
3. Innovation systems and the learning process

3.1 Introduction - Social and technological
components of learning

AcentralobservationaboutICTs is thatthese technologies
o¡er new opportunities for social and economic trans-
formation. In the industrialised countries, these trans-
formations are evident in the way that new forms of
learning are giving rise to innovative knowledge networks
which facilitate the creation and exchange of information.
This chapter discusses some of the changes a¡ecting the
management of technological innovation within ¢rms
and public sector establishments concerned with the
scienti¢c and technological innovation process. This
chapter is concerned mainly with questions about how
people in ¢rms and public sector organisations are learn-
ing to organise and manage ICTs. It focuses on how ICTs
are a¡ecting the production of knowledge and its distribu-
tion, and on the impact of ICTs embedded in product
and process innovations in the manufacturing sectors.

Illustrations are drawn from the experiences of both
industrialised and developing countries. This chapter
o¡ers insight into the process of organisational learning
and the importance of user-producer linkages in building
social and technological capabilities. These linkages and
the learning process are changing with the application of
ICTs.The organisationofknowledgeproduction is under-
going changes which may have profound consequences
for established institutions as well as for the management
of organisational change. In spite of the increasing use of
ICTs to enable access to formal (codi¢ed) information,
this chapter stresses the continuing importance of infor-
mal (tacit) knowledge in the innovation process.

The ¢rst main section (3.2) looks at the new modes of
scienti¢c and technological knowledge production which
are beginning to emerge in the industrialised countries
andconsiders their implications fordeveloping countries.
Section 3.3 considers the growing importance of linkages
between users and producers and the way these are being
a¡ected by the application of ICTs. Section 3.4 examines
the nature of the learning process for people in organisa-
tions when codi¢ed and tacit forms of knowledge are
combined to generate new knowledge. Section 3.5 moves
on to look at organisational learning processes in the
context of the introduction of advanced manufacturing
technologies and Section 3.6 illustrates some of the forms
of industrial organisation which seem to be related to the
e¡ective use of ICTs. Section 3.7 takes up the important
issue of skills and capabilities that ¢rms need to acquire
for productive use of these technologies giving special
emphasis to skills involved in the management of techno-
logical innovation.The importance of trust is the subject

of section 3.8 because of its role in alliances and partner-
ships among organisations that are providing the basis
for people to learn and develop new capabilities. Section
3.9 provides a country case study (China) of the manage-
ment of organisational change and technological innova-
tion. The ¢nal section of the chapter, section 3.10,
emphasises the types of knowledge that are needed to
assess technology options, select innovative ICT applica-
tions and ensure that capabilities are built up to use them
e¡ectively.

3.2 Changes in the scientific and
technological R&D process

The capacity to acquire and generate knowledge in all its
forms is a critical aspect of the development process
regardless of how that process is de¢ned. The type of
knowledgedi¡ersdependingonwhethera social, political,
economic, technological, or scienti¢c perspective is
adopted. For example, some models of development con-
centrate on raising the average general level of education
of a population, others stress the importance of a strong
science base, while still others focus on technology trans-
fer, that is, on adopting knowledge produced by others.
Scienti¢c and technological knowledge plays a very
important role in the innovation process. It has been
argued in recent years that the way inwhich scienti¢c and
technological knowledge are produced is changing quite
radically (Gibbons et al. 1994). If there is a fundamental
change in the `mode' of knowledge production it is likely
to lead to a reorientation of R&D practices and organisa-
tion. If the changes are pervasive across ¢elds of scienti¢c
and technological activity, they will a¡ect the research
and innovation systems of both industrialised and devel-
oping economies, albeit in di¡erentways.

The emergence of a new mode of knowledge production
has profound implications for developing countries
because of the tensions it creates with respect to the viabi-
lity of existing institutions of science. In adopting the
form of science which predominates in the industrialised
countries, most if not all, developing countries have in
some way embraced their institutional structures as well.
As a consequence, many developing countries may ¢nd
themselves `locked in' to amode of knowledge production
which is increasingly less relevant to their speci¢c techno-
logical and economic requirements.

The idea of a newmode ofknowledge production ismulti-
faceted and, therefore, di¤cult to describe brie£y.
According to Gibbons et al. (1994) the key change is that
scienti¢c and technological knowledge production is
becoming a less self-contained activity. In many leading-
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edge areas of research, several di¡erent skills are required
in order to solve problems. In addition, scienti¢c know-
ledge production is no longer the exclusive preserve of
special institutions such as universities from which
knowledge is expected to spill over, or spin-o¡, to the
bene¢t of other sectors. Knowledge production, its
theories, models, methods, and techniques, has spread
from academia and is now carried out in many di¡erent
types of institutions. It has become a much more socially
distributed process. Knowledge production has always
had this characteristic to an extent, but the key feature of
today's `knowledge societies' is the rapid broadening of
the production process on a spatial and institutional
basis.The number of sites actively engaged in generating
knowledge resources is multiplying rapidly. The new
mode of socially distributed knowledge production has
¢ve principal characteristics.

] There are an increasing number ofplaceswhere recogni-
sably competent research is being carried out.This can
be demonstrated by consulting the addresses of the
authors of scienti¢c publications. Change is taking
place so quickly that the full extent of the social distribu-
tion of knowledge production is probably no longer
fully captured by the printedword.

] These sites communicatewith one another and, through
this process, broaden the base of e¡ective interaction.
The stock of knowledge is derived from an increasing
number of £ows from various types of institutions that
contribute to, and draw from, the stock of knowledge.

] The dynamics of sociallydistributed knowledge produc-
tion lie in the £ows of knowledge and in the shifting
patterns of connectivity amongst these £ows. Although
the connections may sometimes appear to be random,
in the new mode of knowledge production they move
with the problem context rather than according either
to disciplinary structures or the dictates of national
science policy.

] The number of interconnections among knowledge
producers is accelerating, apparently unchannelled by
existing institutional structures, partly because these
connections are intended to be functional and to survive
only as long as they are useful. The ebb and £ow of
connections follow the paths of problem interest.

] The socially distributed knowledge production system is
growingbut itdoesnot appear tobe followingthe institu-
tional patterns that have characterised science in the
past. New sites of knowledge production are continually
emerging and, in their turn, providing intellectual
points ofdeparture for furthercombinations of research-
ers. The emerging socially distributed knowledge
production system appears to be characterised by a
potentially exponential increase in the density of com-
munication.

Research practices are changing fundamentally but the

changes arenotuniformacross thewhole range of research
activities. However, when the changes described above
occur together, the new practices have su¤cient coher-
ence to de¢ne a new mode of knowledge production
called Mode 2 (Gibbons et al. 1994). Research practices
in Mode 2 knowledge production di¡er from those that
operate in the disciplinary structure of science which can
be labelled asMode1. InMode2,problems are formulated
and research is carried out in the problem solving context
involving a complex interplay amongst specialists, users
and funders. Research continues to be carried out in
universities and in government and industry laboratories,
but it is also, and increasingly, underway in research insti-
tutes, think tanks, consultancies, and in small ¢rms
supported by venture capital, for example, biotechnology
and software ¢rms.

Expertise in Mode 2 is con¢gured around a particular
problem, but the expertise itself may be drawn from a
much wider range of backgrounds and institutions than
inMode1.Mode 2 con¢gurations tend to be organised in
£at hierarchies and to have a relatively transient existence.
The most interesting and intellectually challenging
problems tend not to emerge from within disciplines,
and research ¢ndings are less likely to be reported
through the channels of communication that operate in
Mode 1. The new ways in which research agenda are
constructed and results communicated have major impli-
cations foralluniversitiesbecausegenerallytheysee them-
selves as the guardians of Mode 1. They de¢ne `good
science' in the terms that characteriseMode1.The emer-
gence ofMode 2 sets up di¡erent criteria of problem de¢-
nition and of excellence in performance.

The new mode of knowledge production implies special
problems for research in the developing world because
the institutionswhichsupport science tendtobemodelled
on those of a former colonial power where it was assumed
that there is a separation of the production of knowledge
from its application and that `open science' generates
knowledge which can be passed through open exchange.
For example, in Mode 1, speci¢c types of institutions,
universities and government laboratories are seen as
producers of knowledge, while ¢rms and other public
institutions, such as the health services, are regarded as
users ofknowledge.InMode1it is oftenassumedthat di¤-
culties in connecting the producers with the users of
knowledge should be overcome by setting up technology
transfer institutions of various kinds.

But inMode 2,much leading-edge research is carried out
in the context of application. In this process knowledge
producers and users interact intensively in a process of
negotiation. Until this process of negotiation occurs, no
research is initiated. Access to this negotiation process is
mainly the result of a recognition of speci¢c expertise.
For most industrialised countries, the problem is to
access this process using whatever modes of communica-
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tion are feasible including ICT-supported knowledge
networks. In addition, in Mode 2, there may be a greater
tendency for knowledge generation topass from organisa-
tions committed to disclosure, to those committed to
appropriating knowledge for pro¢t, suggesting a factor
which may exacerbate the exclusion of researchers in
developing countries.

Researchersoperating inthe sciencesystemsofdeveloping
countries may be at a disadvantage in accessing various
problem solving contexts. On the positive side, research
in the context of application (Mode 2) may release devel-
oping countries from the need to create huge establish-
ments of human capital devoted to pursuing a research
agenda that has been set by others and structured along
disciplinary lines.Mode 2 knowledge production requires
a smaller, more specialist, scienti¢c establishment which
is skilled at making contributions to collective problem-
solving e¡orts. On the negative side, problem contexts
are more complex and developing countries may not be
perceived as having su¤cient expertise.

There is a tension here for developing countries because
participation in Mode 2 requires both more and less
specialisation. It requires more in that scienti¢c and tech-
nological expertise within a country must be able to
accommodate a wide range of contexts. It requires less
specialisation in the sense that researchers need a wide
range of generic skills.This is a di¤cult balance to main-
tainand it requires the identi¢cationof teams andpartner-
ships to enhance the prospect of generating useful
research results.

There is little evidence that Mode 2 is emerging in the
developing world. Mode 1 remains dominant, in part
because many national economic development plans that
depend on foreign aid require countries to establish the
types of Mode 1 scienti¢c institutions that exist in the
industrialised world. Many donor organisations insist
that developing countries continue to build up establish-
ments tomatch the `best in theWest'.This is an expensive
option and it is not clear that this strategy is in tune with
the changes in knowledge production which characterise
Mode1.

One locus for change consistent with Mode 2 knowledge
production may be the universities. Meeting demand for
higher education in the developing countries in the stan-
dard way through discipline-based universities is very
expensive and governments are looking for less expensive
alternatives. In a situation in which demand for higher
education is fragmenting, no university is likely to be able
to meet this demand entirely from within its own
resources. Universities in developing countries are likely
to need to seek partnerships of the Mode 2 kind to
support teaching as well as research.1

Ifthe scienti¢candtechnologicalbase indeveloping coun-
tries is to engage in e¡ective knowledge production in the
context of application, people will be needed with the

expertise to work in the way that characterises Mode 2.
This process may be helped by e¤cient use of ICTs to
enable researchers in these countries to develop a greater
awareness of the range of expertise that exists world-wide
and the partners with whom they might e¡ectively
combine to generate new knowledge. `Knowledge net-
works'are increasingly spanning national boundaries and
linking researchers in the industrialised and developing
countries. Those who can engage in the new mode of
knowledge production and who have access to global
networks at relatively low cost are likely to be advantaged
over those for whom such access is unreliable or costly.
All these changes in the knowledge production process,
and especially the trend toward knowledge production in
the context of application, mean that the scienti¢c and
technical communities in developing countries need
access to appropriate network infrastructures. They also
need incentives to engage in international collaboration
so that they can access the vitally important negotiation
processes that lead to research.

The impact of ICTs is a¡ecting the foundations of the
`culture'of scienti¢c and technical knowledge production
(Hawkins 1996). The use of ICTs to support scienti¢c
andtechnological research is in£uencingtheway scienti¢c
and technical work is organised, the way it is operationa-
lised, and the way it is evaluated.The potential exists for
ICTs to be used to encourage diversity in the scienti¢c
and technical community by permitting more people to
work in their own localities, and to develop research
agenda that draw on local perspectives, experiences and
conditions.For this to occur, however, institutional struc-
tures must evolve in a favourable way. Observers have
pointed to the potential for con£ict between the scienti¢c
community's interest in open networks and industrialists'
interests in the protection of technological knowledge
through the intellectual property rights regime. Others
have noted that ICTs themselves do not create jobs,
educate people or generate new knowledge. They can
only contribute to the broader processes of learning,
changes inwork organisation, scienti¢c and technological
education, and the quality of life.

For the scienti¢c andtechnological communities in devel-
oping countries, ICT-based research networks raise
issues including: the balance that should exist between
the requirements of the scienti¢c and technological
research community for open access to the most current
scienti¢c information and the rights to intellectual prop-
erty held by various stakeholders; how to ensure that the
knowledge generating communities in all countries have
access to knowledge resources on reasonably equitable
terms;how to allocate the costs ofaccess tonational, regio-
nal and global networks among various parts of the scien-
ti¢c and technological community; and how to ensure
that scienti¢c and technological research policies are
linked with those for telecommunications, education,
and industrialisation.
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There is little dispute that scienti¢c and technological
research training is essential for the development
process. Today, `highly e¤cient technologies, even low
cost technologies and technologies adapted for local use,
tend to contain a large amount of research based know-
ledge' (Thulstrup 1994: 2). This is particularly so in the
case of advanced ICT-based systems. The initiation of
new learning processes in the public and private sectors
is a prerequisite for e¡ectively using these technologies.

3.3 Building learning capabilities

The full economic bene¢ts of information technology depend on

a ... process of social experimentation and learning which is

still at an early stage (Freeman andSoete1994: 42).

The di¡usion of ICTs is being accompanied by major
changes in thesystemsofrelationshipsbetweentheprodu-
cers and users of goods and services. These changes go
beyond the changes in the mode of scienti¢c and techno-
logical knowledge production discussed in the previous
section. They reach into every branch of industrial
production. Advanced digital ICT-based systems appear
to be strongly associated with a `paradigmatic' shift from
older tonewermodes ofproduction ofgoods and services.
Table 3.1 shows a comparison of the main characteristics
of the older `Fordist' or mass production mode with the
emerging new ICT-based production mode. The wide-
spread di¡usion of advanced digital technologies and the
availability of cheaper and growing computing capacity
are speeding up a major shift in the `techno-economic
paradigm' (Perez1983; Perez and Soete1988).

The social and economic impacts of this shift to the new
`ICT paradigm' are very uncertain for all countries
(Freeman and Perez 1988).The changes in the organisa-
tion of production in local and global markets that are
accompanying this shift are occurring at di¡erent speeds
andwith di¡erent consequences in the industrialised and
developing world. Since ICTs are only beginning to be
usedin the leastdevelopedcountries,the social conditions
and modes of organisation necessary to produce bene¢ts
cannot be inferred directly from empirical studies in
these countries.The best option is for these countries to
look at the experiences of countries that are further along
the learning curve in the context of their own particular
circumstances. Insights can be derived from the experi-
ences ofsuppliers andusers in theirorganisational settings
in other developing countries.

ICTdi¡usion and implementation require complex inter-
actions between technological, economic, social, and poli-
tical forces and selection from combinations of
innovations. Knowledge and learning capabilities are
strategic resources in this context (Cassiolato 1996).The
traditional literature on the di¡usion of technological
innovations tends to overlook the tendency for suppliers
to bene¢t from the learning experiences of users (Clark
and Staunton1989). Recent research has shown that new

technology di¡usion and development processes are
closely intertwined (David and Olsen 1984; David 1985;
David and Bunn1988).Technology di¡usion rates can be
explained by signals that motivate ¢rms to overcome
information asymmetries and to acquire the knowledge
essential for the adoption of an innovation. In many
cases, advanced users help to pull through innovations
and generate further innovations that improve the new
technology (vonHippel1988).Thus, di¡usion and devel-
opment often occur simultaneously within competitive
market economies (Metcalfe1986).

Table 3.1 - Changes in techno-economic paradigm

`Fordist'
Old

`ICT'
New

Energy-intensive Information-intensive

Standardised Customised

Rather stable product mix Rapid changes in product mix

Dedicated plant and equipment Flexible production systems

Automation Systemation

Single firm Networks

Hierarchical management
structures

Flat horizontal management
structures

Departmental Integrated

Product with service Service with products

Centralisation Distributed intelligence

Specialised skills Multi-skilling

Minimal training requirements Continuous training and
re-training

Adversarial industrial relations;
collective agreements codify
provisional armistices

Moves towards long-term
consultative and participative
industrial relations

Government control and
planning and sometimes
ownership

Government information,
regulation, coordination, and
`Vision'

`Full employment' Àctive Society'

Emphasis on full-time
employment for adult (16 -65)
male workers

More flexible hours and
involvement of part-time workers
and post-retirement people

Source: Based on Perez, C. and Boyer R. in Freeman, et al. (1991).

Social, economic, and political selection processes linked
to the di¡usion process shape the use of innovative tech-
nologies. The interactions between suppliers and users,
and a relatively sophisticated pool of technical skills in
the surrounding environment, are important elements in
the technology development process. The interactions
between suppliers and users have two major implications.
First, collective learning arising through inter-¢rm links
in the early stages is more likely when open (rather than
proprietary) systems are emerging. Second, the competi-
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tiveness of suppliers is linked closely to the competitive-
ness of the technology-using ¢rms (Perez1988).

The technology user as a creative contributor to the inno-
vation process is very important in the case of ICTs.
Users of ICTs in developing countries need to be able to
imaginatively develop and modify the technologies they
use. Ifuser-producer interaction is essential to the innova-
tion process, then there is a need for a growing presence
of creative producers (not just users) in developing coun-
tries. Although,many developing countries, and particu-
larly the least developed, are unlikely to play the role of
producers of ICTs, the network character of ICTs means
that to be an e¡ective user, these countries do need to
acquire skills and capabilities that go beyond those
received through the import of sophisticated machinery
and hardware (Freeman1994). In order to become an e¤-
cient user of ICTs, ¢rms (or countries) also have to
acquire the relevant knowledge through an interactive
process of learning-by-innovating. Raphael Kaplinsky
has observed that, in the case of the use of automation
technologies, the adoption of ICTs by ¢rms in developing
countries may be hampered by the absence of any local
capacity to produce them.

... unless all, or most of the `̀ electronic jigsaw'' is in place, the

systemic advantages of automation are di¤cult to capture. In

the IACs [industrialised advanced countries], the di¡usion of

these jigsawpieces is occurring foranumberofreasons, including

product-enhancing characteristic (as in the development of

CNCmachine tools), factor price considerations (word proces-

sors save on expensive secretarial time) and material savings

(energy control devices). In LDCs [less developed countries],

the factor price considerations are of muted importance ...

[and]hence ... in someparts of theThirdWorld only those tech-

nologies associated with product characteristics are di¡using.

This obviously poses obstacles for longer-run systemic competi-

tiveness (Kaplinsky1988: 8).

In addition, because proximity to local markets continues
to be crucial for the successful development and di¡usion
of many ICT products during the initial take-o¡ period,
the requirements of developing country markets are
likely to be addressed only after the new technologies
have matured (Cassiolato1992).

In spite of the disadvantages facing many developing
countries, a shift in the emphasis of national ICT strate-
gies away from di¡usion and toward the build-up of user
capabilities is likely to permit `user' innovation to occur.
This kindof shift in technologypolicyhas been character-
istic of policies in the industrialised countries since the
late 1980s: `IT di¡usion actions were in place (in the early
1980s), but they commanded modest resources and
limited attention. In the latter part of the1980s, however,
the policy focus shifted increasingly to the di¡usion (use)
side' (Hanna et al.1995: 48).

Asaresultofuser innovation,ICT-using¢rms and institu-
tions in the developing countries may be adopting ICTs

in ways that are more e¤cient than some of their more
developed counterparts (Cassiolato 1992), or at least at
the same e¤ciency level (Coutinho 1995; James 1994;
OECD 1993a). For example, strong user-producer rela-
tions led to very e¤cient production of banking automa-
tion goods and systems in Brazil. Achieving technological
capabilities through a process of innovation/di¡usion
fostered by user needs also proved to be cost-e¡ective
(Cassiolato 1992). Even critics of Brazilian ICT policies
acknowledge that the banking automation systems devel-
oped in Brazil are less expensive than their equivalents
available internationally (Frischtak1990). Case studies in
Brazil show that banks successfully incorporated specia-
lisedpersonnel in their business, that is, electronics engi-
neers who gradually acquired the skills to design and
implement automation strategies. Institutional learning
occurred as banks perceived the importance of ICTs and
the engineers acquired the tacit knowledge of banking
activities.Theywere able to transformthis tacit knowledge
into knowledge embedded in ICT systems. In contrast,
retail ¢rms inBrazil regardedspecialisedhumanresources
as a cost. Automation decisions were taken by people
with tacit knowledge about the retail businessbutno capa-
city to maintain a dialogue with technical people, and, as
a result, interactionwas impossible.

The successful di¡usion of ICTs involves a process of
collective and multidisciplinary, and dynamic learning.
This encompasses the capabilities to use and to produce
the technologies since relationships between users and
producers are de¢ned at the local level. Therefore, the
domestic capacity to exploit ICTs lies in the particular
mix of capabilities that it is able to generate for producing
or using the technology.This de¢nes a country's potential
for exploiting learning-by-doing and learning-by-using

processes.The learning processes are dependent on local
action related to planning and organisational capabilities,
`managerial skills and entrepreneurship', human capital
development, and strategies for generating large invest-
ments in telecommunications (ModyandDahlman1992).

Most developing countries cannot expect to cover all the
components of the ICT sector. However, this is not
crucial since the components, such as PCs, are becoming
standardised.The critical issue for a national ICT strategy
is to assess the importance of certain kinds of user-
producer linkages in key segments of the industry and to
encourage selected new capabilities in these areas.

3.4 The `learning economy', ICTs, and tacit
knowledge

The capacity of a national (or regional) system of innova-
tionforbuildingthecapabilities requiredtotake advantage
of ICTs is a re£ection of the nature of the `learning
economy' that exists in developing countries. Learning
capacity is related not only to the sophisticated use of
ICTs to access global stocks of knowledge, but to the char-
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acteristics of the communication process among people
involved in the innovation process. For example:

... studies ... uniformly demonstrate that theway inwhich tech-

nical information gets communicated to those charged with

solving technical problems is neither through formal computer-

based scienti¢c information or data retrieval systems, nor

through news releases or technical brie¢ngs. Rather it is

through people-to-people communication (Roberts1980:7).

ICTs should not be regarded as a potential substitute for
human skills or tacit knowledge. Nevertheless, the use of
ICTs can o¡er an important complementary component
of the national information infrastructure leading to
capability building and enhanced learning throughout
the economy. Bengt-Ðke Lundvall and others have
suggested that the current phase of economic develop-
ment is one in which knowledge and learning are more
important than in any other historical period (Lundvall
1996a).This is because, regardless of the current capabil-
ities of industrialised and developing countries, in the
`learning economy', individuals,¢rms, andeven countries
will be able to create wealth and obtain access to wealth in
proportion to their capacity to learn.2 This perspective
holds that `there is no alternative way to become perma-
nently better o¡ besides the one of putting learning and
knowledge-creation at the centre of the strategy'
(Lundvall1996a: 2).

Thismeans thatbroadde¢nitions ofknowledge and learn-
ing are needed.Wealth-creatingknowledge includes prac-
tical skills established through learning-by-doing as well
as capabilities acquired through formal education and
training. It includes management skills that are learned
through practice and insights generated by R&D e¡orts
(see Box 3.1). In the `learning economy', tacit knowledge
is as important, or even more important, than formal,
codi¢ed, structured and explicit knowledge.3 Learning
processes occur within all economic activities including
R&D,marketing, production, and development.

Between the extremes of generic (codi¢ed) knowledge
formulated inways that canbe accessed by anyone assum-
ing a certain level of literacy and tacit competence that
can be sharedwith others only through social interaction,
there are mixed forms of knowledge.

How do these mixed forms of knowledge change with the
ICTrevolution? It is conceivable that the limitations on
the transferability of tacit knowledge might be overcome
byembodying it inproducts, process equipment and soft-
ware systems such as business information systems and
expert systems. However, the automation of human skills
has proved to be successful only for relatively simple repe-
titive tasks that take place in a reasonably stable environ-
ment.There is also some evidence that ¢rms which have
over-emphasised the use of automated business inform-
ation systems in their decision-making processes have
been less than successful (Eliasson1990).4

Box 3.1 -What is tacit knowledge?

Should¢rmAtake over ¢rmBorshould it leave things as they
are? To make such a decision involves the processing of an
enormous amount of information and attempts to analyse a
multitude of relationships between ill-de¢ned variables.
Guesstimates and hunches about future developments are
crucial to the outcome. Evaluating the human resources in
the other¢rmis acomplexsocial act.There is no simple arith-
metic to refer to (depending on future developments 1+1
may sum up to -2, +2 or even +10). It is obvious that the
competence needed in this case is not easily transferred
either through formal education or through information
systems. It should also be observed that the decision is
unique rather than one in a series ofvery similarly structured
problems. Attempts to design formal decision models to
cope with this kind of problem will not be meaningful and
the knowledge remains tacit and local. The competence of
business leaders canbe learned but the learningwill typically
take place in a kind of apprenticeship relationship where the
apprentice or the young business administrator learns by
operating in close cooperation with more experienced col-
leagues (Lundvall1996a).

The introduction of partially automated systems does not
necessarily lead to the disappearance of tacit knowledge
(Nonaka and Takeuchi 1995). The main impact of these
applications is a speeding-up of speci¢c phases of the
innovationprocess rather thananyreduction in the impor-
tance oftacitknowledge.This speedupmay,paradoxically,
increase the demand for tacit skills because there is a
greater need to analyse and to react to a complex and
rapidly changing £ow of information.

ICTs canbeusedto reinforcehuman interactionand inter-
active learning. For example e-mail systems connecting
people with common local knowledge can have this
e¡ect, and broad access to data and information for
employees can further the development of common
perspectives and objectives for the ¢rm. Information can
be reduced to `bits' and put into a computer but tacit
knowledge cannot be transformed into information, at
least not without changing the content of the knowledge.
The introduction of tacit knowledge, including shared
tacit knowledge rooted inside ¢rms or in local
knowledge-intensive networks of ¢rms, has an impact on
global competition and ¢rms are increasingly exploiting
their speci¢c knowledge assets all over the world
(Lundvall1996a).

Anoptimistic scenario fordevelopingcountries in the face
of the di¡usion of ICTs envisages a massive transfer of
tacit knowledge into information systems giving these
countries access tonewprocess technologies andproducts
developed in the industrialised countries both rapidly
andat lowcost.In theory, thiswould leadtoan acceleration
of the catching-up process and a reduction in global
inequalities. However there are two less optimistic
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scenarios (Lundvall 1996a).The ¢rst is that access to the
new knowledge is limited by the absence of capabilities to
master the language and codes associated with ICTs. In
this case access would be gained only by countries and
¢rms with an appropriately trained labour force. The
second scenario is more complex. In this case, tacit know-
ledge would play a major role but the application of ICTs
would speedup the rate ofeconomic change and stimulate
the need for rapid learning, that is, the development of a
`learning economy' would be essential for developing
countries. In this case the strategies for organisational
learning, managing inter-¢rm relationships, and entry
into the international or Global Information Society
would be crucial.

There are likely to be di¡erent approaches depending on
the institutional conditions in each developing country.
A strategy which attempts to emulate the success of the
newly industrialising countries in South East Asia often
appears tobeattractive as abasis forestablishinga`learning
economy' because of their economic success in recent
years. However, as noted in Chapter 1, it is not clear that
this experience is replicable today.Organisational learning
is possible if there is a substantial movement of people
between the developing countries and the countries with
some experience in practising strategies appropriate to
the learning economy. Even when this is achieved,
however, the importance of the local knowledge base and
its integration with development strategies involving the
application of ICTs should not be underestimated.
Successful strategies in developing countries are likely to
be thosewhich give the greatest attention to the combina-
tions of learning strategies that are promoted and to the
way ICT applications are used to complement, rather
than to replace, informal learning and technological and
social capability building.

Information does not just `̀ £ow''. Information must be coded,

decoded, transmitted, comprehended. In an international

economic, S&T, and socio-environmental setting this trans-

mission and communicative requirement is very complex and

not well understood (Whiston1997: 8).

Learning occurs on an economy-wide basis and within,
and across, organisational boundaries. The following
section draws lessons about the learning process from the
application of ICTs in advanced manufacturing techno-
logies. Section 3.6 looks at some of the characteristics of
the industrial organisation of the use of ICTs.

3.5 Organisational learning and advanced
manufacturing technologies

Successful adoption and implementation of AMT requires

considerable learning on the part of organisations.Whilst some

of this can be facilitated by the provision of traditional training

inputs, such as those o¡ered by equipment suppliers, the general

message is that a much broader spread of support is required

(Bessant1996: 40).

Advanced manufacturing technologies (AMT) refer to a
`bundle of technological opportunities which are opened
up by the application of information technology but ...
include in this bundle the organisational `̀ good practices''
which have emerged in parallel with IT developments'
(Bessant1996:1).Organisational learningona continuous
basis is needed to bene¢t from these technologies as well
as investment in hardware, software, and human resource
development (Leonard-Barton 1995; Pisano 1996). The
increasing globalisation of manufacturing and services is
accompanied by changes in competitive priorities away
from non-price factors and there are strong pressures to
o¡er a wide range of products at low cost and of high
quality.Globalmarkets are also characterisedby increased
numbers of suppliers and declining trade barriers in
many sectors (Bessant 1996). AMTs are expected to
contribute to strengthening ¢rms' competitiveness and
the expected contributions are shown inTable 3.2.

Table 3.2 -The potential contribution of advanced manufacturing technologies to improved competitiveness

Problems in manufacturing Potential contributions of AMT

Introducing new products on schedule CAD/CAM shortens design lead time - tighter control and flexible manufacturing
smooths flow through plant and cuts door to door time

Producing to high quality standards Improvements in overall quality via automated inspection and testing, better production
information and more accurate control of processes

Inability to deliver on time Smoother and more predictable flow through design and manufacturing stages makes for
more accurate delivery performance

Long production lead times Flexible manufacturing techniques reduce set-up times and other interruptions so that
products flow smoothly and faster through plant

High and rising material costs Integrated production management systems (MRP2) reduces inventories of raw materials,
work-in-progress and finished goods

Poor sales forecasts More responsive computer-based systems can react quicker to information fluctuations.
Better database permits more accurate forecasting

Source: Bessant (1996).
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AMTs o¡er opportunities to replace manual monitoring
and control functions by automated processes. They
enable integrationbylinking functions into systems, o¡er-
ing the potential for producing a greater variety of pro-
ducts, and a basis for the introduction of organisational
innovations leading to greater £exibility, quality, and
customer focus.Theyalso canbe usedto support network-
ing among locally and globally cooperating ¢rms.

Early experiences with AMTs such as computer-aided-
design/computer-aided-manufacturing (CAD/CAM),
£exible manufacturing systems (FMS) and other applica-
tions, such as robotics and integrated computer-aided
production management, have demonstrated that they
must be located within a coherent business strategy and
accompanied by relevant parallel organisational changes
if they are to be implemented successfully.

The roles of people and organisational processes are criti-
cal to the successful introduction of manufacturing inno-
vations. Organisational learning is the process through
which organisations acquire tacit knowledge and experi-
ence. This occurs through individuals and their beliefs
and actions which shape the organisation's view of the
world and give rise to particular forms of action.
Organisational learning involves a continuous cycle of
searching leading to new experiences, the di¡usion of
these experiences, and the emergence of shared under-
standings.

The learning process also involves experimentation,
experience, re£ection, and conceptualisation. When the
cycle of learning is incomplete, the bene¢ts of AMTs are
very di¤cult to capture.Many ¢rms in the industrialised
countries have been successful in completing this cycle
and ¢rms are now giving priority to the need to build a
`learning capacity' within the organisation (Cohen and
Levinthal 1990). The necessary knowledge is unlikely to

be available in formal (codi¢ed) form and so it cannot be
acquired by formal education and training, for example,
using ICTsupported education tools.

The cycle of `continuous improvement' provides a means
of strengthening learning capacity through a repeated
cycle of action, experience, and review; evaluations build-
ing on measurable performance parameters; the capture
of information resulting from experiments; the presence
of an experimental climate that does not punish failure;
the display and communication of the results of success;
encouragement of continuous challenges to the status
quo; and the high valuation of alternative perspectives on
problems (Bessant andCa¡yn1997).

Organisational learning can take the form of a simple
adaptation ofexisting skills and organisational behaviours
or radical changes when integrated production inform-
ation systems are introduced (see Table 3.3). Integrated
systems can reduce lead times, stimulate quality improve-
ments, allow greater £exibility, and generate cost-savings
in terms of inventory stock.

If these types of organisational learning are introduced in
isolation theymayresult inan initialperiodof enthusiasm,
but this is likely to be followed by abandonment.
Alternatively, if the changes are introduced as part of a
cycle of learning they are more likely to produce major
cultural shifts across the whole organisation.

At the ¢rm level, successful organisational learning to
bene¢t fromAMTs requires (Bessant1996): learning and
adaptation on a continuous basis; training and develop-
ment to be treated as an investment rather than as a cost;
time and resources beingdevoted todevelopingan organi-
sational context which permits innovation; establishing
andreinforcingalearningcycle linkingcodi¢edknowledge
with tacit knowledge; formal training by equipment

Table 3.3 -Types of organisational learning

Technique Description

Total QualityManagement (TQM) Collection of techniques aimed at high involvement in monitoring and assuring quality,
with emphasis on zero defects, customer focus, and continuous improvements.

Lean manufacturing Collection of techniques focused on low/no waste manufacturing. Emphasises team
working, continuous improvement, waste reduction.

Continuous improvement Techniques designed to enable high involvement in incremental innovation.

Cellular/focused manufacturing Grouping of operations focused on particular customer/product segment. Emphasises
teamworking and continuous improvement.

Just-in-time Originally based onToyota Production System, the term refers to low waste techniques
aimed at delivering the right quantity and quality just in time for it to be used in the next
stage in the manufacturing process.

Concurrent engineering Early involvement approaches designed to reduce problems due to inter-functional barriers.

Supplier partnerships Close, cooperative relationships with suppliers can yield benefits in terms of faster, more
reliable deliveries, lower inventories and improved quality. Emphasises joint problem-solving,
lean principles.

Source: Modified from Bessant (1996).
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suppliers complemented by common understandings of
why changes are being introduced; training using class-
room and `on the job' opportunities; training `just in
time' to ensure connections are made between theory
and practice; and an emphasis on core skills and enabling
abilities (workingcross-functionally, teamworking,moni-
toring, measuring and engaging in continuous improve-
ment).These factors in successful organisational learning
are found in case studies of di¡erent types of ¢rms across
industrial sectors.Theypoint to the importance of lifelong
learning, a feature that is central to the capacity to cope
with challenges presented by ICTs.

Training at the ¢rm level needs to be complemented by
continuing education opportunities to upgrade and
broaden skills and enabling abilities; the provision of
opportunities for experiential learning through second-
ment programmes; awareness programmes raising
support for companies; incentives for learning rooted in
local cultures and ¢rms; the use of bench-marking pro-
grammes to facilitate the transfer of knowledge between
¢rms and sectors; and the encouragement of new `know-
ledge'or `learning networks'.The next section looks at the
introduction of ICTs in manufacturing sectors in the
context of industrial reorganisation over the past two
decades.

3.6 Industrial organisation for the productive
use of ICTs

The `ICT paradigm' (see section 3.3) represents a major
shift in industrial organisation. In the earlier period of
mass production, enterprises survived and £ourished by
focusing on cost reduction as the key objective.This was
achieved through the standardisation of ¢nal output, the
use of special-purpose machinery, the development of
work organisation, and tiered managerial structures built
on a ¢ne division of labour, and arms-length relationships
with suppliers.The new forms of competition entail £ex-
ible customisation characterised by volatile and demand-
ing ¢nal markets. Firms require the capability to compete
not just on price, but also on a range of other features
such as £exibility, quality, product variety, and time-to-
market.

ICTs are playingan important role inmeetingthemultiple
requirements of contemporary markets. Generally, they
are implemented in ways that are £exible, highly fault-
tolerant, and provide the capacity for meeting diverse
and complex market requirements. The preceding
section has emphasised the need for internal organisa-
tional learning to make the best use of the potential of
these technologies. New principles of production £ow
have to be introduced that support operational £exibility,
such as cellular plant layouts, the use of production-
pulling techniques, and kanban control systems.5 Quality
at source has to be substituted for traditional end-of-line
quality inspection and re-work. In addition, `world class

manufacturing' involves the endogenisation of incremen-
tal technical changes through processes of `continuous
improvement'.6

Further changes are needed in the ¢rm's relationship
within its `productive chain' (with both suppliers and
customers). The ¢rm's inter-¢rm relationships become
characterised by greater trust-intensity which substitutes
for arms-length relationships. This involves long-term
relationships with fewer suppliers, `open-book' costing
negotiations, and participation of many supply-chain
¢rms in the technological innovation process, for
example, simultaneous engineering. Extensive inter-
national experience has shown that these organisational
techniques are a necessary precursor to the productive
utilisation of ICTs not only in the automobile industry
(Womack et al. 1990), but in a range of other sectors
(Bessant 1991; Schonberger 1986). For example, it was
only after these organisational techniques were adopted
that Japanese automobile ¢rms invested heavily in ICTs
(Ho¡man andKaplinsky1988).

These experiences are drawn from the industrialised
countries. Are there obstacles which disadvantage devel-
oping countries in the adoption of these human
resource-intensive organisational techniques?

In most developing countries production has occurred in
relatively closed import-substituting markets, often in
the context of signi¢cant supply-constraints.The perva-
sive shift towards more open trading conditions has left
many enterprises ill-equipped to meet the needs of
increasingly more demanding domestic customers, and
especially external markets. A second factor that poten-
tially disables the adoption of these organisational tech-
niques in developing countries is the weakness of the
supplier base, particularly for small and medium-sized
enterprises. Supply-chain development is often a more
daunting task. New forms of organisation (and indeed
the productive use of ICTs) also require adequate physical
infrastructures including the traditional roads and ports
and the new `information highways'. Finally, low levels of
education in many developing countries may undermine
the capacity to introduce the new forms of organisation
(Jaikumar1986).

The shift required in organisational structures and
processes generally is larger in developing countries than
in the industrially advanced countries.This suggests that
developing countries are signi¢cantly disadvantaged in
their ability to introduce the organisational techniques
that are necessary in today's global markets and are essen-
tial precursors to the successful adoption of ICTs.There
is insu¤cient evidence to make an overall assessment,
but there is evidence that enterprises in a growing
number of diverse developing countries are making
successful use of new forms of organisation.

New forms of layout and production control, for example,
have allowed a Zimbabwean enterprise to reduce its costs
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signi¢cantly (see Box 3.2). In India, changes in organisa-
tion on both the shop £oor and especially in white collar
work have allowed an electrical ¢rm to slash its lead times
(see Box 3.3). The same Indian enterprise has demon-
strated its capacity to upgrade its supply chain in order to
improve the overall e¤ciency of its productive cycle.
Similar stories can be told for Brazil (Fleury and
Humphrey 1992), the Dominican Republic and Mexico
(Kaplinsky 1994), and for a range of other low-income
countries.

These experiences of using new forms of organisation
result in the emergence ofwhat economists call a `superior
technique'.They provide the capacity not only to enhance
quality and product variety, but also to reduce costs and
meet the requirements of small markets more e¡ectively.
As ¢rms in developing countries increasingly operate in
openmarkets, it is likelythatthe introductionofsuch orga-
nisational techniques will become more widespread. It is
unclear whether ICTs represent a `superior technique' or
whether they simply o¡er a new form of mechanisation
in which (expensive) capital is substituted for (cheap)
labour. If the latter is the case, this could be a reason for
the slower di¡usion of ICT-related changes in the manu-
facturing sectors in many developing countries than in
the industrially advanced countries.

3.7 Skills for capability building

The availability of appropriate skills is central to the
successful deployment of ICT-based innovations that
enable organisational learning. Compared to earlier tech-
nological systems, such as steam power or electricity,
ICTs are unique in that they a¡ect every function within
a ¢rm as well as every industry in the economy (Freeman
et al.1995).Even in the poorest countries, the rate of di¡u-
sion of ICTs is increasing partly as a result of the rapid
growth of international electronic networking. Against
this background, ICTs may o¡er opportunities for `catch-
ing up' by developing economies primarily as e¡ective
users of the new technologies and services.This depends
on an increase in the capacity to learn new techniques
(Cooper 1998 forthcoming). The catching-up process
requires certain technological capabilities in order to
absorb andmake the best use of the revolutionary techno-
logy.One of themost important prerequisites for building
technological capabilities is the accumulation of the skills
needed to use ICTs.

If the necessary human resource base is present in devel-
oping countries, this can give them an initial entry into
the global economy. Changing skills requirements are
altering the pattern of trade between the industrialised
and developing countries and opening up new opportu-
nities for those countries that can o¡er the necessary
expertise (see Box 3.4). It is becoming easier to locate
certain information processing services and some

Box 3.2 - Applying Japanese techniques in Africa

Many of the new industrial organisation techniques have
emerged from high-tech industries in Japan. But they can be
adapted to more straightforward industrial applications, as
demonstrated by results from a Zimbabwean ¢rm producing
agricultural carts. They made a number of changes in
factory layout, introduced just-in-time production and total
quality control, and involved the workforce in continuous
improvement activities.Theresultwas a35percent reduction
in costs, with higher quality andmore reliable delivery.

Before After
changes changes

Time taken to pass
through factory 8 days 80 minutes
öööööööööööööööööööööö
Distance travelled
by work-in-progress 3.2 km 100 metres
öööööööööööööööööööööö
Labour input per item 23 hours 13 hours
öööööööööööööööööööööö
Overall reduction in
production cost 35%

Source: Compiled fromKaplinsky (1994).

Box 3.3 - Understanding the market: Cutting lead times to meet

customer needs

An Indian producer of low-tension electrical switch gear
found that a gap in the market lay in meeting customers'
needs rapidly. By changing its internal organisation and its
links with its suppliers, it slashed its lead-time from 57 to 24
days, and substantially increased its market share.

Activity 1995 End 1996

Lead time (days)

Order processing 10 1

Manufacturing lead time 28 18

Waiting time in dispatch 7 1

Transport 12 4
ööööööööööööööööööööö
Total 57 24

Source: Humphrey, et al. (1998 forthcoming).

Box 3.4 - Global knowledge

At a conference co-hosted by the World Bank and the
Government of Canada with the governments of
Switzerland and the United States, the UN Development
Programme and other partners asked the question:`How can

developing countries, and particularly the world's poor, harness

knowledge for development, participate in the global information

economy, and gain access to the new tools for lifelong learning?'

(GlobalKnowledge1996).

`servicecomponents'ofmanufacturingproductionsuchas
inventory control in low-wage economies. As a result, a
substantial part of routine services, for instance data
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entry, is increasinglybeing re-located indeveloping coun-
tries such as India or the Philippines.More highly skilled
jobs, such as computer programming, are also being re-
located to these countries. It is not the absolute cost of
labour that attracts transnational companies to locate
their information processing work in developing coun-
tries, but the relative cheapness of the requisite skills.

The absorptive capacity based on appropriate technology
related skills needs to be measured against both the
demands of the international economyandthe local envir-
onment where a skills base for using ICTs is even more
important. Training geared predominantly to the needs
of the global economy can lead to a massive `brain drain',
as can be seen from the experiences of India, South
Africa, and the Mahgreb (Dje£at 1998 forthcoming;
Kaplan 1996). It has been claimed, for example, that the
cost of training computer programmers who have
migrated from India to the United States has, to a large
extent, counterbalanced the aid India received from the
United States in the last decade (Pundit1995).

Thedramatic shifts in skills requirements indomestic and
internationalmarketshave ledtoanadjustment lag, result-
ing inmacro-economic andmicro-level skillsmismatches
in developing countries. At the macro-economic level,
the `knowledge intensive' economy is experiencing rapid
growth in information-intensive services and manufac-
turing and the borderlines between manufacturing and
services activities are becoming blurred. For example,
inputs of information-processing services have reached
70 per cent or more of the total production cost of auto-
mobiles. In this and other manufacturing sectors `over
three-quarters of the value of a typical `̀ manufactured''
product is already contributed by service activities such
as design, sales and advertising' (The Economist 1996:
44).This clearly creates a major challenge for formal and
informal education and training systems in developing
countries.

At the micro-organisational level, the di¡usion of ICTs is
characterisedbyatransition tonewtypes ofwork organisa-
tion that are giving rise to increasing reliance on `lean
management' and to outsourcing of activities.Traditional
centralised manufacturing based on assembly line types
of mass production are shifting to decentralised produc-
tion modes based on networks of subcontractors.
Changes in management philosophy are giving opportu-
nities to the small and medium-sized enterprises that
cater to the demands of national and internationally oper-
ating companies. However, the businesses that fare well
under the new management organisational scenario are
those which acquire the necessary business, commercial,
and technological skills.

Capacity building to develop appropriate skills is a
dynamic process. As technologies change at increasingly
dramatic speeds, so do the skill requirements of people
inbusinesses and in their everyday lives.Lifelong learning

is becoming the essential prerequisite for lifelong employ-
ability and there is growing emphasis on multi-skilling
and the ability to learn new skills (OECD 1992).
Educationandtraining systems andlabourmarket institu-
tions are core elements in overcoming skills mismatches
and adjusting to the characteristics of knowledge produc-
tion. The problems of structural adjustment are even
greater for developing countries which lag far behind the
advanced industrialised economies in their £exibility to
copewith these challenges.

Women's training is a crucial aspect of skills availability in
developing countries. Access to certain cognitive skills is
becoming one of the main determinants of both produc-
tive e¤ciency anddistributive justice. It is very important
to ensure that the contribution which women can poten-
tially make to emergent knowledge-intensive economies
is fully mobilised. Therefore, the inadequacy of current
training systems to meet the educational and vocational
aspirations of women should be at the core of policy-
oriented research in order to improve existing training
for the bene¢t of women and their countries (Mitter
1993, 1995).

3.8 Alliances, partnerships, and trust

The skills base is central to building the competencies to
manage the technological innovation process.The trans-
formation of the skills base is especially visible in the
management of very large-scale projects that are involved
in constructing the national information infrastructures
in developing countries. The available skills must be
appropriate for handling complex products and systems
integration in the telecommunication, computing, and
software sectors.While the industrialised countries may
be able to outsource service sector work to some develop-
ing countries, there is evidence that this will not necessa-
rily be the case for the management and organisation of
highly complex manufactured product systems (Mitter
and Efendioglu1998 forthcoming).

The production of complex products and systems (CoPS)
includes high value products, capital goods, control
systems, networks, and civil engineering projects for
example, air tra¤c control systems, aircraft engines,
bridges, chemical plants as well as electronic commerce
systems, intelligent buildings, supercomputers, and tele-
communication switching systems andmobile radio infra-
structure (Miller et al. 1995; Hobday 1998 forthcoming).
Large production projects in these sectors focus on
systems design, engineering and integration skills. Some
of the key characteristics are shown inTable 3.4.

Advanced ICTsystems are essential to the coordination of
CoPS projects as well as to the design of innovative
products and systems. It may be that the skills required
for managing and organising the production of CoPSwill
be retained in the industrialised countries because they
are high value knowledge assets, while the skills more
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closely associated with back-o¤ce services and interna-
tional capital £ows migrate to some of the developing
countries.

Questions about thewhether developing countries should
have the capability for producing ICTs in order to use
them e¡ectively in applications such as the design of
complex products have been central to debates about the
need for capital goods production capabilities in develop-
ing countries (Cooper 1998 forthcoming). Developing
countries have answered these questions in di¡erent
ways. However, if people are to be able to take advantage
of the availability of national information infrastructures
theywillneedthe skills tomanage andoperate increasingly
complex systems.

Table 3.4 - Complex products and systems, and product
organisation

Product
characteristics

Complex component interfaces
Multi-functional
High unit cost
Product cycles last decades
Many skill/knowledge inputs
(Many) tailored components
Upstream, capital goods
Hierarchical/systemic

Production
characteristics

Project/small batch
System integration
Scale-intensive, mass production not relevant

Innovation
processes

User-producer driven
Highly flexible, craft based
Innovation and diffusion collapsed
Innovation paths agreed exante among
suppliers, users, etc.
People embodied knowledge

Competitive
strategies and
innovation
coordination

Focus on product design and development
Organic
Systems integration competencies
Management of multi-firm alliances in
temporary projects

Industrial
coordination
and evolution

Elaborate networks
Project-based multi-firm alliances
Temporary multi-firm alliances for innovation
and production
Long-term stability at integrator level

Market
characteristics

Duopolistic structure
Few large transactions
Business to business
Administered markets
Internalised/politicised
Heavily regulated/controlled
Negotiated prices
Partially contested (markets)

Source: Adapted fromHobday (1998 forthcoming)

Onemeans ofacquiring these skills is as a result of techno-
logy transfer which is increasingly regarded as desirable
to parent companies and to recipient countries.
Frequently manufacturing technology transfer involves
operational technologies, maintenance, and inspection of

technologies. Motivations for undertaking foreign direct
investment range from wanting to take advantage of
cheap labour, to business partners who invest because
subcontracting a production system is important. A
study of Japanese multinational parent companies that
have expanded their activities by investing in East Asian
countries has shown that the transfer of manufacturing
technologies seems to improve with the length of opera-
tion in the host country. However the transfer of very
sophisticated technology and skills depends to a greater
extent on the ability of localmanagement to exert pressure
on the parent company, a high share of local workers, and
the managerial status of local employees in the host
country (Urata1997).

Joint ventures and other types of alliances are potentially
important means of building appropriate skills for using
ICTs. Strategies based on competition are giving way to
strategies that explicitly incorporate cooperation.
Collaborative agreements are important sources of
competitive strength and the importance of collaborative
agreements is growing on a global scale. The promotion
of cooperation by policy-makers in developing countries
is crucial if they are to cope successfully with industrial
and technological change in a turbulent international
environment (Hillebrand1996).

Joint ventures involving multinational companies are an
increasingly common form of cooperative arrangement
in industrialising economies (Freeman and Hagedoorn
1994). Government policy-makers often encourage joint
ventures as a mechanism for transferring advanced tech-
nology and modern managerial practices to local ¢rms.
Despite their widespread occurrence, the management of
joint ventures has proved to be problematic because mul-
tiple ownership increases the scope for potential con£icts
between joint venture partners.7 In addition, joint ven-
tures may not meet parent company expectations. For
example, the performance of nearly two-thirds of joint
ventures in the developing countries examined in one
studywas considered to be unsatisfactoryby themanagers
of multinational corporations (Beamish 1984). Joint
ventures will not o¡er a particularly e¡ective mechanism
for technology transfer or a way of strengthening skills in
developing countries unless their dynamics are better
understood.

Empirical studies on the successful formation and opera-
tion of cooperative relationships highlight the crucial
importance of intangible factors such as trust (Faulkner
1995; Schaan and Beamish 1988). Trust is a key factor in
cooperative strategies (in contrast to competition) and
involves mutual obligations (Buckley and Casson 1988;
Thompson1967).An explicit focus on trust, and concepts
such as forbearance and commitment, is helpful in under-
standing the impact of di¡erent forms of business organi-
sation and behaviour (see Box 3.5). It provides a basis for
the formulationand implementationofdevelopment stra-
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tegies by national governments, companies and other
participants within and outside developing countries.

Box 3.5 -Trust and cooperative partnership strategies

Over the last decade or so, interest in trust has increased
dramatically as its crucial social and economic importance
has become more apparent (Fukuyama1995). In the context
of partnerships, trust is a mechanism for reducing uncer-
tainty and increasing the predictability of desired outcomes.
Trust can be placed in individuals (personal trust) or in insti-
tutions (impersonal trust) and each of these consists of
promissory, goodwill, and competence components
(Granovetter1985; Shapiro1987).
Promissorybasedtrust is thedegree ofcon¢dencewithwhich
a party can be relied upon to carry out a verbal or written
promise (Rotter 1967). Goodwill based trust is the degree of
con¢dence that a party can be relied upon to engage in
actions which bene¢t the other party or refrain from actions
which would disadvantage or damage the interests of the
other party. This component of trust is related to the
concept of forbearance, the situation where one party to a
transaction will accept a time lag between ful¢lling another
partner's expectations and having their own expectations
ful¢lled in return. An essential aspect of trust is being open
to the risk of parties reneging on a deal. Competence based
trust is the degree of con¢dence with which a party can be
relied upon to have the knowledge, skills, or expertise they
claim or are believed to have (Sako1992).
Personalandimpersonaltrust are likelytodevelop indi¡erent
ways.Personal trust emerges innetworks inwhich individuals
engage in complex bartering of favours to build up mutual
obligations. Processes of personal trust require intensive
social interaction starting with minor exchanges whereby
actors test each other before moving to bigger transactions
(Blau 1964; Butler 1983; Shapiro 1987). Impersonal trust
develops in institutions involving well de¢ned rules and is
thus closely related to the processes of decision-making.

Trust can be examined as a central mediating variable
between the context of the joint venture arrangement (the
interdependence between the parties, competition and
ambiguity) and the outcome or performance. The results
of case studies of joint ventures in the United Kingdom
and Malaysia in sectors including automobile compo-
nents, textiles, and natural resource consultancy between
private and public sector organisations, show that trust is
extremely important (Butler and Gill 1996, 1997; Gill
andButler1996).

] Partnerchoice andthe success (or failure)ofpartnerships
are crucially a¡ected by trust between the parties and
contextual factors.Key contextual factors are the percep-
tion of mutual bene¢ts between the organisations and
whether competition is endogenous or exogenous in
the cooperative arrangement.

] Symbols of trust and the interpretation of trustworthy

behaviour are a¡ectedby the culture of the organisations
in the partnership.There are variations within ¢rms of
the same nationality arising from di¡erent historical
experiences or developments.Ownership type is impor-
tant since organisations from the public sector or
NGOs have di¡erent cultures from those in the private
sector.

] Personal relationships are at the core of trust between
organisations. Although instability in joint ventures
arises from changes in personnel and the environment,
the joint venture form is better suited to the transfer of
the tacit component of knowledge (Teece1981;Millar et
al.1996).

In theICTsector the outsourcingof softwaredevelopment
has led to countries like India and China generating soft-
ware code for ¢rms in industrialised countries, in some
cases, through joint ventures.Trust is important because
customers in industrialised countries require credible
suppliers.Mechanisms for enhancing trust are needed so
that policies aimed at building this kind of tele-trade are
successful.

In general, industrialisation strategies have focused on the
macro-level aspects of technology transfer where the
crucial choices are the transfer mechanisms (for example,
licensing, joint venture, technical assistance), rather than
on the inter-organisational dynamics and trust. Analysis
of the latter micro-level issues is needed to understand
the processes underlying the (un)successful transfer of
knowledge, skill and ICT applications between organi-
sations.

ICTs increase the technology-intensity of manufacturing
and services because information-processing becomes
more central to their production and use. Expenditure on
technology for services is growing rapidly in the industria-
lised countries and a greater proportion of investment is
being directed towards equipment rather than ¢xed plant
and other physical assets (Miles et al. 1990; OECD
1993b). Services are users of ICTs and some are highly
innovative in their use of new ICTsystem con¢gurations
and applications while others play a substantial role in
helping to di¡use ICTs via marketing, training, and
consultancy (Miles1996).

Thefeatures of thenewelectronic services are a¡ectingthe
organisation of the innovation process in the manufactur-
ing and service sectors. Services present additional chal-
lenges for developing countries because the innovation
process in services di¡ers rather substantially from that
in the manufacturing sectors and natural resource indus-
tries. The relationships between service suppliers and
clients and the modes of service delivery are very impor-
tant in the production and use of services. Innovation in
services involves a learning process where ¢rms use ICTs
for more than the support of routine information proces-
sing applications. ICT-based services, such as advanced
management information systems, become strategic
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assets that underpin other activities in the manufacturing
process and in public and commercial service delivery.
The recombination of these knowledge assets with intan-
gible, tacit knowledge helps ¢rms to compete in global
markets.

Table 3.5 shows that the institutional environment in the
public and private sectors, the skills base, the availability
of ¢nancing, and the technological capabilities in the
local environment, together with the rate of innovation
in ICTs, are contributing factors to the success or failure
of the adoption of ICT-based services.

The evidence on the factors contributing to the success or
failure of the adoption of ICTs and services by ¢rms in
developing countries is very limited. However, case
studies of successful and unsuccessful applications
suggestthat: large¢rmsoftenactasdrivers in the introduc-
tion of ICTs; ¢nancial service ¢rms are the prominent
early adopters; competition in telecommunication
service supplyhas a positive in£uence on the rate of di¡u-
sion of ICTs; amodern telecommunication infrastructure
is important for the successful introduction of ICT-
based services; network externalities are important for
the rate of expansion of the use of ICTs; product cham-
pions have a decisive impact on speeding the introduction
of ICTs in ¢rms; and innovative ¢rms or individuals are
important in the di¡usion of new technologies (Miles
1996).

Systematic evidence onhow these factors interactwith the
social and economic conditions in developing countries,
and especially the least developed countries, is needed if
these countries are to develop e¡ective strategies for
improving their use of ICTs in all sectors of the economy.
The following section provides a case study of the factors
in£uencing the management of technological innovation
in the ICT sector in China. This case study illustrates

howthis countryhasdevelopedstrategies tobuild capabil-
ities for using ICTs to strengthen the economy.

3.9 Managing technological innovations in
China

Theproductionanduse ofICTs inChina are characterised
by rapid increases in thevolume and range of both domes-
tic and imported ICT products. This rapid increase on
the supply side has been triggered by fast-expanding
domestic demand from industrial and private users.
Table 3.6 shows that the increase in the quantity of ICT
products consumed over the past 15 years has been
phenomenal.

Table 3.6 - Consumption of ICT products in China, 1980 -
1995 (in `000s)

Consumption 1980 1986 1990 1993 1995

Total no. of computers 2.0 190 1,014 1,600

- ofwhich domestically
produced

93 800

Communications:

No. of office program-
controlled exchange lines

13,000 35,670 70,000

No. of mobile phones 18 421 3,500

No. of pagers 25,000

No. of telephones 54,000

Internet (no. of users) 6 50

Source: Data compiled from various issues of Computer World (1997) and China
Computer Daily (1997) (Chinese).

Rapidly increasing demand for high-technology products
inadevelopingcountrylikeChinahas substantial implica-
tions for the management of the innovation process. For

Table 3.5 - Factors in ICTadoption success and failure

Core factors Symptoms Consequences

Institutional weaknesses Insufficient planning Inadequately designed systems

Unclear objectives Cost over-runs

Human resources Shortage of qualified personnel Insufficient support

Lack of professional training Isolation from sources of technology

Funding arrangements Underestimated project costs Unfinished projects

Lack of recurring expenditure Higher costs for software development and repairs

Local environment Lack of vendor representation Lack of professional to solve technical problems

Lack of back-up equipment and spares Implementation problems and delays

Technology and
information changes

Limited hardware and software availability Incompatible hardware-software

Inappropriate software Over-reliance on customised applications

Source: Adapted fromMiles (1996).
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example, escalatingdemand is raising questions about the
evolutionary path of growth, the means of technology
acquisition and the di¡usion processes within Chinese
organisations.

The western literature on China has been concerned
primarily with issues such as the process of industrialisa-
tion in developingcountries (Baark1986),how to do busi-
ness with China (Adler et al. 1992), and cross-cultural
issues involved in international technology transfer
(Minkes 1995; Tsang 1995). Despite their contributions
to a better general understanding of China-related issues,
there is a very great need for interdisciplinary analyses
that grasp the extremely diverse nature of China's
economic, technological, industrial, and market develop-
ment. Concepts such as sectoral or regional systems of
innovation are useful. However, the application of these
concepts needs to re£ect the diversity and radical nature
of China's economic and technological development.The
concepts must be adapted to re£ect the di¡erent experi-
ences of China as compared to countries like the
Republic ofKorea orTaiwan (Pr. China).

3.9.1 The evolutionary path of rapid growth
in China

Several growth models have been used to explain the
evolution of ICTs in the western industrialised countries
including the `three-era model' where ICT applications
evolve from data-processing in the 1960s, to information
systems in the1970s, and to strategic information systems
in the 1990s (Ward et al. 1990). In the `three phase
model', the hardware constraints of the1960s are followed
by software constraints in the1980s, and user relationship
constraints in the1990s (Friedman1990).

InChina, the development of ICTs di¡ers from the evolu-
tionary paths suggested by these two models. Although
China made its ¢rst computer in 1958, only a few years
later than the western industrialised countries, the
production and use of computers were restricted to
research in the ¢eld ofmilitary technologies.The produc-
tion of the ¢rst computers drew upon China's large
resource endowment in basic science.The ¢rst civil ICT
applications were for word-processing and technical
calculation and they were used in national administrative
departments and in a large vehicle manufacturers.

In the 1980s China began to pursue a new ICT policy -
`Import, Digest, Develop, and Create'. ICTs were identi-
¢ed as a key high-technology in China's `863' plan. In
1993, the State Council set up an organisation called the
Joint Meeting of National Economy Informatization to
promote further development and use of ICTs.

W|th the opening of the country's economy and its rapid
growth, the orientation of scienti¢c and technological
development has shifted dramatically from `defence-
push' to `market-pull'.The disadvantages of the old strat-
egywith its exclusive emphasis on basic science and mili-

tary technologies have become obvious. These include
the absence of technologies that can be applied as a result
of the slow speed of early technology development, low
cost e¡ectiveness, andweak understanding of the market.
The result has been a heavy reliance on imported goods
and technologies, poor quality domestic products, and
low success rates in e¡orts to bring superior technologies
to the market. For instance, of total PC sales of1,600,000
units in 1996, and only 50 per cent were produced by
domestic companies, such as Great Wall and Legend.
Most of these were sold to home users who are much less
quality-conscious than industrial users.

A distinctive feature of the evolution of China's ICT
capabilities since economic reform in the 1980s is the
overlap of the phases of the growth models developed in
industrialised countries. For instance, although Chinese
organisations have yet to master the use of information
management systems, the Internet has entered the
market and use of it is increasing.

3.9.2 Technology acquisition by Chinese
businesses

The development paths of China's technologies, such as
ICTs, are heavily conditionedbypast historical and politi-
cal situations. For more than 40 years, the strategy of the
Chinese government in technology developmentwas one
of technological self-reliance rather than imitative learn-
ing, as in the case of countries and territories like the
Republic of Korea and Taiwan (Pr. China), or techno-
logical dependence, as in the case of Hong Kong and
Singapore (Kim and Ro 1995). Technology self-reliance
depended heavily on indigenous development as the
typical acquisition mode for new technology with a
strong focus on the accumulation of in-house technical
capability. Consequently, China is behind other East
Asian countries inmost ¢elds ofcommercialgoodsmanu-
facturing and application technologies, although it has
substantial technological capability in military satellite
andmicrowave transmission systems (He1997).

China has been one of the largest importers of technology
in the world since the1980s. Among the various channels
forabsorbingforeign technology,theChinese government
has a strong preference for joint ventures (Tsang 1995).
During the initial years of economic reform,China main-
tained tight control over inward foreign investment.
Laws governing wholly foreign-owned enterprises were
promulgated only in 1986, eight years after the start of
reform. At that time, the Chinese government already
had abundant experience in handling foreign investment
and so was more con¢dent about its ability to direct
foreign-owned subsidiaries. Other means of technology
transfer, such as turnkey projects, licensing, etc., have
beenplayeddown.First, importinga complete production
unit is very costly and often includes components that
can be purchased domestically at lower cost. Second,
these approaches did not yield the know-how expected by
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the Chinese and failed to spread the technology.There is
substantial evidence to show that licensing in isolation is
e¤cient for transferring only older, codi¢able knowledge
(Hennart 1988, 1989). As China's purpose in importing
technology has been to develop its export capability and
to compete in international markets, interest has focused
more on complex technology at the cutting edge than on
older generations of technology.When knowledge is tacit,
close interactionbetween the transferor and the transferee
is required and, as a result, licensing alone is insu¤cient.

Jointventures have been the primarymeans of technology
transfer in China for four reasons: the Chinese partner
has a say in the management of a joint venture; the
commitment of the foreign investor to make the project a
success is secured;the transferofsophisticated technology
requires close interaction; and the transfer of much-
neededmanagerial know-how is included.

There has been a rapid increase in the number of joint
ventures since the start of the reform. For example, in
1996 a Mitsubishi-Stone joint venture was initiated in
Beijing with total investment ofUS$ 2 billion and a capa-
city of 20,000 8-inch chips per month. Another joint
venture company, Saiyifa, was set up in Shenzhen with a
total investment ofUS$ 7.7million.However, the techno-
logical element of these joint ventures is low since most
of the equipment needed for the production of integrated
circuits andchips,etc., is imported,andthemain activities
of these joint ventures are concernedwith the ¢nal stages
of production.

There are two categories of joint venture, Original
Equipment Manufacturers (OEM) and production of
goods predominantly for domestic consumption
(Hobday 1995).The extent to which Chinese partners in
joint ventures in each of these categories can build up
their own technological and managerial capabilities
through cumulative learning is an important issue for
China.

3.9.3 The diffusion of ICTs within Chinese
organisations

Although the Government has been trying hard to push
Chinese organisations to use ICTs, the results have not
been promising. Three factors need to be considered to
understand this: culture, technical skills, and themanage-
ment structure in Chinese organisations. First, there is a
potential contradiction between the implementation of
ICTs and the organisational culture in China. The
`power-distance dimension'describes the extent to which
a country accepts the fact that power is distributed
unequally (Hofstede 1980). Chinese organisations are
modelled on the family and are operated under a highly
unequal distribution of power. The application of ICTs
has two kinds of impacts.The installation of information
systems increases the degree of transparency and inform-
ation sharing across the organisation; and the use of

computers tends to marginalise older, more senior people
in the organisation (Zhao and Grimshaw 1991). This
helps to explain the reluctance of someChinese managers
to introduce computers and information systems.

The second factor is concernedwith the lackof technically
skilled workers.The labour market in China has two tiers
with an over-supply of unskilled workers and a corres-
ponding shortage of professionals and managers (Tsang
1995). The huge population accounts for the excess of
unskilled workers while two main factors are responsible
for the shortage of professionals and managers: higher
education cannot keep pace with the country's rapid
economic development; and the destruction of education
which was brought about by the Cultural Revolution
(1966-76). During those ten years, intellectuals were sent
to farms to undertake manual labour and the universities
were closed down.This shortage of technical personnel is
detrimental to technology transfer and di¡usion.
Organisations often purchase the latest computers and
information systems as their ¢rst ICT investment
because of a strong desire to catch up. However, neither
the skills nor the organisational structures are adequate
tohandle thenewtechnology.Onthe otherhand, technical
personnel in China are renowned for their quality. A
survey of joint ventures located in Shanghai found that
Chinese engineers and technicians were praised by both
Japanese and US managers as hard-working and creative
(Stavis and Gang 1988). Also, salaries are much lower
than for their counterparts in the industrialised and
newly industrialising countries, and this is regarded as an
advantage for establishing high-technology industries
such as ICTs.

The third factor concerns the organisational structures
and the lack of managerial skills. Under the previous,
centrally-planned economic system, a Chinese enterprise
was a production unit inside the vast planning system.
Each year, it was assigned a production output quota, and
all its products were sold to the state at a predetermined
price. Any pro¢t was handed over to the state and any
loss incurred was automatically absorbed by the state.
Investment decisions could not be made independently,
and the enterprise had little say in personnel matters,
including salary scales, recruitment, dismissal, etc. Such
modern management skills as marketing, corporate plan-
ning, ¢nance, and human resource management were
alien to Chinese managers until the mid-1980s, when
more authority and responsibility were given to them
under the `manager responsibility system'. Since then,
Chinese managers have been undergoing a period of
adjustment and re-training. However, this is a slow and
painful process, and the lack of competent and quali¢ed
managers in Chinese organisations remains one of the
biggest obstacles to promoting and enabling the di¡usion
of ICTs at ¢rm level. As a result, ICT applications are
generally restricted to data-processing, calculation,
accounting, etc., despite some successes in other areas

61

3 The learning process



such as the application of computer-integrated-manufac-
turing systems (CIMs) (Wu1995).

3.9.4 Building capabilities in China

The demand for ICTs in consumer and industrial markets
has expanded rapidly inChinabuttheproduction capabil-
ities of domestic producers are being marginalised by
foreign producers and as a result of joint ventures. The
volume of production is considerable but this is mainly
for home use and is of relatively lowquality.Many domes-
tic producers are spin-o¡s from research institutes,
originally with the aim of commercialising their research
results. So far their performance has been limited by lack
of experience in market environments.

In the longer term,domestic producerswill continue their
struggle to upgrade the quality of their products, to intro-
duce new models, and compete head-on with foreign
producers and joint ventures in both domestic and global
markets. The likelihood of success depends on their
ability to transform basic technologies into commercial
products, to form strategic alliances with other East
Asian countries, such as the Republic of Korea, to obtain
application technologies, and to master modern manage-
ment techniques through a process of learning-by-doing.
In themeantime, themajorityof the current jointventures
are for OEM production.They remain the primary focus
for technology transfer and have assisted Chinese organi-
sations in the acquisition ofmanagerial skills.

The use of ICTs inChinese organisations is characterised
by a mismatch between the highly advanced technologies
that are often adopted and the low level of managerial and
technical skills within the organisations. Di¡usion of
ICTs has been limited to a relatively narrow range of
sectors and functions, and the development of ICT
systems in China is extremely uneven throughout indus-
trial sectors and regions.Most of the organisations which
have intensive investments in ICTs are in the aeronautics,
telecommunication, chemicals, and manufacturing
sectors.TheICTintensity ismuchlower in the agriculture,
transportation and health-care sectors. There is also a
considerable gap in ICT intensity between big cities like
Beijing, Shanghai, and Guangzhou and small towns and
villages, and between the developed Southeast regions
and under-developed Northwest regions. The problem
of how to reduce these gaps remains a big challenge for
the country.

This challenge is being taken up by the State Science and
TechnologyCommissionbytheirappointmentofan inter-
national team to undertake a comprehensive review of
China's experience over the last decade in the reform of
its science and technology system. The team concluded
that `there is not an explicit policy in China for interna-
tional collaboration in science and technology that fully
embraces the implications of today's realities in techno-
logicaldevelopment' (Oldham1997: 6)and recommended

that more emphasis be placed on international collabora-
tion in science and technology in order for China to learn
about other international experiences.

3.10 Conclusion -Technology choices,
selection, and capability building

Thescienti¢candtechnological innovationprocess always
brings challenges for policy-makers. Decisions must be
made about whether or not new technologies should be
adopted.The future of `legacy' technologies when a new
ICT good or service emerges needs to be considered and
the appropriate balance between the old and the new
options is subtle.There are often limitations on the ¢nan-
cial and knowledge resources available, that help in
making these choices. A decision to adopt a particular
technology can limit the `degrees of freedom'of decision-
makers and users in the future.

Theway inwhichBrazil chose to adopt earth station tech-
nology for its satellite communication system in the
1960s illustrates the complexity of the technological
assessment process that is needed to choose between
competing ICTs and to ensure that management and
otherskills arebuiltup inorder touse thenewsystem e¡ec-
tively (FerreiraSilva1996). In the case ofBrazilian satellite
technology, the existing technical options were the
continued provision of international telecommunication
services using high frequency (HF) radio or submarine
cables. Both these technologies had limitations.
Telecommunication circuits were limited in quantity and
the quality of transmissionwas relatively poor.New satel-
lite communication technologies appeared to provide a
solution to many of the technical constraints.

The process of decision-making leading to investment in
satellite communication technology involved the recog-
nition by policy-makers that the selection of a new tech-
nical system should be based upon a comparison of the
technical features of available alternatives, and that it
needed to take account of constraints on decisions origi-
nating in the domestic and international environment. In
the1960s there was a shortage of ¢nancial resources, very
limited technical knowledge, and an almost complete
absence of technological and institutional organisational
capabilities relevant to the development of satellite
communication systems. A detailed assessment of the
technical and economic features of competing systems,
the political issues, and the required competency base,
led to the successful adoption and development of a satel-
lite communication system in Brazil.

This Brazilian case illustrates the importance of techno-
economic factors relating to the scale of investment, the
level of pro¢tability, the learning processes, the market
competition expected, the speed of technical innovation,
andtheproductivitygains.Political factorswere important
including the willingness of countries leading in the
production of the new technology to share technological
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knowledgewithadevelopingcountry.Itwas alsonecessary
to participate in, and comply with, an emerging inter-
national regulatory regimewhichwas a¡ecting the design
of satellite systems and the technology transfer schemes
available to Brazilian ¢rms. The technology selection
process involved a high degree of uncertainty and unpre-
dictability, but the technology assessment process gave
rise to opportunities for learning-by-using and learning-
by-doing.

Developing countries need to acquire capabilities for a
wide range of technology assessment practices in order to
encourage e¡ective technological learning by ¢rms. As
the global economy is transformed and the locus of
power and the capabilities for action are re-distributed,
there is aneedforassociatedchanges inmanagementprac-
tices, new forms of organisational learning, and to
develop e¡ectivepartnerships thatcan leadtothe accumu-
lation of both technological and social capabilities.

The generic policy remedies that are available to develop-
ing countries to improve the links between technological
innovation and development priorities include incentives
introduced through macro-economic policy measures,
increased role of competition in domestic markets, and
measures to foster the competitiveness of domestic ¢rms
in foreign markets. Policies addressed to the skills base in
management, technical, production engineering, design
and development, scienti¢c research, and organisational
and marketing ¢elds are also important. Policies which
generate ¢nancial resources and focus directlyon building
technological capabilities can be combined with those
which focus speci¢cally on building up information on
the range of technological options.Access to collaborating
researcherswho areproducingnewknowledge, standards,
metrics and testing advances, support for basic research,
andaccess to external sources oftechnologyare important,
but access to knowledge(with orwithoutICTs) is not su¤-
cient. The remedies for weaknesses in these areas put a
high premium on clearly identifying learning opportu-
nities, strengthening knowledge in key areas, and selec-
tively supporting priority sectors (Lall1995;Reddy1996).

Although production capabilities are important for creat-
ing technological capabilities, they are not the only
pathway to e¡ective use of ICT hardware. It also is not yet
clear whether developing countries need to be able to
produce software in order to use it e¡ectively. It does
appear that developing countries need to be able to
provide ICTapplication support services and this implies
the need to ensure that the population has a range of
skills that are in some cases very similar to those needed
for the development of software (Cooper 1998 forthcom-
ing). Informal learning processes in ¢rms will remain
vitally important as this chapter has shown. Chapter 4
turns to the institutions of formal education and their
use of ICTs to enable new forms of learning.

Notes

1 Forexample, adecision toestablishanewdegreeprogramme

in one developing country might involve four partners; one

providing the bulk of the teaching; a second providing

experimental sites for thesis work; a third (in the industria-

lised world) assisting with course design, providing some

teaching, and accrediting the whole programme; and a

fourth providing pump-priming funds.

2 See Lundvall and Johnson (1994); Lundvall (1996a,

1996b); Foray and Lundvall (1996) and similar perspec-

tives such asDrucker (1993).

3 The concept of tacit knowledge was developed by Michael

Polanyi in the late 1950s and early 1960s, see Polanyi

(1966). Forareviewofrecentdiscussionsontacit(heuristic,

subjective, internalised) knowledge as compared to know-

ledge that can be transmitted using a formal, systematic

language (codi¢ed knowledge), see Senker (1995). Note

that there is debate about the distinctions between the two

types of knowledge.

4 The problems experienced by IBM, whom one might have

expected to master the use of advanced business information

systems, illustrate the point.

5 The`kanban'control systemreferstojust-in-timeproduction

systems and organisational techniques developed by

Japanese companies which originally were making very

little use of ICTs. Such systems ensure thatwork in progress

is pulled rather than pushed through the plant.

6 `Endogenisation'refers to the process of creatingand embed-

ding local capacitieswithindomestic¢rms through processes

of continuous improvementand learning.

7 Killing(1983)recommends forming jointventures inwhich

one partner has dominant equity control, but the under-

standing of joint ventures is incomplete (Parkhe1993).
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