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ABSTRACT

This thesis takes its point of departure from the premises that innovativeness in industriesis a
necessary condition if countries are to attain a meaningful level in both economic and socia
development. Due to importance attached to innovation in national economies, forces behind
innovative activities have received much attention both from scholars of technological

innovation and officias in the innovation policy arena. This fact notwithstanding however,
our understanding of forces behind innovative activities are far from perfect, especialy as it
relates to the innovative activities in poor developing countries. Taking the case of metal and
engineering sub-sector of the Tanzanian industry, this work is a modest contribution towards
feeling these gaps. Specificaly, the study is a modest attempt to find out the extent to which
the interaction between, suppliers, producers and users, result into innovative activities in the
Tanzanian metal and engineering sector. It is designed to explore the extent and nature of the
market linkages in this sector, and relate this to innovative activities at firm levels. So while
the unit of anaysis is the firm, the focus is on the linkages. The specific objectives of the
study are as follows:

To find out the nature of market linkages in the Tanzanian metal and engineering
sector

To determine the extent to which each type of market linkages is accompanied by
technologica innovation.

To identify factors that work for or against long term relationships in market linkages.
To identify other sources of technological innovation

To determine channel of information communication about innovation

To identify the role of R&D institutions in second and fourth objectives above.

The rationade for the study is threefold: Firstly, the Study will help in establishing a
framework for assessing and finally improving national innovation policy in Tanzania,
especially with respect to the capital goods sector which is so vita in the growth of the
economy. Generdly, innovation studies are important because all the advances in matters of
industrial technology policy in the industrialized world have come from an improved
understanding of how firms operating in market economies deal with issues of technica
change ad innovation. Of much importance in this is the interaction between producers and
users that facilitate innovative activities. In most cases there is aso a role to be played by
R&D and other knowledge generating ingtitutions in these interactions. The nature of these
has to be determined to better inform policies on R&D. Second, lack of forward and
backward linkages in the Tanzanian economy has been expressed as one of the major factors
that work against productivity growth in the manufacturing sector in genera. This specific
case on meta and engineering sub sector can provide some useful pointers towards aleviating
the problem. Finaly, the study will be useful in augmenting the limited literature on National
Systems of Innovation (NSl) in least developed countries such as SSA. The existing models
seem to have been developed from observation made in more advanced countries and thus
specific and useful only to those countries. As a framework for anaysis, the study lends itself
to the appropriate literature on the concept of National Systems of Innovation (NSI), defined
as that system which is congtituted by elements and relationships between those elements
which interact in the production, diffusion, and use of new and economically useful
knowledge (Lundvall (1992)).

Methodologicaly, the study will be limited to the large and medium scale industries (those
with employees more than 10). Two types of methods will be used, namely surveys and case
studies.



1.0 Introduction

1.1 Background

This thesis takes its point of departure from the premises that innovativeness in
industries is a necessary condition if countries are to attain a meaningful level in both
economic and social development. It is proposed to build on this proven foundation of
empirical understanding.

As aresult of the above realization forces which facilitate innovative activities have
received much attention from both S&T policy makers and scholars. In particular,
there has emerged some kind of a race on the part of scholars in trying to identify the
best model of innovation. From Linear Model of innovation to a long debate on
Technology-Push and Demand-Pull models. This finally led to an Interactive Model
of innovation and more recently, to Systems of Innovation. The race seems to be
gathering speed as we move towards increasingly globalised economy. Much as so
much has been done on the process of innovation, the fact remains that forces
working for or against innovative activities are far from being fully understood. Gu
(1999) for instance argues that our knowledge about innovation system will never
become perfect, ssimply because novelties-new technology, new institutions, and new
patterns of relations are being created ever dynamically in innovation system. This
tally well with the argument by Gregersen (1997), who argued that it is meaningless
to search for a time independent theory of innovation and growth. Unlike Gu who
used the word never, implicit in Gregersen argument is that there is a possibility of
finding time dependent theory of innovation, for instance in the use of “genera
evolutionary theory”. However the most important point here is that a useful,
universally representative model of innovation is yet to be found, if at al there will be
one. In this search one of the important gaps needed to be filled is that of uncovering,
however weak, forces that operate for and against innovative activities in the least
developed countries, where in most cases innovation studies have been conspicuously
lacking. This study is a contribution towards this direction. It Begins by reviewing
what has already been done in the area, what gaps still exist. This has adequately been
treated in section on literature review and conceptual framework. Here only a brief
mention will be made for the purpose of arriving at the research problem.

Most literature on productivity growth and innovation reveals that actually the
interactive model of innovation, which is defined in the next section, is the best
available model to explain innovative activities. The model seems to be the roots of
more recent theories on networks and systems of innovation, that acknowledge the
heavy dependence of innovative activities on the networking and linkages, especialy
those among and between firms and their users, suppliers, competitors and R&D
institutions (Rosenberg, 1982, Lundvall, 1992, Gregersen et. 1997, DeBresson, 1999,
Kwanjai, 1999, among others). However, there exists a conspicuous gap in the sense
that most of the literature heavily relies on the observation almost exclusively made in
developed countries. Little contribution has come from the least developed countries.
So to what extent can these models represent a universaly accepted innovation
model? To be more specific, to what extent is the model also useful for the poorest
countries such as those in Sub-Saharan Africa (SSA) in general and Tanzania in
particular?



Recently there have been arguments, especialy in literature on Innovation Systems
that the way the actors in the system of innovation relate to each other and their
relative importance in bringing forth innovation so much depend on a particular social
economic and social cultural context. Additionally even within the same social
economic context, it varies with time. This is from the fact that society is not static but
dynamic, which makes innovation itself being a socialy embedded concept, a
dynamic concept, which calls for its variables under any social-economic and cultural
settings to be redefined regularly.

As will be evident in the next section, in SSA in general and Tanzania in particular
little has been written about innovative activities, especially those aspects specific to
sectoral and firm levels. The reason behind this conspicuous absence is not fully
known. It can either be because nothing is happening and therefore nothing to study,
or there is no body to observe what is happening. The latter is so obvious to the extent
that one is tempted to test the former. In most SSA African countries, S&T is
normally understood in terms of science and engineering only. Courses such as
technology management, S& T policy and innovation studies are therefore hardly
offered at the universities. In relation to the former, there is some general belief
among the scholars of technical innovation that continent like Africa can not involve
itself in innovative activities. This belief is for instance reflected in Mani (1999,
pp.18). Quoting him:

Most developing countries do not have a policy on innovation, as it is normally
believed that developing countries do not engage themselves in any innovative
effort at all. At best they are expected to do incremental innovations which are
basically adaptation of imported technologies to local conditions €mphasis
mine)

The bolded words in the above quotation connote mere speculation. As we earlier
argued, no body is too sure of what is happening in Africa as far as innovative
activities are concerned. It is a black box that needs to be opened. It will be of
theoretical and policy relevance to know whether the box is empty and why or if not
what are the contents.

1.2 TheResearch Problem

In Tanzania much of available studies are on the performance of the manufacturing
sector at the macro level, which kind of blankets all the industries together. This hides
some of important variation between and among industries, and one can easily loose
sight of innovative activities at firm levels and the behavior of the institutions
involved. However minor the innovative activities are, their sources can be very
useful pointers towards designing policies that can facilitate significant innovative
activities.

As will be evident in section two, innovation are of different types and varying
degrees and a complex multi-actor field, that some kind of institutions or actors must
work together to bring forth innovation. The least developed countries can not be an
exception in this process. The only anticipated difference is in the type of innovation
and ingtitutions, their relative importance and the way they relate to each other in the
innovation process. In Tanzania the kind of innovation that is expected is largely
those of the incremental type, which to a large extent is achieved through users,



producers and suppliers interactions. The work is therefore a modest attempt to
find out the extent to which the interaction between, suppliers, producers and
users, result into innovative activities in the Tanzanian manufacturing sector. It
is designed to explore the extent and nature of the market linkages in metal and
engineering sector, and relate this to innovative activities at firm levels. So while
the unit of analysisisthe firm, the focusison the linkages.

Specifically the study will be guided by the following research questions:

What is the nature of the market linkages in the Tanzanian metal and
engineering sector, that is whether the linkages are long-term and obligational
or short-term and arm length

To what extent is each type of market linkage accompanied by technological
innovation?

What factors work for or against long term relationships in market linkages?
What are other sources of innovative activities?

What are the channels of information communication about innovation?

What is the role of the existing public R&D institutions in two and four above?

1.3 Objectivesof the Study
- To find out the nature of market linkages in the Tanzanian metal and
engineering sector
To determine the extent to which each type of market linkages is accompanied
by technological innovation.
To identify factors that work for or against long term relationships in market
linkages.
To identify other sources of technological innovation
To determine channel of information communication about innovation

To identify the role of R&D institutions in second and fourth objective.

14 Significance of the Study
The significance of the study is threefold:

First, the Study will help in establishing a framework for assessing and finally
improving national innovation policy in Tanzania, especially with respect to the
capital goods sector which is so vital in the growth of he economy. Generaly,
innovation studies are important because, as aready pointed out; all the advances in
matters of industrial technology policy in the industrialized world have come from an
improved understanding of how firms operating in market economies deal with issues
of technica change ad innovation. Of much importance in this is the interaction
between producers and users that facilitate innovative activities. In most cases there is



also arole to be played by R&D ingtitutions in this interaction. The nature of this has
to be determined to better inform policies on R&D.

Second, lack of forward and backward linkages in the Tanzanian economy has been
expressed as one of the mgor factors that work against productivity growth in the
manufacturing gctor in general. This specific case on metal and engineering sub
sector can provide some useful pointers to the problem.

Finally, the study will be useful in augmenting the limited literature on National
Systems of Innovation (NSI) in least developed countries such as SSA. The existing
models seem to have been developed from observation made in more advanced
countries and thus specific to those countries. The use of such models in assessing the
national systems of innovation in least developed countries ©uld mean imposing
inappropriate structures that might not only work but can aso suffocate existing
efforts towards innovative activities. The best way, the author suggest, is to uncover
the spontaneously working forces at micro levels, especialy those at sector and firm
levels before applying any external manipulation at the national level, on which
innovation systems theory is based.

2.0 Literaturereview

2.1 Theoretical and Conceptual Framework

The goal in this section is to develop a set of conceptual tools with which to analyze
firm linkages and the resulting innovation in the Tanzanian context. Innovation at the
firm level is considered aresult of some kind of institutional linkages (e. g some kind
of flow of information about the innovation or some kind of alliances in technology
development whether hardware or software). Innovations are therefore traced to
different types of market linkages. This should enable one to determine which
linkages are most important, and what should be done to strengthen them. The point
of departure is definitions of very basic concepts about innovation. In the course some
propositions about the most important degrees and types of innovations in the
Tanzanian context will be developed. The section then proceeds to explain different
models of innovation. It is here where the concept of linkage, especially that between
producers and users become relevant, and is in turn reviewed. In short the section is
made up of two important conceptual issues: those on innovation and those on the two
types of institutional linkages: namely market linkages and linkage between firms and
public R&D ingtitutes.

2.1.1 Definition of Innovation

The essence of innovation is novelty. Innovation is the process of introducing
something new and the new thing itself. It is a concept of very general application.
One can talk of innovation in education system, constitutional innovation, etc.

This study is mainly concerned with innovation in economic context, specifically
technological innovation This is successful creation, development, and marketing of
new goods or successful application of new techniques or ways of working that
improves the effectiveness of an individual and organization (Archibugi et al. 1994)



According to many scholars of technological innovation (Rogers 1983, Coombs,
1986; Rosenberg 1982; Budworth 1996) however, the above ideas do not need to be
novel in the absolute sense of the term as long as they are new in the context in which
their exploited. A new application of an old idea may be commercidly very
successful and economically important as the new idea. It may also give rise to many
of the same problems and issues as does the exploitation of the genuinely new idea.
This is demonstrated by the different success stories surrounding technology transfer.
Why for instance, Japan and South Korea were so successful in the transfer of western
technology, while SSA countries were great failures? So even successful adoption of
old technologies aready in use by other firms or countries are considered as
innovation because it requires investments in learning.

2.1.2 Typesof Innovation

Implicit in the above definition of innovation are two types of innovation: Product and
process innovations. Product innovation is introduction of new goods-that is one
which customers are not yet familiar with or new quality of goods. Whereas process
innovation is the introduction of a new method of production, that is one not yet tested
by experience in the branch of manufacture concerned or a new way of handling a
commodity commercially (Archbugi et a., 1994)

The distinction of innovation into product or process technology brings some
methodological problems, especially when it comes to measuring a total number of
innovations made in a certain country. An innovation which is considered product by
one firm can easily be a process by another firm: an oil press machine produced by a
machine tool manufacturer and used by an oil processing firm is regarded as a product
innovation by the former and process innovation by the latter. However product
innovation can be of two types: those which are directly beneficia to the consumer
and those which are used as capital goods or intermediate goods as process innovation
(Tratenberg, 1991).

2.1.3 Degreesof Innovation

These are of three magor degrees namely incremental, radical and fundamental
innovations (Budworth 1996)

2131 I ncremental Innovation

As the name suggests this is the type which makes small changes at one given
time. By definition a technologically improved product is an existing product
whose performance has been significantly enhanced or upgraded. A simple
product may be improved (in terms of better performance or lower costs)
through use of higher performance components or materials or a @mplex
product which consist of a number of integrated technical subsystems that may
be improved by partiad changes a one of the sub-system. Similarly
incremental innovation in the process technology involves significantly
improved production method. This may involve small changes in production
eguipment or production organization or their combination. The method may
be intended to produce technologically new or improved products or



essentially to increase the production or delivery efficiency of the existing
products (OECD, 1997).

Incremental innovations are achieved through learning by doing (on the part of
the product manufacturers) and learning by using (on the part of the users
either as fina consumer or as input in a manufacturing firm) (Rosenberg
1982). According to Rosenberg (1982), the cumulative effect of these small
changes can be as large and bring productivity growth that major innovations
are capable of generating. It is a source of technological innovation that is not
usually explicitly recognized as a component of the R&D process which over
lap with the development and receive no direct expenditure, which may be the
reason why it is normally ignored (Rosenberg, 1982). Additionally, according
to Budworth (1996), incremental innovations do not involve major
investments or risk. This could be another reason they are ignored.

A word of caution is however in order in defining incremental innovation,
especialy in relation to methodological issues. According to OECD, (1997)
incremental innovation should exclude the following:

Making other creative improvements such as those in product
differentiation where the novelty does not concern the use or objective
performance characteristics of the product in the way they are produced or
delivered but rather their aesthetic or other subjective qualities.

Stopping doing something is not considered as an innovation, although it
may improve afirms performance.

The purchase of more machines of a model aready installed won't be
considered as an innovation.

A change in a price of a product or of the productivity of a process
resulting exclusively from the changes in the price factor of production is
not an innovation.

2.1.3.2 Radical | nnovation

Radical innovation makes a substantial change but falls short of founding a
new industry. The risk and required investments in radical innovation are
usually considerably greater than for incremental innovation, and they offer
more opportunity for new entrants to enter the new market.

2133 Fundamental Innovation

Fundamental innovations are those which depend on magor new scientific
knowledge and open up completely new industries, causing a paradigm shift.
One example is the discovery of the transistor, which depended on the
electronic movements in solid as opposed to the electronic movements in
vacuum, which characterised the electronic valve where first generation



computers were based. The discovery of atransistor led to the discovery of the
integrated circuit which in turn led to the cheap and reliable computers.

The implication of the above types of innovation for this work is important, especially
in terms of methodologica issues. Fundamental innovations are hardly expected,
because these depend on the paradigm shift which involves completely new
industries, whereas the focus in this case is on the industry from older techno-
economic paradigm, and also dealing with a poor country. As a result most of the
innovation expected will be of the incremental nature which are normally not obvious
to the outsider, especially in the case of process innovation. But the insiders can well
know the improvements that have been made to increase productivity. This will also
include successful adoption of foreign technology.

2.1.4 Modelsof Innovation

In literature three models of innovation can be identified: technology push, demand
pull and interactive models of innovation.

2.4.1 Technology Push Model

According this model innovations are triggered as a result of basic research in science
resulting into a wide spread marketing of a new product or widespread use of a new
process (Coombs (1986); Rosenberg (1982); Budworth(1996). The role of the market
here is a passive recipient of innovations, and there is linear progression from a basic
research to production and marketing and by implication to economic success.
Science is seen as a mgjor driving force and all governments need is more scientists.
However the model has been widely criticised as an oversimplification of the reality?.

According to Rosenberg (1994) the model is not only dead, but buried. While we well
agree with Rosenberg, it is also true that the ghost of the model till haunts some of
the nations in the South. Thisis true for some of the least developed countries such as
Tanzania. R&D structures have been erected specifically for the purpose of serving
the linear model and although this has largely proved failure, no body has come up
with an alternative model.

2.1.4 Demand Pull Moddl

According to the demand pull model, innovations are in some sense called forth or
triggered in response to demand for the satisfaction of some classes of needs. This
model seems to have gained wider currency in the innovation debate. Some scholars
amost exclusively relate innovation to demand-pull. For instance Budworth (1996)
when discussing possible sources of innovations mentioned the factors that are largely
from the demand side. These are:

Unexpected change in customer taste becoming evident in the market,

Process needs

2 For adetailed discussion on this consult Rosenberg, 1982, pp, 192-238....



Demography which change the age structure of the population and hence the
demand for such things as disposable nappies; retirement homes etc
Change in perception of potential customers especially, how individua see
themselves and their roles as consumers.

The above line of thinking was also stressed in the SAPPHO project (described in
length by Rosenberg (1982). According to the project, understanding of the special
needs and circumstances of potential future users of the new process or product was
found to be important in innovative activities. Numerous studies since SAPPHO have
confirmed the vital importance of the user—producer linkage (Lundvall(1985)).
However, just like the technology push, the model has aso got its share of criticism®.
The major arguments are summarised in the following interactive model.

2.1.4. |terative Model of Innovation

Of late, however there seem to be some consensus among scholars of innovation that
the two extreme models of innovation on their own are inadequate. There has to be
some interaction or coupling between the two processes. In relation to this, Mowery
and Rosenberg (1979), and Rothwell and Zegveld (1985), argue that innovation is a
complex interaction between the ‘supply’(R&D labs, scientific and technical
ingtitutions) and the ‘demand’ (potential and actual users, and marketing
organisations). Additionally, in support of the same point, Rosenberg (1982) made
the following major conclusion:

Both the underlying evolving knowledge base of science and technology, as well
as the structure of market demand, play a central role in innovation in an
interactive fashion, and neglect of either is bound to lead to a faulty conclusion
and policies (Rosenberg( 1982), p.195)

There is dlight difference between radical innovation and incremental innovations in
the above interaction. When it comes to incremental innovation, the experience of
users is bound to be extremely important and will often predominate as a source of
ideas for innovation. On the contrary, when it comes to fundamental innovations, in
the early stage contribution of science and technical institutions such as R& D become
more important (Coombs (1987); Rosenberg (1982))

The above contention is of paramount importance for this work. As aready explained
the type of innovative activities that are expected for the specific case of Tanzaniain
general and metal and engineering in particular are largely adoptive and incremental
and may be some few radical innovations. This places a great importance to the user-
producer interaction. However, because of the low level of education in the
workforce, collaboration with public R&D institutions whose employees are relatively
highly educated might also be very important. As we will see later in this work, there
is also some evidence of collaboration between industries and R&D ingtitutions
especially in terms of consultancy services offered by R& D ingtitutes to industry. The
role of these consultancies in the firms business well fare is not clearly understood.
The hypothesis is that they also contribute to the innovativeness of the firms.

3 See Rosenberg, 1982, pp.193-238
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Such collaborative activities were also evident during the early industrialisation of the
now industrialised countries (Nelson, 1993; Freeman, 1995). Japan for instance
started industriaisation through import of foreign technology, integrated this into
R&D and production departments. The Japanese R&D during this era, termed as
catching up period (1945-1972) was largely on adaptive technology (Sunil, 1999).
The system was also highly characterised by strong user producer and subcontractor
network linkages. Even with the importation of foreign technology, Japanese seemed
to be very close and interacting with their foreign suppliers, they themselves went out
to Europe, selected the technology they wanted, and in some cases brought in
expertise into Japan to assist in the installation of the technology (Watanabe, 1983).
This was in contrast with other countries that are now less developed such as USSR
and Eastern European socidlist countries. The system in these countries have been
characterised with linear model of innovation-which in some way, is very similar to
that of Tanzania (Hewitt, 1997). The public R&D ingtitutes in these countries are
divorced from the production and imports of technology. Additionaly, the systems in
these countries are characterised by weak and non-existent linkage between
marketing, production and procurement (Freeman, 1995).

2.1.5 Innovation Process. It's Specificity to Time and Socio-
economic Context.

Perhaps what the early scholars of innovation did not explicitly pursued in the debate
is the specificity of innovation in the social-economic and social cultural context and
that it is a dynamic concept. These gaps have been filled by recent scholars on
National Systems of Innovation (NSI), defined as that system which is constituted by
elements and relationships between those elements which interact in the production,
diffusion, and use of new and economically useful knowledge. In away, thisis nothing
more than an extension of the debate on the innovation process that initialy started
with the linear model of innovation®. The concept seems to have taken its roots from
the interactive model of innovation discussed in this work, where factors influencing
innovation seem to have been expanded to the extent of including nearly every thing
about a particular nation. However, according to many proponents of NSI, the
elements are largely of two types: institutions and organizations. Organizations are
formal structures with explicit purpose and they are consciously created. Some
important organizations in the SI are companies (which can be suppliers, customers,
competitors in relation to other companies,) universities, R&D organizations, venture
capital organizations and public innovation policy agencies. Institutions are set of
common habits, routines, established practices rules or laws that regulate the relations
and interaction between, groups and organizations. The examples in the SI are for
instance patent laws and norms influencing the relations between universities and
firms (Edquist and John 1997). The concept of NSI, as already observed by some
scholars, is ungeneralizable universally, but carries a very important value, especialy
for those developing countries that are so much fond of taking ready made things
from the west. It emphasises on specificity of innovation to a particular socio-
economic and social-cultural context. This aspect indeed is what motivated a close

4 Assuchit issurprising to find out that historical review of this literature is conspicuously lacking in
the literature on NSI.
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look at the concept in relation to this work. The aim is to emphasise the point that
innovationis a multi-actor field and that it is context specific.

One of the sources of complication and ambiguities in NSI literature might have
arisen because of lack of clear definition of innovation in most of this literature.
Innovations are of different types and degrees as discussed in this work. It really
matters to what type and degree of innovation one is referring to, when discussing a
certain NIS. For instance institutions which support fundamental innovation can be
completely different from those that support, for instance, incremental type of
innovation. Taking the example of factors influencing innovative activities given by
(OECD, 1997, p.33), as shown below, one can actually attempt to assign degree of
importance of factors or elements to different types of innovation.

According to OECD the following factors or institutions surrounds innovative
activities:

1) Basic educational system for general population, which determines minimum
educationa standards in the work force and domestic consumer markets.

2) The communication infrastructure, including roads, telephones and electronic
communication.

3) Financia institutions determining for instance the easy access to venture capital.

4) Legidative and macro economic settings such as patent law, taxation, corporate
governance rule- and policies relating to interest and exchange rate, tariffs and

competition.

5) Market accessibility, including possibilities for the establishment of close relations
with the customers as well as matters such as size and ease of access.

6) Industry structure and the competitive environment, including the existence of
supplier firms in complementary industry sectors.

While it is true that all the above factors affect the innovativeness of the firm, it does
S0 in a complex interactive fashion to the extent that it is not easy to determine to
what extent each of the above is contributing, or which factor is more important than
the other. But if one starts with the definitions and degrees of innovation it is possible
to assign some degree of importance of the above institutions to every type of
innovations. For instance, for fundamental type of innovation the first and third types
are extremely important. While for the incremental innovation fifth and the second are
extremely important. However, this is not to say that the rest of the factors are not
important for every type of innovation, but the mentioned ones are indispensable for
that type of innovation.

For al types of innovations, special emphasis has been put on the relationships that
are congtituted through the market place such as those between users and producers
(Lundvall, 1992, Edquist, 1997, Gu 1999). Haukness (1999) also argued that for most
firms, the relations with the customers, suppliers and competitors are the most
significant Ink to their environment to the extent that these argents constitute the
major dimension of NIS.
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The most important value added on studies on NSI, as mentioned above, lies on the
realisation that innovative activities are actually context specific (Lundvall, 1992, Gu,
1999). Lundvall for instance, underscores the fact that basic differences in historical
experiences, language and culture will be reflected in the above institutions,
especialy the way people think about them. This line of thinking is supported by
studies on many performing clusters, such as the Italian industrial districts. It has been
found that inter firm networking primarily emerged spontaneoudly as the result of the
peculiar historical and social environment surrounding the SME's (Geglie G.,et
al.,1991)

Additionally, according to Kwanjai, (1999), the composition of the various
components, their relative weight of their influence and the way they relate to and
interact with each other across countries and over time vary.

Gregersen B. ad Johnson B. (1997) have aso underscored the issue of time
contextual innovation. They argued that in relation to the innovation process, history
matters, and it is meaningless to search for a time independent theory of innovation
and growth.

In short, throughout the review of literature on innovation, it is safe to conclude that
innovation is certainly a multi-actor field. Where the actors most mentioned are: firms
and their suppliers and users, R&D ingtitutions, academic and financia institutions.

Additionally, studies on networks also emphasised the plurality of actors in the
innovation process. Most of these studies emphasise the role of firm-firm interaction
that is firm and their suppliers and users, and firm and their competitors®. Given any
set of the same institution, the way they relate, interact, the weight of each institution
in the innovation process, however largely depend on the socio-economic and cultural
situation of a given country®. This in turn naturaly depends on the time because
society is dynamic, socio-economic situation changes along with views of individuals
about life and all that it entails.

Such findings or observations are of paramount importance for the least developed
countries, where in most cases S& T policies have been areplica of S& T policies of
more developed countries which have been formulated depending on the empirical
findings based on the environment of these countries. In Tanzania and most of the
SSA countries for that matter, innovation studies have not been a culture, especially
studies related to factors behind innovative activities. We will shortly return to this
point. At this point it is important to closely examine (from existing literature) the
type of institutional linkages that was found most important in innovative activities,
and to which our research intends to base. These are:

s Firm-Supplier
% Firm-User
« Firm-R&D Institutions and academia

® See for instance DeBresson (1999), for in depth discussion on this.
6 At least thisiswhat can be discerned from most studies on NS
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2.1.6 Linkages

Many meanings are attached to link and linkage. In its noun and verb form link refers
to connecting, tying or joining together two or more objects. It is broadly defined as
collaborative arrangements between different institutions such as firm and firm, firm
and public sector, government and academics (Greek k., 1999). For the purpose of
this work, analysis will be restricted to two institutions: firm-firm linkage in terms of
producer-supplier linkages, firmR&D and university. The role of these linkages in
innovative activities of different firms will be discussed.

Linkage can vary in terms of content. There can be technological, organisational or
social linkages (Goodman et. al., 1994). The focus for the work will be on
organisational linkages in relation to markets. Above al, whether or not these are
accompanied by technological linkages in terms of sharing of technical know how and
skills, product specification and designs. User dissatisfaction of a certain product and
communicating this to the producer, where finaly the producer looks for solutions
either inside or outside the firm is aso one way of getting the technology right. It
should be born in mind that technological innovation, especially incremental can not
be separated from the market linkages. However this is not to contend that all market
linkages accompany technological linkages, rather as it will shortly be shown, there
are special types of linkages that are conducive to innovation. This point will shortly
be returned to. But to the contrary most technological linkages accompany market
linkages (Papola, et. a 1983)

Linkage can also vary according to the degree of interdependency. One can
conceptualise a linkage in which all objects are highly interdependent versus one on
which objects are loosely coupled. This point will be taken up again when discussing
market linkages.

2.16.1 Firm-firm Linkages

These are of two types. vertical and horizontal linkages. Vertica linkages are
normally referred to as market linkages, defined as frequent transactions between
firms, where firms both small and large scale buy and sell among and between each
other (Wangwe, 1997; Papolar T.S, 1983). This can be divided into input linkages and
output linkages. Input linkages are relationship between the two firms in regard to
supply of raw materials and machinery. While output linkages regard to the market or
buyers (Watanabe, 1983). Horizontal linkages are linkages among the competitors.
Output and input linkages can also be described in terms of backward and forward
linkages. Backward linkages occur when a productive activity in one sector requires
inputs from another. For instance agriculture may have a backward linkage with
manufacturing when it uses fertiliser, pesticide and agricultural machinery in its
production process. Similarly, when agricultural sector produces goods as inputs in
the food-processing sector it establishes a forward linkage to manufacturing sector.
Such types of linkages are very important for the healthy growth of the economy.

The technological linkages of the two parties can largely facilitate backward and

forward linkages. For instance the decision for agriculture to purchase machinery and
other inputs from the manufacturing firms will depend on the quality and price
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requirements of the agricultural sector. This in turn will depend on strong interaction
between the two parties in terms of getting technology right.

Taking the example of buyers and sellers, Kaplinsky (1989) differentiate the nature of
inter firm relations based on mass production and that based on Japanese business
structure (to be described later). According to Kaplinsky, the relations in the mass
production model are essentially arm length negotiations between buyers and sellers.
Finished product manufactures maintain large, shifting network of potential suppliers,
using more than one supplier for each out-sourced product to preserve price
competition. The relationship between buyers and sellers is therefore inherently
unstable and short term, often extending only to a single purchase order so that they
can switch suppliers easily if another one offers a better price. On the output side,
overal marketing response is estimated on the basis of the market potential and the
attractiveness of the firm’s offering in relation to the offering of the competing firms.
In this case the innovative activities can be triggered by the competition between
sellers not interaction between sellers and users. Even though, there has to be some
kind of market signals which should be clear to some of the firms, at least to know
what users desire. Others can then follow suit as a result of competition. But al in al
it is the competition between sellers not interaction between individual buyers and
sellers which is assumed to determine the marketing effort. Mass media advertising is
often used to attract anonymous customers and transaction takes place without much
interaction between sellers and buyers (Nyastrom, 1990)

The above kind of relationship does not permit close cooperation between suppliers
and individua buyers, so that the supplier has no incentive in investing in the
equipment or skill development to produce component more tailored to the needs of
the buyer. At the same time buyers are reluctant to provide the supplier with details of
product design or to encourage the supplier to develop the component that would
improve their finished product, but which the supplier could also sell to the buyers
competitors. The above kind of market relationship can hardly contribute to
innovative activities of the form of learning by doing or learning by using we earlier
discussed. On the other hand close and long-term strategies as against mass marketing
concentrate on establishing and maintaining business with number of important
customers. Direct selling for instance by sales representatives and flexible
individually negotiated prices are used to facilitate interaction and individua
transactions are carried out with the intention of establishing and maintaining
continued long term dealing with customers.

Two concepts in marketing relationships have been underscored by Nystrom (1990):
vertical complexity and horizontal complexity. According to him vertical complexity
means greater number of the distinctive uses for a given product or product category
by individual buyers. In contrast, horizontal complexity means selling a product to
many anonymous buyers. In this, just like in mass production discussed above, buyers
and sellers may momentarily stop doing business with each other at any time; the only
determining factor being the quality-adjusted prices of comparable competing
products.

Greater complexity in use, that is greater number of distinctive uses for a given

product or product category by individual buyers, will tend to greater vertica
complexity. For instance if a customer uses a product in many different ways, a seller
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has a number of options in differentiating an offer to fit the specific needs of this
buyer, which together may make the customer more dependent on buying from that
particular firm. The number of different products which individua buyers purchase
from a firm will aso influence the degree of complexity in marketing relationship. A
large number of different products, frequently bought by buyers from a given firm
will lead to a high degree of vertica complexity in relationship. On the other hand
when different buyers infrequently purchase quite different products in small
guantities from various firms, the degree of horizontal complexity will be high. In the
former it is easier for seller to adapt to specific buyers needs, while in the latter it is
difficult (Nystrom, 1990).

According to Nystrom, a more innovative way to achieve a high degree of complexity
is to establish joint companies with buyers to develop radicaly new products and
processes. The strongest instances of vertica complexity are usualy of joint
ownership, either mergers or co-operative ventures. Such close inter-dependencies
between buyers and sellers are reflected in the Japanese model, where maor
manufacturers are increasingly becoming “sub-system integrators’. The system
operates as a close knit net-work of buyers and suppliers with long term relationship
that encourage the pooling of technological resources and know how, co-operation to
improve productivity, and exchange of detailed design plans and even proprietary
information. These types of linkage enables finished products and component
manufacturers to collectively enhance innovation and competitiveness.

Another way of enhancing innovative activity is through sub-contracting
arrangements. This according to Watanabe (1983) is a business practice where a party
offering a subcontract (parent firm, enterprise or company) request another enterprise
(sub-contractor or ancillary unit or industry) to manufacture or process the whole or
part of the product, but the first party sells as its own. This implies that the
modification of a part or component of a product or process by one sub-contractor
inevitably affect the manufacturing process as a whole. As a result the subcontractor
must supply the product according to detailed specification which can only be
modified within certain limits. To a certain degree this compels the parent company to
offer advice and supply necessary technology to subcontractors so as to increase their
economic and engineering capabilities. This result into upgraded subcortractors
because of their specialised technology and equipment instead of the traditiona low
cost approach (Freeman, 1991).

Where industrial subcontracting is practised on a regular basis, production and
investment plans, including choice of techniques of the two parties are
interdependent. This means if the technological capability of the parent company is
higher than that of the subcontractor, the latter’ s capability is pulled along. However a
word of caution is in order here. Not al the subcontracting relations lead to
technological capability building. As mentioned above buyers that enter into
subcontracting agreement simply to acquire the cost benefit of cheap labour will not
have an incentive to improve the technological capability or productivity of the
contract firm. (Lavengood, ( ).

In concluding these few paragraphs on users and suppliers, it is important to reiterate
some basic points. The following few paragraphs summarises the points.
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Creating a new product or process, and where one person’s product becoming
another’s process requires a complex process of heuristic interactions. Suppliers and
users do not have the same point of view and do not do the same things in these
interactions; but each is dependent on the other. Without problem identification and
performance requirement from a potential client, a supplier most often cannot even
start to conceive a technical solution. Additionally most often the potential user does
not have competence to find the best technical solution to achieve best performance at
lower prices. These are of best interest for both the suppliers and buyers (DeBresson,
1999). Such desired interaction is not possible if the relationship between the buyers
and suppliers are arm length and short lived.

The above is somehow confirmed by the study on ‘failed’ attempt at innovation,
particularly the project SAPPHO (discussed in length by Rothwel et a. (1974) and
also by Rosernberg (1982). The most important finding of the study was that the
commonest and most persistence cause of failure was on weak relationship between
producers and users of an innovation. An equally important cause was the lack of
horizontal communication between R& D departments and, production and marketing
within the firm. In least developed countries there are no R&D departments. This then
points to the importance of the public R&D ingtitutions.

In relation to the above argument, Lundvall (1992) argues that it is obvious that
product innovation would be rare and accidental if markets were characterised by
anonymous relationship between producers and users. Producers would have
difficulties in observing new users needs, and users would lack qualitative
information on the characteristics of new products. The fact that product innovations
are common implies that markets are not pure. Most markets involve an element of
mutual exchange of qualitative information, and sometimes by direct cooperation
between users and producers in the process of innovation.

Policy implications for the above are enormous. It mears that modern economies are
‘mixed’ in a fundamental sense; not only does the private sector coexist with a large
public sector, but the relative success of the market economies in terms of technical
progress depend more on the impurities of the markets than their purities. Thisimplies
that government intervention is necessary in manipulating the relationships between
users and producers. As Dulum (1992) puts it; government should take the role of
match making: renovating or braking up old and establishing new user-producer
relationships. In some countries such institutions already exist e. g Sweden and
Switzerland; afew big firms have their own strategies, concerning the restructuring of
the pattern of national user-producer relationships. In German banks played the roles.
In Japan the most important function of MITI was to bring together parties which
might have not co-operated spontaneously. However such matchmaking role require
prior knowledge of the existing patterns of the internal dynamics at the firm levels.
Thisisthe mgor role the present study attempts to play.

2.1.6.2 R& D Institutions

21621 TheOrigin of the Industrial R& D

R&D activities became evident during the first-world war and were envisioned
essential for advancing military technology. The activities culminated in the
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Manhattan project, with the manufacture of man ever made most destructive weapon
the atomic bomb. This was the result of the fundamental discoveries in physics. The
discovery of the atomic bomb was not the aly fundamental discovery during this
period; the Anglo-German competition in the radar technology was employing
thousands of skilled scientists and engineers, and was decisive for the British success
in the battle of Britain (Freeman, 1992). After the second-world war the success of
R&D in industrial development was so obvious and this was the beginning of its
institutionalisation. Governments expenditure on R&D also dramatically increased.
While before the war R&D accounted for only small part of GNP (about 0.1%), 30
years after the war, expenditure had already increased to about 1-3% of the GNP in
some of the developed countries (Freeman, 1992).

2.6.2.2 The Role of R&D in the Western Industrial Development

Later on two most important institutional innovations were made in the west, the in
house industriad R&D departments and the institute of technology for professional

education of engineers. The R&D departments were responsible for the regular and
systematic improvement and scaling up of the product, taking into account new
scientific developments outside the firm, as well as the experience of the users and the
requirement of the entire technological system. In this way firms were able to develop
new products and processes (Freeman, 1992). R& D departments therefore became the
main point of entry when it comes to development of new product and processes,
where many incremental innovations continued to be the mgjor task of production
engineers and shop floor workers without any necessary reference to R&D
(Hollander, 1965, cited in Freeman, 1992). Today the organisations of R&D in the
west have dramatically changed. More and more collaborative projects between firms
and between firms and universities are increasingly being evidenced (Freeman, 1991)

The history of R&D development tallies with the history of innovation studies. It is
obvious from the above that investment in R&D begun with the science based
fundamental innovation such as those in military technology. The early scholars of
technological innovation had a reason to purport the linear model of technological
innovation. Science was decisive and was labelled the endless frontier. But later as
things were unfolding, especially when the technology started to diffuse to the civilian
industries, other factors such as the demand emerged, and organisation of R&D was
radically changed, where the private industrialists came into the picture. This was
possible because the culture of researching and learning about innovation dynamics
was part of the system in the developed world. On the contrary, because of the lack of
the research effort in the poor developing countries, they are till stuck with the long
overdue linear model of innovation. There is therefore a need to redefine the role of
R&D functions in these countries.

2.2 Innovation and Linkage Studies in the Tanzanian
Context

The section gives an overview of the genera innovation and linkage studies in the
Tanzanian manufacturing sector before it lends itself in the specific case of metal and
engineering sub-sector.
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2.2.1 Innovation Studies

Comprehensive and systematic innovation studies, especially those specific to sectora
and firm levels are conspicuously missing in Tanzania. To the best knowledge of the
author the only study that attempted an inquiry in this direction is by Komba 1984.
The study is a modest attempt to evaluate innovativeness of Tanzanian manufacturing
industries. The major objective was to identify factors that work against innovative
activities. Besides the study being old, the focus was the firm and not the linkages.
The study however found out that some of the firms; especially those in the
engineering sector were relatively innovative. One of the private industry-Afro-
Cooling Co. was found to be innovative to the extent that it worn an international
Africa award as a recognition for its achievements. The firm is an integrated
manufacturing firm, producing radiator components as well as assembling the fina
product. Up to early 1990's the firm was till found to be doing well (Bagachwa,et
al.,1995).

Other studies related to innovativeness are those which addressed the issue of
technological capabilities in its broadest sense (see for instance Wangwe 1993,
Chambua, 1996). Most of these studies aso lend themselves to a macro level policy
analysis, which can hardly capture very minor innovative efforts at the firm level.

2.2.2 Linkage Studies

2.2.2.1 FirmsLinkageswith R& D Institutions

Before discussing the linkage between R&D and industry it is instructive to see first
the origin and objective of the government R& D institutions in Tanzania.

In the early 1980's quite a number of R&D institutions were established in Tanzania.
These were set up to serve the major sectors of the economy such as agriculture,
industry, health, water and energy. The concern here is with those R&D ingtitutions
which were specifically set for the purpose of serving the manufacturing industry in
general and metal and engineering in particular. These are:

(i) TEMDO

The Tanzania Engineering and Manufacturing Design Organisation (TEMDO)
was established under the Act of the Parliament, No.. of 1980 and became
operationa in June 1982. Its magor objective was to do R&D and produce
prototypes for manufacture by the Tanzanian industries. Other objectives were
providing technical extension services including training aimed at increasing
the skills of the technical human power at al levels and establishments in the
country, and to enable industry to produce products or processes for mass
marketing.
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i) 1Pl

Institute of Product Innovation (IPl) was established in 1981 under the

provison of the University of Dar-Es-Salaam. It was a semiautonomous

institution that was created to provide link between the faculty of engineering

and the Tanzanian industry in terms of engineering research and prototypes

development. Its mgjor activities are:

« To carry out applied research and prototype developments, including all
related software.

% To offer consultancy to industry including trouble shooting and
manufacture of industrial spare parts’components.

+«+ To contribute to the curriculum development at the FOE.

IPI was integrated in to the Faculty of Engineering and transformed to a
college of Engineering and Technology on December 15T, 2001. In the new
structure the innovation related functions have been taken over by the

established Technology Development and transfer Center (TDTC).
(i) CAMARTEC

Centre for Agricultural Mechanisation (CAMARTEC) was officialy started in
July 1982. It is a merger of two separate ingtitutions: one formerly known as
Tanzania Agricultural Machinery Testing Unit (TAMTU) and Arusha
Appropriate Technology Project (AATP). The major objective of the institute
isto carry out applied research and to facilitate the design and development of
machinery and equipment suitable for use in agriculture and rural
devel opment.

The most talked about linkages are those about transfer of well proven prototypes
from R&Ds to industry. Much has been said on this, mostly in conference and
seminar papers, and there seem to be some kind of general consensus that the link
between R&D and enterprises is weak. Additionally most of the arguments were
based on the role of R&D institutions as conceivers of technologies as guided in a
traditional linear model of innovation As described above major objectives of R&D
ingtitutions in Tanzania is to conduct applied research and to develop prototypes,
which after being well proven, are transferred to the industry for large cae
manufacturing. Much of course is not happening in regard to this task (Chungu et a.,
1994). The developed prototypes have hardly been taken up for commercia
production by the potential manufactures. The sources of these weaknesses are two
folds. First, R&D institute often developed prototypes that were technicaly visible
but were not necessarily economically viable. Second, the environment governing the
investment decision of manufacturers was not sufficiently competitive to induce a
search for new avenues of investment in the developed prototypes (Wangwe et a.,
1998)

It is against this major objective the linkage between R& D and industry and therefore
their performance were judged. The possibility of vast consultancy service being
offered by some of these ingtitutions to industry as demonstrated in Chambua, 1996,
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contributing to innovative activities and productivity growth in these industries has
not been systematically explored. This is a serious research gap, especialy now that
R&D ingtitutions have been left at the crossroad as far as funding is concerned. These
were formally government and donor funded, but now that the government is * broke
and donors have developed some kind of a donor fatigue, these institutes do not know
to whom to turn to, though of course in principle they still belong to the government.
Since these are so vital in innovative activities they need some kind of reorientation.
To reorient R&D institutions meaningfully, requires detailed knowledge of their
strengths and weaknesses, and areas where they can yield maximum payoffs. This
knowledge as evidenced above, resides in those who use the technology, notably the
firms, customers and suppliers.

In more developed world, it has been shown that those firms who keep contact with
technical consultancy firms such as R&D institutiors and the Universities, are more
innovative than those who do not (Rosenberg 1982; Pavitt 1987; Dosi 1988; Senker
1995). It has also been shown that to a large extent, there is a positive correlation
between keeping contact with consultancy organizations and the absorptive capacity
of firms; that is, the more firms' employees are highly trained, the more the contact
with consultancy firms (Cohen and Levinthal 1990; Vinding 2001).

2222 Market Linkages

There is one study (By Wangwe et a., 1997) on market linkages between and among
firms. The study market linkages as frequent transactions between firms, were firms
both small and large sell and buy between and among each other. The study found out
that in the sample of 74 firms in the metal, food and construction, about 80% of small
firms sell about 50-100% of their products to large enterprises on the one hand and
about 55.5% these firms sell between 10-50% of their products to other small scale
industries. However since the study was conceived with purpose other than innovative
activities, did not indicate the type of linkages as discussed in this work. That is,
whether the relationships were arm length and short term or long term and
obligational.

The same study also addressed the issue of sub-contracting activities. It was found out
that over 60% of the firms were involved in the sub-contracting relationships

Other studies are those on firm clusters that revealed that enterprises on clusters
cooperate in ideas on designs and mutual adjustment on prices (Musonda 1997, Aeroe
1992). About 96% of the firms in clusters are also engaged in subcontracting
activities. While sub-contracting activities have been found to be very useful vehicles
in innovativeness of firms in industrialized countries, no comprehensive study which
relates the subcontracting activities to innovativeness has been conducted in Tanzania.

Additionaly, the linkage and network studies on SSA in general and Tanzania in
particular, are those on small scae and mostly in the informa sector. The studies
provide useful information on the benefit of socia interaction in business. They kind
of benefit from mutual price adjustments, information about the design and adaptation
of equipments and mutual help in time of business crisis (Sverrison, 1990,1992,1993,
1998; Aeroe, 1992; Musonda, 1997). However, the studies lack systematic and
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empirical analysis of the innovative activities emanating from such networking.
Moreover very little can be expected from most of these firms in terms of innovative
activities. Having lived with and knowledge of some of these informa business
operators, it appears that these are not rea entrepreneurs. Most of these firms a mere
survival strategies, they happen to be in their line of business not because of the
special skills they poses for the business, but rather as away of surviving. It isahand
to mouth business. Moreover as the experience of more developed world demonstrate,
small-scale firms achieve their growth in conjunction with large-scale firmsin terms
of linkages between these sectors. Factors facilitating growth in the large-scale
industries are thus of paramount importance.

Another form of linkage observed in Tanzania is that between Tanzanian firms and
foreign equipment suppliers. It has been found out that more than 80% of the process
technology in metal, food and construction firms is 100% foreign (Wangwe et a
1997). However it is not clear from the study whether the relationship is obligatory
and long term or short term. Available literature such as Wangwe (1993), suggest that
importation of hardware technologies had failed to build local technological
capabilities in terms of adaptation to local conditions, servicing and fabrication of
gpare parts. However, the study was a a macro level of analysis. It would be
interesting to direct the analysis at micro level to discern some of the differences at
firm level, especially to uncover types of relationship with the suppliers and users,
and how this has helped firms to be relatively innovative. As already mentioned
Countries that were relatively successful in the transfer of technology such as Japan
have always maintained a close contact with the suppliers of the process technology.
However small in number, those with positive experience can act as useful pointers
towards designing appropriate policies.

What the above brief review of literature indicates is that, while there are some
studies on institutional linkages, the studies are far from comprehensive. They do not
elaborate on the nature of linkages, that is whether these are arm length and short term
or long term and obligatory. Additionaly, the studies have not systematicaly
addressed the issue of linkages and innovativeness, which is paramount in innovative
activities.

3.0 Hypotheses
Finally as aresult of the review process, the following hypotheses are devel oped:

o Innovative firms will tend to have long term and obligational relationship with
their buyers and suppliers. While those which are nontinnovative will have short-
term relationship.

o Producers have a significant and positive correlation between long-term links with
buyers and suppliers on one hand and R&D on the other hand. Implying that one
of the most significant relationships between R&D institutions and firms is that of
mutual solving of technical problems that becomes evident as a result of producer-
buyer and supplier interactions.
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o The more trained the firms employees, the more contact with consultancy
organizations such as R& Ds and Universities.

4.0 Methodologies
4.1 Choice of the Sector

Metal and engineering sub-sector was selected because of its smooth and gradual
growth compared to that of the manufacturing sector in general. The sector’s growth
increased from 13.6% from 1980 to about 16.6% in 1988, declined to 9.3% in 1990.1t
again increased to 14.5% in 1993, and about 16.3% in 1995.Contrary to this the
growth in the manufacturing sector in general was sporadic and short lived. It dropped
from 11.7% between 1961 and1969; and to 5.8% between 1969 and1975. It further
dropped to 0.7% between 1975 and 1981. In 1985 it reached its minimum value of —
3.9%. After the launching of the ERP measures in 1986, the annua growth rate
improved to an average of 2.5%between 1986 and 1990. It again dropped to 2.3%
between 1990 and 1994. In 1995 the growth rate was 8.8% (Ministry of Industry,
1996). Such sporadic growth rate can be explained by the injection of more financia
capital, leading to more capacity utilization rather than increase in productivity as a
result of innovativeness of firms

Because of its relatively smooth growth, there is a reason to believe that some thing
relatively positive is happening to the metal and engineering sub-sector. This could be
asserted to some incremental innovations taking place as result of user producer
interactions.

4.2  Scope, Data Sourcing and Collection

The research will basicaly be limited to medium and large category of metal and
engineering sub-sector (employing more than 10 people).

This sub-sector has been chosen, firstly, because it is the one that has been found to be
relatively more innovative according to the available literature.

Secondly, the sector was deemed strategic for the growth of the other sectors. The
popular basic industrial strategy (BIS) of early 1970's was about to bring structural
change in the economy, where the share of capital goods sector was to be raised. After
almost two decades of the implementation of the strategy, it was found unsuccessful.
Such desired structural change in the economy is till in the long-term objectives of
the current industrial strategy, SIDP (Sustainable Industrial Development Strategy)
(Ministry of Industry, 1996).

Since the study is designed to base on observed innovative activities, micro and small-
scale industries (employees less than10) cannot be included because these are less
likely to be innovative. Several studies on this sector indicates that the sector is biased
towards labour rather than capital intensity (Bagachwa 1994)
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Two research methods will be employed: Survey approach and case study approach.
The case study will be on in depth study on two types of firms. those that are
relatively innovative and those that do not show any sign of innovative activities.

4.2.1 Sampling Procedures
The study will include the entire medium and large-scale industries in metal and

engineering sub-sector. That is, by Tanzanian definition, al the firms with 10
employee and above in the metal and engineering sub-sector.

4.2.2 Data Collection Techniques
Structured questionnaire
Semi-structured questions.

In-depth interview (For the case studies).

4.2.2 Data Sources

4.2.2.1 Primary Sources

The structured questionnaire will be administered in the sample firms. While While
unstructured questionnaire will be administered to both the sample firms, and R&D
institutions.

4.2.2.2 Secondary Sour ces

Data based at Ministry of Industry and Trade, and R&D institutions.

4.3.0 Design of Questionnaire

4.3.1 Measurement of Innovation

As demonstrated from the definition of innovation and its systemic nature, measuring
innovation presents a fundamental problem in innovation studies. The above difficulty
notwithstanding, from available literature three ways of measuring innovation can be
identified:
A measure of the inputs into the innovative process, such as research and
development (R&D) expenditure, or else a share of the labour force accounted for
by employees involved in R&D activities.

An intermediate output, such as the number of inventions that have been
patented.

A direct measure of the innovation output.

The first two measures have largely been criticized as inappropriate, especialy as it
relates to incremental innovations. This therefore will not be discussed. The third
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approach is therefore chosen and discussed briefly. As the name suggests, this is
achieved by directly looking at the innovation outputs.

Several researchers have used the above direct measure method, for instance SPRU
used it to identify significant technical innovation that had been successfully
commerciaized in the United Kingdom since 1945. This was done by directly writing
to the experts in each industry. The study aso identified the firm responsible for the
innovation (Pavit et. a., 1987, cited in Acs et. al, 1991).

Another work in which the direct measure was used is the compilation of innovation
database for US Small Business Administration Innovation DataBase (SBIDB). The
database consists of 8074 innovations introduced in the US in 1982. A private firm,
The Future Group, compiled the data base and performed quality anaysis for the US
Small Business Administration by examining over 100 technology, engineering and
trade journals, covering each manufacturing industry. From the sections in each trade
journal listing innovations and new products, a database consisting of innovations by
four-digit standard industrial classification (SIC) was formed. The above data has
been utilized by researchers to analyze the relationships between firm size and
technological change on one hand and market structure and technological change on
the other hand (Acts, J.Z et. Al., 1991).

The study intends to use the direct measure by asking the experts at the firm level to
identify innovations (new products or processes and/or any modifications made to
these) they think have contributed to the productivity growth of the firm. The
productivity growth is stressed to eiminate unsuccessful adoption of imported
technologies. These can also be supplemented by measuring productivity growth of
the sample firms over several years. Here special care will be taken to exclude all the
non-innovative changes discussed in section two.

4.3.2 Measurement of Market Linkages

A number of dimensions adapted from Nystrom (1990) will be used to measure the
degree of short term versus long-term market linkages. Nyastrom was relating the
degree of commercial success to type of marketing strategy in Swedish paper
industry. He therefore derived several dimensions to measure the degree of market
linkages. Of these the study will only adopt those, which corroborate the conceptual
framework, discussed in section two. These are:

Degree of Product Differentiation

This reflects how well the product is adapted to individual buyer or how specific the
product design is from the point of view of the buyer.

Production Technology

Flexibility in switching between different products in the product range of the
company.
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Sub Contracting Activities

If a firm is found to be a sub-contractor, assistance in equipment upgrading from
parent firm is sought.

Buyer Characteristics

-The proportion of the established customers
-The relative proportion of company sales which the largest customer accounted for.

4.3.3 Measurement of Factors Affecting Linkages and I nnovativeness

These will be analyzed through a detailed case gudy of few selected firms from the
two extremes that is those that are relatively innovative and those which do not show
any sign of innovation.

5.0 Data Analysis Techniques

SPSS package will be used to analyse the quantitative aspect, while packages such as
NUDIST will be used to analyse the case studies.
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