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L Introduction

Since WWII we have witnessed three major revolutions, First, the
political revolution has given self-government to nearly a third of the
world’s population and has brought with it a “revolution of rising
expectations.” Second, the revolution in communication and trans-
portation has broken down the barrier of language and distance, and
the dynamism -of ideas can no longer be contained within the lmits
dictated by social privilege or political considerations, Third, the
technological revolution has left men’s footprints on the moon for the
first time in the entire history of mankind and has opened a new era
where everything seems possible,

People of the developing countries {DCs) are becoming aware
of the existence of the afluent world and are no longer satisfied with
a life of mere survival, They want a higher standard of living and
opportunity to develop their full potential, The demands of the people
of the DCs are legitimate and cannot be overlooked. In this age of
instant happenings, people are becoming increasingly impatient, They
are no longer content with the gradual process of industrial develop-
ment achieved by advanced countries (ACs) since the Industrial
Revolution,

In spite of great anxiety on the part of the DCs to achieve rapid
economic development the results so far have been disappointing for
many DCs. No contemporary problem of our time is more urgent and
important than the misery and poverty of two-thirds of the world -
population. The polarization of rich and poor is politically dangerous
for world peace, socially undesirable, and morally intolerable.

The purpose of this article is, then, to emphasize the crucial role
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played by technology in economic development by reviewing empirical
studies and to suggest means by which technology can be effectively
transmitted to DCs in order to close the gap between ACs and DCs.

II. Technology Defined

. “Technology” is a generic term that tends to invite misunder-
standing, It is misleading, therefore, to assume that everyone uses the
term in the same context. A working definition of technology is clearly
needed. '

In its broadest meaning, technology connotes a wide range of the
practical knowledge and skills evolving from hunting, fishing, agri-
culture, mining through manufacturing to means of communication,
medicine, military; and space. In this sense, technology can be con-
ceived of as the body of “skills, knowledge, and procedures for making,
using and doing useful things™ In a narrow sense, technology
has been defined as “the body of knowledge that is applicable to the
produiction of goods and the creation of new goods.™

We are concerned here primarily with modern industrial techno-
logy in the context of its role in economic development. Technology
stresses practical purpose. It refers not only to the state of technical
knowledge, but also to its application to practical purpose in a
particular field. For our purpose, therefore, technology is defined as
to encompass not only technical knowledge and skills concerning the
production of goods and the creation of new goods, but also manage-
rial knowledge and skills involved in planning, organizing, staffing,
controlling, and carrying out production and marketing of the goods
produced. The inclusion of managerial knowledge and skills in our-
definition of technology is somewhat broader than the general usage
of the term. It is important to understand at the outset, therefore, what
is meant by technalogy in our discussion to avoid any confusion and
misunderstanding,

Technology does not grow in an autonomous fashion, unaffected
by external forces. Technology is the result of conscious effort devoted
to technological change, strongly influenced by economic demand and
profitability. The process of technological change consists of three
distinct phases: invention, innovation, and diffusion. The first step in
the process of technological change is invention. Invention is the
creation of new products which have never been made before or new
methods which have never been used before. At this stage only the
technical feasibility of such products or methods has been demonstrated
through small-scale testing which may become workable full-scale

1  Memil (1968, p. 576).
2 Root (1968, p. 17).
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plans through further development,

Innovation is the next step, which is the actual implementation of
the new process and the production of the new pro£1cts. Invention
per se, important as it is, does not play a significant role in the process
of technological change unless it is followed by innovation which
transforms the possibility into reality, After invention has been put
into full-seale Ppractical use, diffusion of innovations will further spread
technological change.

Diffusion is thus basically imitative and involves the gradual
replacement of old methods by the new. One example will suffice to
illustrate the three phases of technological change. The most frequently
used oxygen steel process is the L-D ( Linz-Donawitz) process. Tts first
successful test took place at Linz, Austria in Jure, 1949 (invention
phase) followed by pilot-plan development at Linz and Donawitz.
The Linz plant went into production in November, 1952 and the
Donawitz plant in May, 1953 (innovation phase). The L-D process
was adopted in Canada and the United States in 1954 (diffusion
phase) 3

The distinction between innovation and diffusion is not always
clear. For example, should we consider an entrepreneur who borrows
a new method from foreign countries and frst introduces it in the
domestic economy an innovator or g special kind of imitator? Rarely
Is an innovation diffused in unmodified form between countries that
differ in productive resources, demand, levels of technical know-how,
and institutional pattems. According to Scoville, the process of trans-
planting new methods from one country to another without drastic
modification of the principles involved or their application should be
regarded as diffusion if both economies have the same culture, other-
wise the initial borrowing should be viewed as an innovation and only
subsequent imitations considered as instances of diffusion 4 Thus, the
adoptation of the oxygen steel process by Indian steel producers would
be innovation rather than diffusion.

HI.  Technology and the Rate of Economic Growth

The rate of economic growth is determined by many comple-
mentary factors snch as capital, labor, natural resources, and techno-
logy. Deficiencies in one or several factors might cause the rate of
economic growth to slow down unless the limitation is overcome.

3. See Malada and Knight (1967, pp. 531-558). Despite the economic advantages
of the oxygen steel process, its adoption by major steel producers of the world made a very
slow start. See Ray (1969, Table 47, p. 81).

4 Scoville (1951, pp. 347-348).
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The relationship between the various inputs of productive re-
'sources and output is expressed in the classic concept of a produc-
tion function. In-its most general form, the production function can
be. written using Meade's notation® as:

Y=F (K, L, N, t)
where Y=net output,
K=the existing stock of capital goods,
IL.=the amount of labor,
N=the amount of natural resources, and
t = time whose passage reflects technological progress.

If we consider machines, plant, and other capital goods together
with natural resources as the result of investment, and labor as the
result of investment in “human capital,” the production function can
be written simply as Y=F (X, t) where changes in K represent capital
formation and changes in t, technological change. Thus, we have
only two important determinants of economic growth, namely, capital

.formation and technological change. To what extent, does each factor
contribute to the rate of economic growth?

Until the middle 1950's, capital formation was considered as the
major factor responsible for the rate of economic growth by almost
all economists. Other unquantifiable inputs — educaiton, training, man-
agerial and technical know-how, etc, — were either ignored or they
were conveniently taken into the familiar assumption of “ceteris pari-
bus” or “other things being equal” Thus, changes in “other things”
were regarded as “exogenous,” and their influence was eliminated from
the theoretical growth models.

The omission of discussion of technological change, however,
should not be taken as implying a subsidiary role for such changes.
The omission is to some extent, “a reflection of the paucity of our
understanding and practical knowledge™ concerning technological
change. Schumpeter was one of the first economists who emphasized
factors other than capital as being more important. He wrote:

The slow and continuous increase in time of the national
supply of productive means and savings is cbviously an impor-
tant factor in explaining the course of economic history through
the centuries, but it is completely overshadowed by the fact
that development consists primarily in employing existing re-
sources in a different way, in doing new things with them, ir-
respective of whether those resources increase or not.”

5  For a detailed treatment of the production function, see Meade (1962, pp. 829).
8 Eckaus (1966, p. 101).
7  Schumpeter {1934, p. 68).
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Only recently has attention turned to the decisive role that tech-
nology plays not as an incident to capital but as an independent factor
in economic development. Severa] empirical studies have been made
to attribute quantitatively the increase in productivity, ie., output per
-man-hour, in the United States of capital formation and technological
change,

Based on data during the eighty-year period from 1869-73 to
1949-53 in the United States, Fabricant observes: “If national income
per capita has been multipled over fourfold during the past eight dec-
ades and total input per capita has risen by less than a fifth, it fol-
lows that the major source of our economic advance has been a vastly
improved efficiency.” ' ‘

Abramovitz came to a similar conclusion in a statistical analysis
of the same period, Net national product in the decade 1944-53 stood
about thirteen times as high as it was in 1869-78. This increase im-
plies an average rate of growth of 3.5 percent per annum. Popula-
tion, however, more than tripled in the same period. Net product per
capita, therefore, approximately quadrupled, implying an average
rate of growth of 1.9 percent per annum. The quadrupling of net
national product per capita resulted in part from an increase in capital
formation and in part from a rise in the productivity. However, the
relative contributions of these two factors were very different. Abra-
movitz concludes:

The source of the great increase in net product per head
was not mainly an increase i labor input per head, not even an
increase in capital per head as these elements are conventionally
conceived and measured. Its source must he sought principally
in the complex of little understood forces which caused pro-
ductivity, that is, output per unit of utlilized resources, to rise.?

What cause the productivity to rise? Over the forty-year period
between 1909 and 1949, productivity in the United States doubled.
Solow’s study attributed 5715 percent of the inerease to technological
change and the remaining 1214 percent to increased use of capital, !0
In a later article Solow maintains that “capital formation is not the
‘only source of growth in productivity, Investment is at best a ne-
cessary condition for growth, surely not a sufficient condition.”

Massell examined the annual increases in output per man-hour
of labor in the manufacturing sector of the United States economy
between 1919 and 1955. His calculation indicates that up to 90 per-

8 Fabricant {1934, p. 8),
9 Abramovitz (1956, p. 6).
10 Solow (1957, p. 320).
11 Solow (1962, p. 86).
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cenit of the increase in productivity during this period was due to
technological change. Massell concludes by observing:

The present paper offers evidence to support the view that
technological change is of overriding importance in bringing
about increased labor productivity over time and that there is
a need for economists to shift emphasis from the theory of capital
to the theory of technical progress, as an explanation of the
growth in aggregate output.’®

The relative contribution of technologicai change can be sum-
marized by the table below.

Table 1
Attribution of Productivity Increase, United States

{ percent)

_ _ Share Attributed to
" ‘Author and Scope of Study Technical Change

Abramovitz: NNP per capita,
1869-78 10 I1944-33 ... iiiiii it tiaaaaniaann 80-95

Solow, with correction by Hogan of an arithmetic error,
and definition of lower limit by Levine:
Private nonagricultural output man-hour,

1909-49 ........ g e iaisaaenaraaaaes 81-90
Massell: Manufacturing output per man-hour,

apparently 1919-55 ... ... i 67-90

. Massell: Same, by different method .......... ... o0l s 87

Source: Hagen (1968, Table 8-2, p. 182).

Estimates of national products over long period are inevitably
biased by statistical errors and uncertainties of conception. Different
methods produce different estimates. Thus, they must be treated with
a great deal of reserve. Even when all due allowance for possible
errors in arriving at specific figures has been made, however, it is
clear that the relative contribution of capital formation to the rate of
economic growth is completely overpowered by that of technological

12 Maseell {1960, p. 188). Massell produced later, based on the same data but by
different method, 87 percent as the relative contribution of technological change to the in-
crease in productivity. See Massell (1962, pp. 336-332).
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change. In a recent and more exhaustive study on determinants of
cconomic growth based on national income data for the period 1950-
1962 in nine Western countries, Denison has presented -somewhai
different estimates summarized in Table 2, :

Table 2
Percentage Distributions of Growth Rates of Adjusted National Income and
National Income Per Person Employed among the Sources of

Growth, 1950-69

{percent)

National Income per

Total National Income Person Employed
Sources .
~of . Total  Output/ Adjusted  Total  Outputy Adjusted
- Growth Factor Unitof  National Factor  Unitof  National
" Country Input Input Income Input Input Income
Us. 58 42 100 36 62 100
Nwa ' _
Europe 36 64 100 20 80 100
Italy 28 72 100 20 80 100

Sources: Compiled from Denison (1967, Tables 21-2, 21-4, and 21-20, p.
299, p. 301, p. 317).

aBelgium, Denmark, France, Germany, Netherlands, Norway, and
United Kingdom,

As indicated in Table 2, sources of growth consist of total factor
nput and output per unit of input, In Denison’s original tables, total
factor input includes capital, labor, and land. Capital is divided into
dwellings, international assets, inventories, nonresidential structures
and equipment. Labor is subclassified into employment, hours of
“work, age-sex composition, and education. Output per umit of input
includes advances of knowledge, changes in the lag in the application
of knowledge, general eficiency, errors and omissions, improved allo-
cation of resources, economies of seale, ete.

The percentage distributions indicate that over the 1950-62 period
in the United States, the increase in total factor imput contributed 58
percent of the 3.36 percent (not shown in the table) adjusted growth
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rate of total national income with the remaining contributed by the
increase in output per unit of input. Contributions to the 2.19 per
cent (not shown in the table) adjusted growth rate of national income
per person employed in 1950-62 show different results, since employ-
ment disappears from the accounting and the contributions of other
inputs depend upon changes in their quantities relative to the change
in employment. The increase in total factor input per person employed
contributed 36 percent, and the increase in output per unit of input,
62 percent,

In case of European countries, the increase in output per unit of
input contributed more than the increase in total factor input, 64 per-
cent in Northwest Europe and 72 percent in Italy of the adjusted
growth rate of total national income. The increase in total factor input
contributed only 20 percent to the adjusted growth rate of national
income per person employed in 1650-62 in Europe with 80 percent
contributed by the increase in productivity.

It is difficult to single out any one factor as the most important
cause of the rate of economic growth. It is hardly surprising to find,
however, that in Denison’s exhaustive study with 23 different sources
of economic growth, advances of knowledge, one of the major con-
tributing factors to the increase in productivity, stood always top in
the number of appearances of the five largest sources of economic
growth in nine countries he studied®® The Nationsl Commission on
Technology, Automation, and Economic Progress presents in its report
an overwhelming evidence that “technology stimulates the rate and
volume of economic growth, and that the infusion of new technology
can speed the rate of economic growth.™*

IV. Technology and the Developing Countries

The conclusion that technology is a major limiting factor in
economic development is hardly challengeable in ACs for which there
is ample empirical evidence. But does this conclusion hold for DCs
as well? One cannot automatically assume that what is true in ACs
whose conditions are quite different from those of DCs is necessarily
true of technologically unsophisticated DCs.

In the past couple of decades, a large part of the economic litera-
tures on economic development has focused on difficulties in capital
formation as the major factor responsible for underdevelopment in
the low-income countries. The difficulties are assumed to be associated

13 The other four largest sources were nonresidential structures and equipment, eco-
nomies of scale, employment, and contraction of agricultural inputs. See Denison (1957,
Tables 21-21, 21-22, p. 318).

14 National Commission (1966, p. 103).
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with the traditional doctrine of “the vicious circle of poverty,” ie., a

chain of low income — inability to save — low investment — low
output.’s

The basic reasons behind this approach are enumerated: first,
there is a direct relationship between net capital investment and
growth, and that what is required to increase the rate of growth is to
increase the rate of capital formation. Thus, the central problem in
growth is capital formation, Second, it is assumed that sufficient
technological creativity to carry froward economic growth is present
in all societies.1s :

This neat but oversimplified approach is in fact misleading in
that it neglects factors other than capital that are of considerable
importance. Economie development is 3 complex process and is much
more difficult to achieve than i often realized. Injection of one or
more factors will not automatically bring about desired ‘economic
development. Capital is at best a necessary condition but not g syufB-
cient condition of growth, '

An empirical study on Nigerian manufacturing industries con-
cludes:

The magnitate of labor productivity depends on the effec-
tive utilization of the capital formation, and 2 major determinant

Virtually all DCs suffer from extreme shortages of managerial
and technical capibilities. The scarcity of these elements is often a
greater handicap to economic development than the shortage of
capital.’® The Advisory Committee on Private Enterprise in Foreign
Aid reports:

15 See Nurkse {1960, pp. 4-5),

18  Hagen (1982, p. 49).

17  Thomas ( 1975, p. 109). .

18  See Baranson (1968, p. 259). Baranson points ont that contrary to what is com-
monly believed, shortages of capital and machine skills are not the main source of difficulty
in developing countries. The major problems are associated with among others the Jack
of managerial capabilities. Ibid.
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While capital is scarce in the less developed countries, the
more subtle and dificult shortcoming s human and institutional.
The most basic problem in the whole development effort is that
of transferring skills and technology, and to some degree atti-
tudes, to individuals and institutions in the less developed
countries.”

Tn terms of preduction, one can argue that the difference between
ACs and DCs is primarily a difference of technological capability.®
Yet, in spite of its importance, the vast technological needs of the
DCs have not been adequately assessed or taken into consideration
by economists or. government officials in both ACs and DCs. Tech-
nological deficiency cuts across the entire range of required skills and
constitutes a major limiting factor to a higher rate of economic growth.

This being so, why is technological capability taken for granted
in the economic theories? According to Hagen, there are two reasons.
“Ope reason no doubt” he writes, “is ethnocentricity.” In Western
society technological creativity is assumed as a fact of human nature
rather than a culturally acquired trait. Another perhaps more important
reason is the * economic thought since the second quarter of the nine-
teenth century, in which present-day economists are steeped, has
ignored not only creativity but also the process of technological
change itself.”®

The extraordinary success of the Marshall Plan in rehabilitating
the postwar European economy - whose success was largely due to
massive inflow of external capital led many economists and public
officials to believe that similarly oriented programs would bring about
- rapid economic growth in DCs as well. Thus, it became fashionable
for DCs to draw up a five-year plan exclusively in money terms. One
thing development planners overlooked was the fact that while the
shortage of capital was common in both the war-devasted postwar
Europe and the DCs, the former had technological capability re-
quired for rapid economic growth, whereas the latter lacked both.
Results have been predictably disappointing. Even with adequate
fnancial backing, the five-year plans failed to meet their targets.
Fconomists were driven into taking a hard look at factors other than
capital. From the late 1950's onward, central emphasis began 1o shift
from copventional inputs to “nhonconventional inputs” including in-
vestment in “human capital”. and “human determination”, as well as
managerial and technical know-how as the major causes of economic

19 Foreign Aid (1965, pp. 6-7).
20 Bachman (1968, p. 13)
91 Hagen (1962, p. 50).
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devma*loprmant.22

There is an'argument for an *
or a “third technology” as a means for massive industrialization in

labor and technically trained’ personnel, Thus, there is a need for
technology which is neither Wp

latest technology, but an “intermediate technology” or a “third tech.
nology” which is specially designed to suit the unique conditions of
the DCs.»

On the other hand, there is another view whose proponents argue
for the use of the latest Western technology as a shortcut to rapid
development in DCs. For example, Leontief writes:

The new technology will probably have a much more re-
volutionary effect on the so-called underdeveloped countries than
on the U.S. or other old industrial nations. Shortages of capital
and lack of a properly conditioned and educated labor force
have been the two major obstacles to rapid industrialization of
such backward areas, Now automatic production, with its rela-
tively low capital and Iabor Tequiremenis per unit of output,
radically changes their prospects. Instead of trying to lift the
whole economy by the slow, painful methods of the past, an
industrially backward country may take the dramatic shorteut,
building a few large, up-to-date automatic plants.#

(1958, p, 20).
23 See Gill (1967, D- 86), and also see Alexander (1964, p. 115).
24 Leontief {1955, p. 79).
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Leontief’s concepts are widely shared with those who believe,
that in modern technology, there is the means by which DCs can avoid
or reduce the sacrifices and the time span required to achieve a
higher rate of economic development.

Not all the latest Western technology can be applied to DCs
with the same effectiveness in light of the unique conditions existing
in these countries. It would be impossible to use electrical tools and
equipment where there is no electricity. Certain prerequisites have
to be met for the effective use of modern technology. It is, however,
largely a matter of adaptation to the particular circumstances. There
may be certain short-run disadvantages resulting from the use of
advanced technology in DCs. Capital-intensive, and labor-saving meth-
ods may lead these countries in wasteful directions. It seems, how-
ever, that the long-run advantage of having advanced technology
available to be adapted would far outweigh the contrary considera-
tions. It is the basic assumption of the writer that there is body of
technology defined in its broad term which can be effectively trans-
ferred across national boundaries, to the benefit of the receiving
countries, developed or developing.

V. The Technological Gap

Vast amount of technology are concentrated in a few ACs. More
than three quarters of the scientific and technical information ori-
ginates in the OECD countries — Western Europe, North America,
and Japan® These countries add new technology at an increasing
rate to their already existing stock of technology. The result, world-
wide, is so called the technological gap.

To determine the extent and the nature of the technological
gap, it is helpful to distinguish between (1) differences in the de-
velopment of technological capibility, (2) differences in the perform-
ance of technological innovation, and (3) differences in the perform-
ance of diffusing ‘technological innovation.

The factors influencing the technological capability are the ex-
tent of R&D activities and educational efforts of a country. The R&D
gap bétween ACs and DCs is wide both in absolute and relative
terms. In 1973, for example, the United States and West Germany
devoted 3.1 percent of their GNP to R&D, and Japan 2.2 percent,
while Korea spent 0.4 percent”® No comparable figures are available
for all DCs, but we can safely assume that at present time R &D
efforts of DCs must be very small compared with those of ACs both in
absolute and relative terms.

25 OECD Observer (1988, p. 36).
28 MOST (1974, p. 5}, AST {1975, p. 248).
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There is a significant gap between the Ievel of technological eduy-
caion in DCs and that of ACs. The educational gap between DCs and

tions  examined by OECD, U.S.-based firms have originated ap-
proximately 60 percent, They also have the largest share (approxi-
mately 30 percent) of world exports in research-intensive product
groups® It is safe to assume that the majority of technological in-
hovation are done by the U.S. and other ACs,

Technological innovation may spread from one country to another

them out of economic stagnation.?® The technological gap among ACs
is largely a consequence of differences in technological innovation
whereas the gap between ACs and DCs is due to the combined short-
ages of technological capability, innovation, and diffusion in DCs,

The stock of technology in any country can be increased mainly
in two ways, ie., by importing already existing technology from
other countries or by creating new technology. Since DCs Iack the
technological capability to initiate technology, it is difficult to expect

VI. Main Channels for the Transfer of Technrology

. Main channels for the transfer of technology can be broadly
classified based on the principal transfer agent involved as follows:

27 Maddison (1965, pp. 17-18),
28  OECD Observer (1968, p. 21).
29  Root (1988, p. 20),
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Transfer through individuals

Transfer through private nonprofit organizations
Transfer through official channels '
Transfer through multinational corporations.

A. Transfer through Individuals

History is full of examples of the diffusion of foreign technology
through migration of people. We may distinguish between at least
three types of migration—the individual, the group, and the minority.®®
The individual may be an artisan who brings with him new skills
yet unknown to the local community or an enterpreneur who introduces
“ither know-how or alien technology embodied in machines. Some-
times migration involves a group of persons in the same craft. They
have an advantage over individual migrants in that they as a group
might have developed organizational patterns effective for the per-
formance of their work in addition to individual skills. For religious,
political, economic, social, and other reasons, a whole community
may move into a new society and carry with it a variety of skills and
enterprises.

oawy

The transfer of technology through a migration of peoples from
one society to another has some inherent limitations. First of all,
success or failure of ‘the transfer depends to a large extent on the

readiness of the local community to admit foreigners and the ability
of the newcomers to meet the resistance of vested interests in the local
community. There are also legal barriers to overcome. Many DCs
have very strict immigration laws. It is, therefore, unrealistic to
anticipate that migrations on a large scale will take place from ACs
to DCs. Even though migration is possible, the nature of modern
industrial technology makes it less dependent upon this channel for
its diffusion than is handicraft technology.

Aside from the channel provided by migration there are other
channels for the transfer of technology on an individual basis. The
principal transfer agents include students who have received training
abroad, domestic merchants who have foreign contacts and whose
business involves them in frequent foreign travel, the internationally-
minded scientists, and foreign managers and technicians hired by the
local enterprises. '

Personal skills of these transfer agents can be transferred through
this channel. However, there are some compelling reasons for the
difficulty. First of all, these transter agents are few in numbers.
Qualified scientists, technicians, and managers are in short supply
everywhere. It is very difficult for DCs to recruit them from a secure
and promising career in ACs. Another limitation of this channel is the

30 Scoville {19%1, p- 349).
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narrowness of the scope and depth of technology which can be transfer-
red through personal skills of even very competent personmel. For
example, corporate skills, in contrast to personal skills, cannot be
transmitted through this channel.

B. Transfer through Private Nonprofit Organizations

Private nonprofit organizations such as research institutes, founda-
tions, educational institutes, religious and other voluntary organiza-
tions provide a channel through which technology is transmitted to
DCs. The Battelle Memorial Institute and the Stanford Research In-
stitute in the United States are among the research institutes interested
in the transfer of technology to DCs. These research institutes can
provide modern technology on a confidential basis to their clients who
Iack their own research capability. The Ford Foundation and the
Rockefeller Foundation are prominent among foundations active in
transmitting technology to DCs.

The transfer of technology through various private nonprofit
organizations has certain advantages over other channels. The objec-
tive of the organization’s program is clearly stated and there are no
political and other conmotations which are often the case .in official
technical assistance programs. Nonprofit organizations do not seek
equity interests as many multinational corporations do.

But there are also limitations. The type of technology trans-
ferrable through this channel is limited to primarily nonindustrial
technology—agriculture, formal education, public health, etc., with an
exception of the work done by research institutes. This is not to imply
that this channel is not important, For in fact and in the long run,
it can favorably affect the technological capability. of a country by
its concentrated emphasis on “institution-building.” But the type of
technology which is urgently needed in DCs, especially managerial
skills, can hardly be transmitted through this channel on a large scale.

L, Transfer through Official Channels

Technology is transmitted to DCs through various official channels
which fall within two categories, namely, bilateral and multilateral
technical assistance programs. International organizations (UNIDQ,
UNDP, UNCTAD, etc.) have certain advantages which individual
countries lack. First of all, technical assistance from multinational
sources has no political connotation and, therefore, it faces little
suspicion from DCs. International organizations can also benefit from -
a large scale of operation compared with small donor countries.

In spite of good intent and sincere effort, there has been a good
deal of waste, duplication of effort and diversion of resources to low
productivity projects. A number of reasons are given for this. First,
since technical assistance is given on a grant basis, there is a tendency
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for the recipient coutries to view it as if no costs are involved when
in fact substantial direct and indirect costs are required to accept
such assistance. Second, there is a lack of coordinating machinery
among aid-giving agencies. Third, some donors are eager to offer their
services without adequate regard to the relevance of this assistance
to priority development needs in DGCs. Finally, there has been a relative
neglect and lack of planning due to limited supplies of skilled and
professional manpower.®* Much of the transfer of technology through
official channels has concentrated on agriculture, education, and public
administration through the provision of experts and the training of
local personnel. In industry, however, the role of official technical
assistance is necessarily limited. In fact, many donor countries and
organizations are heavily dependent upon private enterprises in their
effort to transfer industrial technology to DCs.

D. Transfer through Multinational Corporations®

The ways technology is transferred to DCs through multinational
corporations (MNCs) are many and varied, but they can be broadly
classified into three categories:

1. Sale of goods and services
2. Various contractual devices
3. Direct investment,

1. The Transfer of Technology through Sale of Goods and Services

Technology is transferred to DCs by MNCs which sell goods and
services, When goods, especially capital goods are sold to DCs, techni-
cal knowledge is transferred, for technology is incorporated in them.
Sometimes technology is transferred through the sale of package in-
dustrial plants. This method of transmitting technology is commonly
referred to as “turn-key” contracts which generally require the tech-
nology-supplying firm to design the plant, supervise construction, and
train local personnel for plant operation. Technology is also conveyed
to DCs by MNCs which sell services rather than goods. Consulting
firms, international airlines and banks transfer technology through the
sale of their services to many DCs.

The sale of machinery and equipment is the simplest vehicle for
MNCs to transfer techriology to DCs. However, much of compk-
cated and sophisticated industrial technology cannot be transmitted to
DCs without active participation of MNCs, Another prineipal obstacle
to this channel is the governmental regulations restricting imports
in order to conserve foreign reserves and eneourage local manufacture.

2. The Transfer of Technology through Various Coniractual Devices

31 OECD (1968, p. 9).
32  For a detailed discussion of the technology transfer through MNCs, see Oh (1970).
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There are a broad variety of contractual arrangements under
which technology is transmitted to DCs either independently or in
conjunction with equity participation. These arrangements include
~among their most common forms:

a. Technical service agreement under which technical information
and services of technical personnel are made available by the
MNC to its subsidiary or to an independent irm in a DC.

b. License agreements under which the licensor grants to the licensee
certain rights to make use of patents, trademarks, unpatented in-
ventions, processes and techniques including secret know-how in
connection with the manufacture and sale of products by the
licensee in specified areas.

¢. Management contracts under which operational control of a firm
that would otherwise be excercised directly by its board of direc-
tors or managers is invested in the MNC which may or may not
have equity interest in it.

d. Engineering and construction agreements under which technology
relating to the design and construction of facilities required by a
firm in a DC is made available to it by the MNC.

e. Contracts for the exploitation of natural resources between the
MNC and thé DC under which the MNC makes available the
technology required to carry out all or certain aspects of a program
for the exploration and development of Jocal natural resources.

The separation of various contractual devices into five categories
is necessarily an arbitrary one. It is only useful for analytical purposes.
In practice there are numerous combinations and varients. The trans-
fer of technology through contractual devices has certain advantages.
First, contractual devices can avoid trade barriers imposed on im-
ports of goods. Second, since equity participation is not a necessary
condition of the transfer of technology through this vehicle, there is
1o need for fear of “foreign domination” by the technology-supplying
firms. Third, where there are governmental restrictions on the
transfer of foreign exchange, “it has been found that the returns of
royalties are often looked upon more favorably than the return of
dividends and principal”® Finally. where the economy is centrally
controlled and planned or where foreign direct investment is pro-
hibited or limited, this channel may constitute the major alternative
to other forms of the technology transfer.

There are also certain disadvantages. Most modern industrial
technology is the result of team cfforts within the firm which developed
it. Its transfer and local application require the combination of a
similarly wide range of skills and experience which many DCs lack.
Thus, in many cases the performance of the technology-supplying

33  Behmman (1958, p. 147).
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firm cannot effectively be reproduced by the independent firms in
DCs without the active participation of the former. The willingness
of the technology-supplying firm to share its technology with others
is another limiting factor. For various reasons many MNCs are reluc-
tant to enter into agreements with independent firms in which they
hold no equity interest.

3. The Transfer of Technology through Direct Investment

Technology is transferred to DCs through direct investment by
MNCs in a number of ways. Managerial and technmical skills are
transmitted by the transfer of personnel, the training of local per-
sonnel, and the assistance extended to local enterprises.

. The fastest way of eliminating the shortage of qualified person-
nel in DCs is the transfer of managerial and technical personnel
from ACs, for it takes time to develop needed skills among local
personnel. The significant difference between expatriates sent by
MNCs and those who have no corporate ties is that the former can
transfer corporate skills as well as personal skills, but the latter can
transfer only personal skills. Some corporate skills cannot be separated
from the going concern and, therefore, expatriates working alone can-
not transter corporate skills, Effective transfer of corporate skills re-
quires the presence of a going-concern.

Virtually all MNCs operating in DCs conduct training programs
of one kind or another for local personnel. The training program may
be formal or informal on-the-job training. It may be conducted at
the individual plant or at a regional training center. High level per-
sonmel are most likely to be sent to the corporate headquarters located
in one of the ACs. There is no doubt that local subsidiaries of MNCs
are one of the best training centers for industrial skills in DCs and
have much to contribute to the DCs. '

MNCs generally extend technical and often managerial assistance
to local suppliers, dealers, and other firms in .the host country. Local
entrepreneurs have a chance to see the modern factory firsthand by
plant tours organized by MNCs.

For a variety of economic and political reasons, the transfer
through direct investment by MNCs faces a growing resistance both
in ACs and DCs. In ACs where most MNCs are headquartered, there
is a growing view that the transfer of technology, especially sophisti-
cated technology, by MNCs should be restricted to safeguard their own
national economic interests. In DCs where MNCs have direct invest-
ments, MNCs are faced with a rising resentment and suspicion that
these MNCs may dominate their local economy.

ViI. Conclusions and Pelicy Implications

The essence of economic development is a rapid increase in
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the economic productivity of nation. A number of factors are responsi-
ble for the increase in productivity and it is indeed difficult, if not
impossible, to estimate from historical data the precise contribution
of each factor to a nation’s rate of economic growth Several con-
clusions can be drawn, however, from the empirical findings:

1. Empirical studies discussed above have presented irrefutable
evidence to support the proposition that the increase in productivity in
the United States and European countries studied has been largely a
consequence of technological change, as contrasted with capital forma-
tion. :

2. There is no justification for treating “residual factors” as ex-
ogenous, considering their overriding effect,

3. In the discussion of the growth model, emphasis should be
shifted from the conventional inputs — capital, land, and labor — to
the nonconventional inputs — training and education of Iabor, man-
agerial and technical skills, research and development, etc.®

4. The injection of new technology into an economy can ac-
celerate the rate of economic growth and raise the standard of living.

5. The transfer of technology from ACs to DCs can help close
the technological gap between ACs and DCs. -

6. The transfer of technology through MNCs is one of the most
effective means of transmitting modern industrial technology to DCs,

MNCs are the primary generators of modem industrial technology
and they, like any other profit-oriented organization, are in busineses
to make profits for their shareholders. Their investment decisions
are influenced by so-called investment climate which is largely con-
ditioned by the governments of the host countries where they invest,
It is important for DCs to undestand the motive and preoccupations
of MNCs. DCs can take Positive actions to encourage the technological
transfer through MNCs and they include:

“~ Reasonably stable political and economic environment;

— Unambiguous attitude toward private enterprises, especially
MNCs;

— Elimination of restrictive governmental policies and Ppractices
relating to import, licensing, and direct investment;

— Efforts to expand market Opportunitics through regional co-
oOperation; and

34 For some of the dificulties in interproting the precise effect of technological
change on the rate of economic growth, see Mansfield (1968, footnote 5, p. 5).

35 Education and research have received particular attention in recent years by
economists. For example, see Svennilson ( 1962, p. 8) in which he writes: “Eduation and
research may thus be regarded as basic factors in a process of growth, while investment in
capital equipment may be relegated to the role of a necessary by-product of this process.”
bid. For a discussion of the nonconventional inputs, see Campos (1967, pp. 62-63).
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— Improvement in the local technological capabilities.

If collaboration between DCs and MNCs is to be attained, it can
hardly be achieved by seeking forcibly to subordinate the interests of
one side to those of the other. Since each is free to accept or reject
such collaboration, there can be no compulsion. Where both agree
that they need each other to achieve their admittedly divergent ob-
jectives, there must be a basis for reconciliation to the mutual benefit
of 2ll concerned. :

Extensive research is clearly required to study the role of tech-
nology in economic development of DCs, and the conditions and pro-
cedures under which industrial technology of ACs can effectively be
transferred to DCs at reasonable costs. It is hoped that the present
paper is a small contribution toward that goal.
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