi-
ficance and becomes a more integral part of the firm's gen-
eral functioning. This is a predictable trend, for New
Zealand's small scale manufacturing enterprises are becom-
ing more aware of the fact that a programme of basic re-
search is best sustained by cc-operative effort rather than
on an individual basis.

Thus the research and development programme of the
research association must be constructed with close refer-
ence to the needs of industry. Generally it will have a
brozder frame of reference than the work of individual

firms because the associations are not subject to daily
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production pressures, However, the work must at all times
serve the best interests of industry members and take into
account the feedback that comes in from the field.

Product/Process Orientation

A further dimension to the programme's integration
into industry's requirements is given by the particular
product/process orientation of research and development ac-
tivity; As far as the work programmes for the associa-
tions are concerned, five categories of activity can be
delineated and their relative significance is portrayed in
Table 14.1. The first variation of this table from that
for the firms is the inclusion of the category advisory ser-
vices, This service represents an important part-of a re-
search association's functioning with all but one of the
organisations being involvéd. Advisory services account
for a large amount of the applied research that is carried
out. Firms approach the research asscciation with prob-
lems and advice is given once the investigations have been
conducted. The association most involved with this type
of work is the Research Institute for Launderers', Dryclea-
ners and Dyers which, as was previously shown, was the one
to grow at the slowest rate and had the greatest emphasis
on applied research. This association chooses to provide
a scientific advisory service to the industry group it ser-
ves rather than being concerned with developing new techno-
logiczal advances., The advisory services also perform an
important role in bridging the communication gap between
research association and industry. Discussion about par-
ticular problems provide a useful means for industry feed-

back and a method by which the association can determine



Table 14,1:

Programme Distribution between Products, Processes and Advisory Services.

Develop new Modify existing Develop new Modify existing Advisory
products products processes processes Services
Number 1 20 20 15 15 30
Coal 10 0 30 30 30
Concrete 20 40 40 0 0
Dairy 15 30 15 30 10
Fertiliser 10 10 10 60 10
Launderers',
Drycleaners 0 5 10 20 65
and Dyers.
Leather and
Shoe 15 15 15 15 40
Source: Field Survey, 1975.

9Lt
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priorities for its research programme,

In five out of the seven associations the attention
given to process development is at least equal to or grea-
ter than that given to product development, Only two as-
sociations give greater emphasis to product work. This is
in strong contrast to the research and development work
that was analysed in the individual firms, where concern
for products was greater than that for processes in 77 per-
cent of the cases, Further, the emphasis is on modifica-
tion of existing products rather than the development of
new ones, Process research is more important to the asso-
ciations because its long term and more basic nature can-
not be readily assimilated into the research and develop-
ment programme of many firms. For example, in the Ferti-
liser Manufacturers' Research Association, modification of
processes, in this case investigating the uses of the com-
mon raw material, needs to be conducted on such a large
scale that the maximum advantages accrue when the work is
supported cooperatively and is carried out by the associa-
tion. Similarly, there is the reduced emphasis on product
development which is the type of work that is easily con-
ducted by separate compznies with reference to their indi-
vidual growth strategies, This illustrates further the
complementary nature of research and development activity
carried out by research associations and by industry.

Sources of Project Ideas

This association-industry integration is evident too
when looking at the source of ideas for research and devel-
opment projects. Figures averaged out for the seven asso-

ciations show that association personnel provide 42.8 per-—
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cent of the ideas, the industry served provides 48.5 per-
cent and other research organisations 8,5 percent. This
almost equal importance of association and industry ideas
suggests that the research associations are well aware of
their accountability to industry and the need to dovetail
their projects to fit closely into industry's needs and in-
terests. The association personnel perform the function
of technological gatekeepers, keeping abreast of the latest
technological developments, while the industry people pro-
vide the problems that arise out of the practical produc-
tion situation. Other research organisations are able to
contribute also, particularly where there is some overlap
in terms of materials used. For example, if the dairy in-
dustry needs specialised materials for the construction of
a particular plant it would be to its advantage to consult
with the findings of the association serving the building
industry. This type of interaction is well summarised by
the director of the Concrete Research Association when des-
cribing his own research programme: "There are two types
of research: (1) research projects of wide interest to
industry, selected by the Association; (2) specific re-
search arising from problems and needs to which the industry
draws attention".

Criteria for Project Selection

A1l of the research associations seem to be aware of
the fact that the primary reason for their establishment is
to improve the state of competitiveness of their industry.
This comes from looking at the criteria associations con-
sider when evaluating a particular research and development
project (Table 15.1). Either directly or indirectly the

goal of indué%rial growth is apparent. For the first asso-



Table 15.1: Ranking of Criteria for Selection of Research and Development projects,

Coal| Concrete | Dairy | Fertiliser %?ggigggggé, gﬁgtggge
an ers.
Improved firm productivity 4 5 4 2 1 3
Greater efficiency for industry 3 4 2 1 2 2
Development of domestic markets 1 2 5 5 - -
Development of export markets - - 1 - - 1
Use of new natural resources 5 2 - 4 - 4
Better use available resources 2 1 3 3 - -

Source: Field Survey, 1975.

6LL
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ciation improved productivity for firms is the prime con-
sideration. This is because most of the problems in this
industry are the result of the lack of application of exis-
ting rinciples and techniques. It has been estimated that
if the efficiency of the industry can be increased 5 percent
by the application of existing knowledge, costs for New
Zealand could be reduced by $20million a year, Thus, by
improving firm productivity industrial growth will result.
Firm productivity is also the prime consideration for the
Research Institute for Launderers' Drycleaners and Dyers,
and this is largely achieved by the emphasis given to its
advisory services.

The Dairy Research Institute and the Leather and Shoe
Research Association are concerned firstly with the devel-
opment of new and enlarged export markets. Both associa-
tions are involved in the processing of agricultural prod-
ucts and therefore any expansion in export markets will heve
growth impacts for the industry as a whole, Similarly,
the Coal Research Association is concentrating upon expand-
ing the domestic market for its raw materials., This 1s
done by improving the processing and distribution tech-
neques of the industry and any advances made will hopefully
encourage more widespread domestic use of this raw materizl,
The Concrete Research Association emphasises better use of
available natural resources which, if achieved, must lead
to improved efficiencies and productivities to both firm and
and industry. The Fertiliser Manufacturers Research Asso-
ciation sees greater efficiency for industry as the factor
receiving greatest consideration in the selection of pro-

jects. In this association all firms of the industry are
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members and all are involved in processing the same basic
raw material. There is little diversity of interests
among the members, so industiry efficiency readily becomes
the central concern.

The ranking of factors in project selection varies
somewhat among the research associations because of the
different resource bases and different markét orientations
of the industries concerned, Howvever, the principle ob-
Jective behind all projects is the enhancement of the in-
dustry's efficiency and trading competitiveness., From
such considerations it is therefore reasonable to antici-
pate that the research and development work carried out in
the research associations certainly will have bheneficial

growth impacts for the industries concerned.

External Technology

An attempt to determine what role the research asso- ‘
ciations play in controlling the inflow of external sources
of technology and in developing new forms of technology was
largely unsuccessful, For the vast majority of firms
analysed overseas sources represented the major supply of
technology. This technology supply can flow directly to
the individual firm or be channelled through the research
associations. For example, in the Leather and Shoe Re-
search Association, it is regarded zs one of its major func-
tions to introduce overseas technology. Investigations
into external technologies are carried out to determine
whether or not they can be used to advantage in New Zealand.

The introduction of one piece of overseas technology can

have multiple effects upon the total production process,

so its characteristics must be carefully examined in both
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the short and long term context.

A similar principle applies for research association
one. This association acts as a channel for overseas tech-
nology, carrying ouf investigations into applicability for
the New Zealand context. The small size of the New Zeal-
and market and the différences in physical conditions re-
stricts the feasibility of many overseas developments. The
Fertiliser Manufactﬁrers' Research Association is at pre-
sent conducting one investigation which, on completion, will
represent a "new' form of technology. But because of the
long term nature and large scale of this project it recei-
ves low priority in terms of overall research and develop-
ment work, and probably will not be completed for quite |
some time. The Dairy Research Institute because of its
greater scale of activity, has been involved in the intro-
duction of both types of technology but there were no real
differences that arose during the marketing and production
application of the two types of technological developments.
Probably the problems associated with marketing and produc-
tion will, to a large extent, be borne by the individual
firms adopting the new technology, because this is essen-
tially a part of the commercialisation phase of innovation
adoption.

The role of research associations in the international
process of technological transfer seems a little unclear.
Each association must to some extent be involved in apprai-
sing and evaluating technological developments that origi-
nate from overseas, while some are alsq concerned with de-
véloping new forms of technology themselves. Any advances

that are made will,-at some stage, have an impact upon the

industry's income generation, whether just through an in-
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crease in sales or through the introduction of more plant
or the establishment of a new firm, Such impacts are dif-
ficult To quantify,_at least in terms of the questionnaire
used in this study. Possibly this is an area in which
closerianalysis and investigation would be advantageous,
not just for industry but for gaining a greater understand-
ing of the process of technological transfer internation-
ally and intranationally.

Influence of Firm Characteristics

It is very seldom that the member firms of a research
association show any uniformity in terms of structural or
organisational characteristics, Because of such differ-
ences and diversities of interests it is reasonable to hy-
pothesise that firms have different demands of theif re—
search association, This was certainly found to be the
case when differentiating on the basis of firm size. Small
firms require on the spot advice to deal with a variety of
trouble-shooting problems. Proportionately they make the
greatest number of demands of the research associations but
the inquiries are less innovative in nature. They seek
advice on productivity methods, want tests carried out on
particular materials and need information about standards
specifications.

The larger firm, often with its own research and de-
velopment facilities, does not require this service to the
same extent and may prefer the research association to be
involved in more basicwork, providing background material
for its own research. In comparison with the smaller
firms, the larger firms often have the technical capacity

required to deal with short term or immediate problems,
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Hence the concern with research and development rather than
just advice. This trend is not without exception of course,
' for the research and development activities of the small
research-intensive firms described in the previous chapter
must be acknowledged.

Differences in requirements between science - and non
sciencebased firms were apparent in the Leather and Shoe
Research Association. The tanning industry is scientifi-
cally based and its demands are technologically more com-
plex than the footwear industry which is not as scientifi-
cally concerned, Publicly owned firms in the Fertiliser
Manufacturers' Research Association had a more restricted
production range than those that are privately owned and
therefore its research and development requirements were
somewhat narrower. Further, in one association overseas
ownership was to some extent a disadvantage with respect
to the speed of getting technological change accepted by
the parent company, as they were often out of touch with
the local situation and had little appreciation of the
need for change. Variations in the differences of scien-
tific base and ownership patterns were found in one or two
of the associations but could not really be regarded as
typical of all seven., The only general differentiation
of funcfion was caused by firm size,

The firm size variable is also important when deter-
mining whether the research and development activities of
the associations are complementary to or a substitute for
private research. In four of the research associations
(Coal; Concrete; Dairy; Launderers, Drycleaners and

Dyers) there is no private research carried on within the
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industrial groups represented. In the other three orga-
nisations research and development work is complementary,
more particularly with respect to the larger firms in the
industrial groups. The work done in these firms is nor-
mally confidential to the firm concerned so that any bene-
fits are internalised. Co-operation also exists between
research associations and work done in universities and
other government departments, always with the intention of
avoiding duplication and of maximising the use of the faci-
lities available. The relationship between research and
developmént in associations and in industry is a dynamic
one and it is expected by all associations that the future
amount of private research will increase. This will large-
ly be a byproduct of the associations' attempts to improve
the research and development facilities in individual firms
which will, in time, promote general industrial growth.

The analysis of research associations thus far has
dealt with the general functioning of industrial research
and development activities. The generzl principles of
expenditure, staffing and membership have been outlined.
The nature of the research and development programme and
the criteria regarded as important in deciding the pro-
gramme balance have also been considered. Further, the
role of the research associations in the international
technological process was briefly outlined. The over-
riding principle behind the analysis is that the industry's
efficiency and competitiveness. Embodied technological
changes that occur within the research association épe
readily diffused to member firms. The diffusion of an

innovation developed within a noncompetitive organisation
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such as New Zealand's research associations will take place
more quickly and on a broader scale than an innovation de-
veloped in an individual firm, Possibly there will also
be some differenceslin the resulting growth impacts, either
in terms of direction or degree, caused by this different
diffusion pattern. This is something which is not exam-
ined within this thesis but would certainly be of interest
when examining the general process of technological change
for any country.

Locational and Linkage Impacts

Overseas illustrations can be found of instances where
a research association, often in conjunction with other re-
search organisations, has acted a2s a locational attraction
with respect to the siting of individual firms. (Clarke,
1971; Buswell and Lewis, 1970). Either a new firm is
founded in close proximity to such a science complex or an
established firm relocates to take advantage of reduced
costs in the acquiring of the latest technology., Two sci-
entific complexes of a reasonable scale exist in New Zealand,
;ne teing at Gracefield, Lower Hutt where three research
esscociations are housed in the same building and near to
two of the Department of Scientific and Industrial Research
industrial divisions. The second example is at Palmerston
North where two research associations are located adjacent
to some Department of Scientific and Industrial Research
divisions and Massey University.

However these two science complexes have had no loca-
tional impacts with respect to individual firms. No com-
pany has relocated to take advantage of these pools of sci-

entific and technological capacity. Perhaps the costs of
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acquiring new technoiogy in New Zealand are not signifi-
cantly spatially differentiated, and this may be a result
of the successful functioning of the advisory services of
the research associations, Possibly too, the scientific
infrastructure of New Zealand is not developed to the ex-
tent that such locational impacts would occur. In terms
of their influence as a locational attraction, it must be
concluded that research associations have no real impact
in the New Zealand industrial scene.

Another possible impact is for the association to pro-
mote the establishment of a new firm or new plant. Iso-
lated examples of this were found in the various industrial
groups of the firms analysed in the previous chapter and
this is also the case with the research associations. For
exanple, the Coal Research Association developed an impro-
ved means of processing its basic raw material which was
embodied in a new domestic heating unit. This development
was adopted by a firm in Winton who set up a new factory
and now supply the product to a national market. All of
this firm's expansion over the past four years can be direct-
ly attributed to the adoption of the process modification
developed by its industry's research association.

Similar developments have occurred within the Dairy
Research Institute. With evolutionary improvements in pro-
cessing techniques there has been a widespread amalgamation
process within the dairy industry. A number of small firms
combine to form one large firm which locates centrally with
respect to its particular supply area. As well as this
relocation effect, product and process advances have stim-

ulated the need for new plant and equipment to be intro-
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duced. Such expansions occur throughout the whole indus-
try with some specific examples being at Warkworth where

a change was made from butter to mechanised cheese produc-
tion; at Longburn with the introduction of a milk biscuit
plant; at Featherston with a change from casein to milk-
powder; and at Eltham where fancy cheeses were introduced
into the product range. The amalgamation phenomenon has
meant significant impfovements in the efficiencies and pro-
ductivity of the industry as a whole, while the introduction
of new plant has enabled general expansion and growth,

This is directly a result of the research and development
work carried out within this particular association,

The Leather and Shoe Research Association has also
been able to generzte such impacts as a result of its re-
search and development investigations, From their work,

a greater degree of processing of the tanning industry's
raw materials can now be carried out before the product is
exported. Unprocessed exports are replaced by semipro-
cessed exports. This represents a considerable increase
in earnings with the value of leather exports rising from
$2 million to £5 million., This processing improvement
has also made possible the establishment of six new tanner-
ies to take advantage of this particular advance. These
firms are located at Napier, Hastings, Wanganui, Washdyke,
Oamaru and Invercargill. Once again the work of a re-
search association has had pesitive growth impacts for the
industry concerned.

As far as the capital goods industry is concerned,
any impacts are very weak. The majority of equipment used,

both for researchand development work and any general pro-

-
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duction requirements, comes from overseas., The highly
specialised nature of the requirements does not make it
feasible for New Zealand firms to be involved in such manu-
facturing. Probably the only association that is able to
provide regular custom for the capital goods industry is
the Dairy Research Institute. This association is very
much involved with continual improvements in processing
technology. Sometimes this necessitates the introduction
of new machinery or the modification of present equipment.
This can be carried out by New Zealand firms, with the ones
in the immediate geographical area having first advantage
if they are able to do the work required,

From this analysis it is possible to see that re-
search and development activities undertaken in the research
associations do have significant industrial impacts. Minor
technological advances can be important in improving the
way in which production is carried out and the general tra-
ding competitiveness of the industry while the more innova-
tive technological advances could cause the establishment
of new firms and effect deeper changes in the industrial
structure. It is the case in every research association
that the distribution or concentration of these impacts fol-
lows closely the industrial distribution pattern. The
benefits generated by the Coal Research Association will
obviously be distributed in close relation to the location
of the coal fields and the firms that are working there.
The activities associated with the first research associa-
tion are ubiquitous in location, so any growth impacts tend
to follow the general pattern of population distribution.

Similarly, the footwear and tanning industries are concen-
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trated in Auckland and Christchurch, so the direction of
any growth inducing impacts emanating from the Leather and
Shoe Research Association will tend to be concentrated ac-
cordingly. The general conclusion from this analysis is
that New Zealand's research associations are very conscious
of their accountability to the industry they serve and are
constantly endeavouring to effect improvements in their

overall trading competitiveness.
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Chapter Five

CONCLUSION

This thesis has examined the nature and role of in-
dustrial research and development in New Zealand. Analy-
sis has proceeded by investigation of two groups of orga-
nisations involved in research and development; manufac-
turing firms and research associations. In the first case
it was suggested that manufacturing firms are primarily
concerned with the adoption and adaption of overseas tech-
nology. Their research and development activities were
examined generally, sectorally, organisationally and in
terms of their linkage impacts. |

The surveyed manufacturing firms employed 490 people
fulltime on research and development, with overrepresenta-
tion evident in those firms having the largest research and
develcpment units, Research and development expenditure
for 49 firms totalled $4,290,000 with 33 percent of the lar-
gest firms accounting for 71 percent of the expenditure.

In absolute terms research and development appecred to be
more significant in the largest firms, However, when re-
search and development expenditure was related to total

sales no such concentrations were evident. Large size was
not a prerequisite for involvement in research and develop-
ment and small firms were just as innovative as larger firms.
This shows that any evaluation of research and development
activity in a number of firms needs to consider factors

such as research intensity and the technological base of a
firm as explanatory variables in addition to firm size.,

Firms gave greater emphasis to product development
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than process development and, within this, to development
of new products rather than the modification of existing
ones, Because process technology tends to be more complex
and long term than product technology, overseas technologi-
cal sources become important, a consideration which sup-
ports the basic premise put forward for manufacturing firms,
On average, firms spend 68,4 percenf of research and
development effort on development, as compared with 28,2
percent on applied research and only 3.4 percent on basic
research, The major emphasis on development suggests the
importance to the firms of external and overseas sources
of technology. Development was more important than ap-
plied research in all firm size categories. Interestingly,
basic research received its greatest emphasis in the non-
metropolitan areas, The type of manufacturing activities
carried out there are, in some cases, quite different from
those of the metropolitan centres which suggests the pos-
sibility of another research and development diffusion pat-
tern following industrial communication channels rather
than the urban information networks. Basic research is
generally of such minor importance because, as Hamberg
(1963) suggests, most firms are profit motivated and neces-
sarily concentrate upon those projects that give relatively
immediate payoffs. Basic research is too speculative and
long term for many firms to be able to support individually.
Overseas technology represented the major source of
technology for 70 percent of the firms, Only for € per-
cent of firms was New Zealand technology of greatest im-
portance. Overseas technology not only provided the basis

for firm product and process technigues, but also stimu-
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lates further local modifications and improvements, Such
figures suggest that manufacturing firms are indeed invol-
ved in the adoption and adaption of overseas technology.
The overseas sources of technology were least important in
the nonmetropolitan areas which reflects firstly the unique-
ness of raw materials involved in some of the manufacturing
activities and, secondly, the fact that the nonmetropoli-
tan areas are probably less integrated into the national
innovation diffusion-adoption process. This innovation
process does involve regional imbalances and it seems that
New Zealand's nonmetropolitan areas may be at a compara-
tive disadvantage.

A classification of organisational structure for the
manufacturing firms was proposed and it was found that ba-
sic research is most emphasised in the small New Zealand-
owned firms. These are firms of high research intensity,
often involved in technologicelly complex activities, and
which develophighly sophisticated products, Contrary to
Galbraith's assertions, innovativeness does not require
bigness., Applied research is most important in the lar-
ger New Zealand firms which suggests that they are involved
in scaling down and adapting overseas technology to suit
New Zealand conditions. In the subsidiaries of overseas
companies, basic research is of negligible importance and
development is quite significant, again reflective of the
dependence on overseas technology sources. The commer-—
cialisation rate of projects was fairly constant for the
firms, while market success rates were greatest in Classes
3 and 4. The coupling process between research and de-

velopment and marketing staff is critical, This is one



134

aspect where further investigation is necessary for coup-
ling breakdown is responsible for a large number of marke-
ting failures.

Research and development expenditure appears to be
initially influenced by the general economic climate.

The direction of expenditure is influenced more by market
considerations and these are subject to different inter-
pretations by the various firm organisational classes. A
consideration of firm growth strategy becomes important
with decisions being made on which product lines to concen-
trate upon and in what directions new ventures should be
made. The criteria for individual project selection is
explained best by industrial classification rather than or-
ganisational structure. What is wanted from a research
and development project varies, with a firm manufacturing
food products looking for immediacy of returns, while an
electronics firm is concerned with the technologically more
complex projects and a textile firm is looking for the pro-
ject moet conservative of the labour input, Such environ-
mental and behavioural features of the firm as an organisa-
tion need to be considered more carefully if a better un-
derstanding of research and development and the more gen-
eral process of technological change is to be gained with
respect to the New Zealand manufacturing sector.

Research and development activity in the manufactur-
ing firms does show some growthinducing linkage impacts of
the types suggested by, for instance, Hirschman, Lasuen,
Pred and Thomas. The degree of any market impacts gener-
ated by a research and development project, and measured

by variables such as increase in sales and/or employment,
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seemed to be dependent upon the degree of technical advance
of the project and the extent to which the product varied
from the established product range. The beneficial ef-
fects of the research and development project were there-
fore reliant upon the position of that project on an evo-
lutionary-innovative continuum of technological change.

The linkages to the capital goods industry appeared to be
fairly weak with many impacts going directly overseas or
being internalised within the firm itself.

lany growth-inducing technological linkages, both lack-
ward and forward in direction, were developed, The phe-
nomenon of subcontracting was important in causing either
an increase in production for an existing firm or the estab-
lishment of a new firm, The benefits of these linkages
tended to be concentrated spatially. This was particu-
larly the case in Auckland where reliance upon local manu-
facturers and subcontractors was greatest. Auckland does
not appear to be significant in promoting growth opportuni-
ties in other centres as a result of its research and de-
velopment activities., This is in contrast to Wellington
where many technological linkages were established with
South Island firms and a broader diffusion of research and
development growth impacts was evident,.

The diffusion patterns of these growth impacts gener-
ated as a result of research and development activity is an
area requiring more explicit investigation. It would be
invaluable to learn about the frequency and intensity of

linkage connections between different industrial groups and

the different spatial areas. Just how important is the

Auckland metropolitan centre in promoting growth in other

areas and diffusing external benefits? Or, are the majority
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of growth impacts concentrated internally within Auckland,
serving to cumulatively reinforce the growth of that area.
New Zealand's research associations were established
with the objectives of improving the efficiency and tra-
ding competitiveness of the industry they serve. If these
objectives are met to any extent some industrial impacts
must arise from research and develcpment activities. Some
$2,650,000 was spent on industrial research and development
in the seven associations surveyed, with a total of 238
fulltime staff being involved. The Dairy Research Insti-
tute accounted for 45 percent of the total expenditure and
55.8 percent of the staff, indicating a wide range of size
and scale among the research associations. This is not
to suggest that the smaller associations are less benefic-
ial in terms of their contribution to industry. L1l of
the associations have a reasonable proportion of potential
firms as members so that any growth benefits transmitted
from the research associations can have fairly broad impacts,
The research and development programme of five out
of the seven research associations gives at least equal em-
phasis to process as compared with product developments.
Furthermore, concern is for modification of exis;ing prod-
ucts rather than new developments. Process technology is
more important than in the individual firms because re-
search associations are able to operate reasonably inde-
pendently of profit compulsions and financial constraints
and are therefore able to support the more complex, longer
term work implicit in processing technology. Similarly,
the research associations, on average, give greater atten-
tion to basic research and applied research (72.8 percent

of total effort) than do individual firms. It is easier
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to sustain this more speculative, more fundamental research
on a co-operative than an individual basis. Firms are con-
cerned with commercialisation and development while the re-
search associations.may concentrate upon the more innova-
tive technological advances.

The different emphasis between manufacturing firms
and research associations suggests the complementarymture
cf the research programme of the firms and the associations.
Duplication of effort can be readily avoided and the find-
ings of the associations' research and development activity
can serve as inputs for the research and development acti-
vity of the manufacturing firms. Three of the associa-
tions explicitly see their work as complementary to re-
search done within firms, particularly those firms opera-
ting on a larger scale. For four of the associations
their work acts as a substitute as no private research is
conducted, The complementary nature of some of the pro-
grammes points to the need for close interaction between
industry and research association. The research associa-
tion is accountable tc industry for its actions, particu-
larly as industry provides at least half of its income.

In view of this, industry-association interaction is vital
especially if the results of the association's programme
are to be translated for the maximum benefit of industry.

The criteria considered in the selection of parti-
cular research and development projects illustrates how
aware the researchassociations are that they must help to
improve their industry's efficiency and competitiveness.

No attempt has been made to quantitatively measure effic-

iency advances in this thesis, and possibly this is some-
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thing that could be researched into further, but éome qual-
itative evaluations were possible, Either directly or in-
directly the goal of industrial growth was appareﬁt from
the research and development projects selected. In some
cases this could best be achieved by increased sales of
raw materials, either locally or through the development
of enlarged export markets, In another case, improvement
in individual firm productivity was the most suitable means
of improving general industriel efficiency. Whatever the
means, contribution to industrial growth is the foremost
consideration for all the research associations when deci-
ding upon the composition of their research and develop-
ment progreamme.

Locationally, New Zealand's research associations have
had no impacts. No firms have located or relocated along-
side one or a group ¢f research associations in order to
take advantage of the pool of scientific and technological
resources. However, there are examrles of 'spin off' firms
established to market a new product that has been developed,
or established in response tc new zdvances made in process-—
ing techniques. Expansion of existing firms, in terms of
the introduction of new plant and increased production cap-
acity, has also occurred. Forward and backward technolog-
ical linkages of the type described for individual firms
are not really relevant forthe research associations be-
cause of their different system of functioning.

The spatial diffusion patierns of the industrial im-
pacts that are-generated by the research associations' re-
search and development investigations vary for the differ-
ent organisations. The diffusion patterns do not appear

to be closely'}elated to the structure of the urban hier-
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archy. Instead, they follow the distribution pattern of
the industrial group concerned, or the distribution of raw
material locations._ Any similarity between the diffusion
of research and development growth impacts and the struc-
ture of the urban hierarchy would only occur if, say, the
industry's distribution mttern resembled the distribution
of population, Thus, it is not automatic that the larg-
est metropolitan centres will be the first to benefit from
any research and development work that is carried out in
the research associations. Accountability is firstly to
industry and it is in accordance with this that the growth
impacts will be distributed.

Although the manufacturing firms surveyed are essen-
tially technologically adaptive by nature, the research and
development activity that is carried out often results in
significant product and process developments. These tech-
‘nological changes, whether they be evolutionary or more in-
novative in character, can have positive growth inducing
impacts for industry. Production capacity does increase,
new products introduced, firms are established in response
to new demands induced by research and development investi-
gations, The principle behind the establishment of a re-
csearch association is for it to make some industrial im-
pact. Process developments make possible improved produc-
tion efficiencies within member firms., New or improved
products enable industry to expand its markets, both inter-
nally and overseas, thereby improving its trading compe-
titiveness. The evidence presented in this thesis con-
firms the hypothesis that research and development can,
and does, have an industrial impact. Research and devel-

opment, and the more general phenomenon of technological
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change, can make important contributions to industrial

and economic growth and development. An increased involve-
ment in industrial research and development, by both indi-
vidual manufacturing firms and the research associations,

must almost inevitably be to the country's good.
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Appendix 1:

QUESTIONNAIRE FOR FIRMS ENGAGED IN

INDUSTRIAL RESEARCH AND DEVELOPMENT

1. Details of firm:
: Number Type of
Name | Location | pnpioved |activity
Firm
Branch
Plant(s)
Subsidiary
(ies)
2a Research and Development (R. & D.) Department:

(1) How many people work in the R. & D. Department?
1975
(ii) How many of these have recognised scientific
or engineering qualifications? 1975 %

(iii) What is the amount of expenditure on R. & D.
within your firm? 1975

(iv) What would be the proportion of R. & D. expen-
diture to total sales? 1975 %

3. What is the relative distribution of your present R.
& D. projects?

-~
L=

develop new products

modify existing products %
develop new processes %
modify existing processes %
4. How is the firm's R. & D. Expenditure distributed
among -
basic research %
applied research %
development %
5. What is the distribution of present R. & D. projects

according to anticipated length of time before com-
pletion, both technical and commercial?
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% Distribution

Technical Commercial

Within 2 years
Between 2 and 5 years

Longer than 5 years

6. What would be the typical origins of your R. & D.
projects?
Suggestions from R. & D. staff %
Suggestions from marketing or
production staff %

Suggestions from 'higher' manage-
ment %

Suggestions from branch plants and/
or subsidiaries %

Suggestions from sources external
to firm organisation., %

Ts (i) Are R. & D. activities centralised in the
firm's headquarters? Yes No

(ii) Are R. & D. activities also carried out in
a) branch plants Yes No
b) subsidiaries Yes No

Comment on how the type of work varies in compari-
son with that at firm headquarters.

8. In determining the amount of total R. & D. expendi-
ture, what other factors does the firm take into
account?

- present sales
anticipated profitability of particular project
competitive position of firm,
current state of firm profitability
firm's growth strategy
other.

9. (i) what factors are considered in the selection of
individual R. & D. projects? '
anticipated profitability
immediacy of returns
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11 .

12.

13.

143

complexity of technology involved
others.,

(ii) what percentage of technically successful pro-
jects are commercialised % o

Does this always occur within your own company?

Yes No

Comment on the reasons for the 'non-commercialisa-
tion' of particular projects.

(iii) Once commercialised, what percentage of pro-
jects actually become market successes?

%

Comment on reasons for failures.

Is your firm more concerned with -
- adapting or adopting technology that is already
being used in New Zealand.

-~ Adapting or adopting overseas technology into the
New Zealand context.

- developing totally 'new' technology, in both a
national and international context. (Examples of
this).,

Comment on the varying nature of the problems asso-
ciated with the introduction of those different forms
of technology.

Is it possible to trace the market impact of, say,
three significant R. & D. projects? Include com-
ments on -

Sales employment
exports productivity.

(i) Where were the capital goods required for the
establishment of your R. & D. department pur-
chased?

N.Z. % Overseas

(ii) Has the introduction of external technology
into New Zealand by your firm ever resulted in
growth impacts for the capital goods industry?

Does the size of your firm, measured in employment
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terms, represent an advantage or a disadvantage in
adapting or adopting external sources of technology?

Comment on any other advantages or disadvantages re-
lating to firm size in the carrying out of I.R. & D.
activity.

14. (i) What are examples of growth impacts in linked
firms or Industries that have occurred as a
result of I.R. & D. carried out in your own
organisation?

(ii) Have the I.R. & D. activities of other firms
generated growth impacts within your own or-
ganisation?
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Appendix 2:

QUESTIONNAIRE FOR RESEARCH ASSOCIATIONS

1. Details of Research organisation:
(i) what is the total number of your Research and
Development (R. & D.) staff?
1965 1975
(ii) of these, what percentage have recognised
scientific or engineering qualifications?
1965 1975
(iii) Expenditure:
1965 1975

Total expenditure
%Government Finance
% Industry Finance

R. & D. Staff payroll

(iv) What is the total number of member firms?

What is the percentage membership of firms

within the industry? %
(v) Of the approaches your organisation receives,
what percentage would be from returning
firms ( %)
and what percentage from 'new' firms( %) »
2 What is the relative orientation of your present R.

& D. projects?
develop new products

%
modify existing products %
develop new processes %

%

modify existing processes

advisory services %
others %

D How is the R. & D. expenditure of your organisation
distributed among - Dbasic research %

applied research %
development %
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Have there been, or do you expect, changes in em-
phasis in this distribution pattern?

1965 1975 1985

More basic research
Less basic research
More
Less
More
Less
Others (specify)

applied research
applied research
development
development

Where do the ideas for your R. & D. projects origi-

nate

What

from?

From your own personnel %
From suggestions made by the

industry you serve %
from other research organisations %

factors are most important when considering

whether to undertake a particular R. & D. project?

RANK

- Improved productivity for firms
Greater efficiency for industry

Development of new or enlarged domestic
markets

Development of new or enlarged export
markets

Use of new natural resources
Better use of available natural resources
Others (specify).

Comment on the way in which these factors may vary

depending upon the nature of the particular R. & D.
project.

(1)

(ii)

Has your organisation been responsible for the
first introduction of overseas technology into
New Zealand? Examples.

Has your organisation been responsible for the
development of a completely 'new' form of tech-
nology, in both the national and international
gontext? Examples.
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8,

9.

10.

e
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(iii) How did the problems encountered in production
and marketing application differ for these two
types of technology?

Can you trace the impact of the introduction of two
examples from both technological groups presented
in question 6,

- creation of new plants, firms, industry

- greater employment opportunity

- greater sales,
Note spatial component of these impacts.

How do the functions provided by or demanded of your
organisation vary in relation to firm characteristics?

Small firms Large firms
Private
Domestic
Others,

v
Science-based Vv Non science-based firms

v Public ownership

v

Overseas ownership

To what extent do you regard your organisation's ac-
tivities as complementary to, and how far is it a
substitute for, private research?

Is this present working relationship different to
that of the past, and what you anticipate in the
future?

What kinds of impacts has your organisation had in
terms of the location and/or relocation of private
firms?

Have the activities of your organisation, say through
the development of a new product or a new process,

or by the actions of a former employee, ever caused
the establishment of a new firm or new plant?

Name of firm or plant Location Reason for establish-+

ment
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12, The establishment of your R. & D. activities pre-
sumably required some investment in capital goods.

(i) Where were these goods originally bought from -
New Zealand % Overseas %

(ii) Where are present demands met?
New Zealand % Overseas %

(iii) Has the introduction of ‘'overseas' or 'new'
technology into New Zealand by your organisa-
tion resulted in any growth impacts for the
capital goods industry?

Examples.

13, How would the growth-inducing impacts associated
with your R. & D. activities tend to be distributed?
Concentrated in the largest firms in your
industry
Concentrated in the largest cities

Concentrated in the immediate geographical
region

Spread throughout the country,.
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