Technology Transfer and Absorption in
Korea: Methodology and Measurement

Woo-Hee Park*

The purpose of this essay is to categorize technological knowledge
and to examine its transfer from developed countries to Korea. The
empirical investigation is carried out with data available from the
firms surveyed: Hanyang Chemical Corporation in petrochemical
industry, Kolon Co. Ltd. (KOLON} in synthetic fibers, Daewoo Heavy
Industries Ltd. in machine industry, and Pohang Iron and Steel Co.
Ltd. (POSCO) in iron and steel industry.

We start by revealing the procedure dictated by the concept of the
process and methodology of measurement, and moves through its
stages, from the planning stage at the beinning to such various fur-
ther stages as negotiation with foreign suppliers, design, construc-
tion, starting-up, operating the equipment, securing improvements,
developing new products and techniques, absorption and diffusion
of imported technology. Comparisons are at the heart of the sum-
mary, and in particular a comparison with Japan is indicated. The
broad implication is that the presently reported statistical evidence
provides not only a description of the technology transfer but also a
prescription, that is, an inquiry into how the transfer can be con-
ducted skillfully in developing countries. (JEL Classification: 033)

1. Introduction

In industrializing, most countries first acquire technology. Before
production can begin, even before plants can be constructed and
equipment installed, a minimal amount of information about the man-
ufacturing technique must usually be imported. Up to the time of
transfer, this information will reside in patents and other published
documents, in blueprints, in design and operators’ manuals that are
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the private possession of construction and producing firms abroad, and
in the accumulated experience of individuals who have perfected the
technique. This reservoirs of technological knowledge are many, deep
and distant.

Yet, somehow or other, the fluid that resides in these distant sources
must be tapped, and piped as swiftly and economically as possible to
the potential users in the developing countries. Moreover, as a fluid to
be supplied by one group of individuals and acquired by another group
of individuals, technical knowledge is very complex, so complex that its
nature is difficult to define and its transfer to describe. To categorize
technological knowledge and to investigate its transfer from developed
countries to Korea are the objectives of this paper.

It might be said that attaining these objectives would be sufficient to
justify carrying out the study, for relatively little is known about what
constitutes technological knowledge and about how this knowledge is
drawn upon; but the choice of Korea provides further justification. By
general agreement, Korea has been particularly successful in industri-
alizing: it therefore should be able to provide not only a case study of
the transfer of technology—i.e. a description—but also an inquiry into
how the transfer can pe conducted skillfully—i.e. a prescription.

It is unlikely that Korea's achievements would have been so great
had its acquisition of modern technology been slow and inefficient; so
the presumption can be made that the transfer of technology to Korea
has been relatively smooth. Nevertheless, this general statement is not
very revealing; it immediately leads one to ask in which activities,
involved in the transfer, Korea may have excelled and in which not. It
also leads one to ask fundamental questions concerning the relations
between the acquisition of technology on the one hand and the produc-
tion of goods on the other hand and the meaning of excellence.
Economists have reasonably good ideas of what is meant by excellence
in production and exchange, centering on efficiency in the static sense
and on innovation and responsiveness in the dynamic sense, but they
have few ideas of what is meant by excellence in the transfer of techno-
logical knowledge. In the observation of what one imagines to have
been a successful transfer some ideas may emerge; to evoke these
ideas is an aim of this paper.

II. Methodology

The chief means employed in trying to meet the aims of this work
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were detailed case studies involving the recent acquisition of sophisti-
cated technical knowledge by Korean companies. The historical period
involved is the recent past, extending from the mid-1960s to mid-
1980s; the technologies involved are chemical (polyethylene, VCM, syn-
thetic fibers), metallurgical (iron and steel), and mechanical (diesel
engine). The firms surveyed are Hanyang Chemical Corporation in
petrochemical industry, Kolon Co. Ltd. (KOLON) in synthetic fibers,
Daewoo Heavy Industries Ltd. in machine industry, and Pohang Iron
and Steel Co. Ltd. (POSCO) in iron and steel industry.

We refer first to Figures 1 and 2 in which the majority are displayed
for the process of incorporating foreign technology. The two figures are
complementary; both start with the same event (industrial planning)
and both portray the same sequence of events. The difference between
the two figures is that Figure 1 focuses on the activities that take place,
whereas Figure 2 focuses on the major decisions that follow each activ-
ity. Thus the first activity in the sequence, ‘planning and investigation’,
leads to the choices of what technology is to be employed, what prod-
ucts are to be manufactured, what scale of operation is to be selected
and to what structure the producing industry is to conform. The rea-
son for splitting activities from decisions or choices is that some of the
terms to be defined refer chiefly to the activities that are undertaken
within the developing country while other terms refer chiefly to the
decisions that are made. To take as an illustration the term that has
been used already, adoption, it is meant to cover the sequence of deci-
sions or choices from the first activity to the last, inclusive; it therefore
appears in Figure 2.

Returning to Figure 1, it can be seen that no single term covers all
the activities from beginning to end. This is not surprising, for the vari-
ety of activities is vast, extending over long periods of time and drawing
upon many different individuals and organizations. Yet it would seem
to be useful to have some way of consolidating all the activities in the
sequence. The concept that will act as the unifying force is that of the
‘course’, in this case the course that, when followed, leads to the adop-
tion and diffusion of the technology. The association is with the race
course, over which a race is held, or an obstacle course. The course is
so broad as to be all-encompassing; it extends through time, taking
several years or even a few decades, to come to completion; it extends
across space, from the point of import into the rest of the country; it
extends through institutions, public and private, profit and non-profit,
economic and political; and it extends from individual to individual,
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involving some at the very beginning, some later, some at the end, but
hardly any single person throughout.

As an indicator, change in the direction of the flow of resources is
crude, being neither quantitative nor detailed; other indicators are
needed which are more precise and more sensitive. Moreover, it would
be surprising if a single measure were available for such a complex set
of activities as those which comprise the course of adopting and diffus-
ing a foreign technique: rather, one would expect to find many mea-
sures, some of which would apply to no more than a single step on the
course, others of which might apply to two or three steps.

So far as the first three steps on the course are concerned—deter-
mining needs, examining alternative techniques and suppliers, and
making a choice among them—the only quantitative measure that is
feasible is the number of alternatives available. Measures of the precise
terms on which alternatives are available will be difficult to assemble,
since the only supplier whose terms are specified will be the one that is
finally chosen.

The fourth step on the course which is our main concern—the
absorption of the imported technology in its first application in indus-
try—can be measured reasonably well. Four measures, two general and
two limited, offer themselves. The general measures are easy in their
construction, although not necessarily simple in their interpretation;
they are the speed with which each of the activities involved in absorb-
ing a technology is carried out and the percentage of the individuals
carrying out each of the activities who are citizens of the importing
country. The difficulty in interpreting these measures arises because
an activity may be terminated prematurely or a foreigner replaced too
soon, with a subsequent loss in efficiency or increase in cost. The
opposite could be observed too, namely an activity extended too long in
time or a foreigner held in his post longer than necessary, although
these last phenomena would not be expected to occur often. So long as
the activities are carried out effectively, and so long as the citizens of
the importing country perform their duties adequately, the measures of
speed of accomplishment and replacement of expatriates provide
revealing measures of the degree of absorption.

The two limited measures of absorption both apply to the production
of output only. To be sure, production of output is the rationale for the
import of a technology, but it is only part of one step, albeit a long one,
in the course of adoption. These two measures of absorption are the
actual rate of output relative to the design rate and the cost of produc-
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tion. Since it is dimensionless, the rate of capacity utilization is effec-
tive for comparisons across industries within a single country as well
as across countries for a single industry.

Cost of production is a measure without these comparable features,
and yet, for a single technology, it is probably the most revealing one to
be conceived. Moreover, from it can be obtained, as by-products, par-
tial measures of efficiency of use of each factor of production, i.e. pro-
ductivities. The difficulties in the derivation of a measure of cost are
chiefly informational.

Considering measures of diffusion, the most common and elegant—
the sequential pattern, through time, of adoptions by firms in the
industry—is not appropriate for any of our studies excepting possibly
that of the textile industry. The other industries are all monopolized, so
the first firm to incorporate the technique is the only one. To find mea-
sures of diffusion we must look backward to the suppliers of inputs for
the operating firm or forward to the customers. Where suppliers of
inputs are concerned, perhaps the most significant for the developing
countries are the capital-goods manufactures; the higher (in value
terms) the fraction of the plant and equipment that local capital-goods
manufactures supply, the further has the technology diffused. But the
same sort of measure could be applied to suppliers of other inputs—
materials or energy, for example. If the base of the measure of diffusion
is the total cost of all the inputs, then a more nearly complete measure
of diffusion to suppliers would be the fraction of total cost of inputs
supplied by domestic firms.

No such quantitative measure exists for diffusion to customers;
where this phenomenon is concerned we will have to resort to descrip-
tion, from general observations on the flow of technical knowledge to
users of the product, to universities and technical schools, and to gov-
ernment. This descriptive material will occupy parts of the four case
studies on the absorption and diffusion of imported technology, one
each in the petrochemical, textile industries, machinery and iron and
steel.

The final measure worthy of mention is not quantitative but qualita-
tive—the objectives of the participants. Technologies themselves, being
impersonal, have no objectives, but all the individuals who evaluate
and choose and employ and improve them have objectives of their own.
As their objectives differ, so will their behaviour. Assuming rationality,
the former can be inferred from the latter, perhaps with greater accura-
cy than objectives can be determined directly by questioning. But if the
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two sorts of information—one from inferences, the other from questions
—are consistent, an accurate knowledge of objectives can have consid-
erable explanatory power.

What theory is available to guide an inquiry into the adoption of
sophisticated techniques in the economy of a developing country? The
answer must be, unfortunately for our purposes, very little. And what
theory there is not well designed for our use. Reasons for theoretical
inadequacy are not hard to find; the adoption of a foreign technique is
a complex and extended activity, and the important variables do not
lend themselves readily to precise definition and measurement. The fol-
lowing theory, or theories, may therefore seem fragmentary and inap-
propriate, but they are the best that are available.

The most nearly comprehensive theory, or non-theory, of the course
of adopting a technology is the neo-classical micro-economic theory of
the firm, devised by Walras, Marshall, Hicks, Samuelson and their
many followers. In its simplest version, the neo-classical theory of the
firm assumes that knowledge is acquired instantaneously and without
cost. Moreover, knowledge is defined so broadly as to include all the
abilities and skills needed to assimilate an imported technology into
the local environment. The local environment is represented in the the-
ory solely by a different set of relative factor prices. By these assump-
tions any difficulties are effectively dispensed with, and the course of
absorption offers no challenge at all.

Recent work in the theory of the firm relaxes the assumption of cost-
less and timeless acquisition of knowledge, in recognition of the fact
that resources are consumed in the process. The work, summarized
and advanced in the survey by Kamien and Schwartz (1982), still
assumes that the enterprise creating and adopting the new technology
is a monolithic body responding perfectly to its single-minded owner/
manager, and so neglects such factors encountered in developing
countries as physical bottlenecks, government controls and regula-
tions, conflicting objectives, uncoordinated behaviour, risk and igno-
rance. Since these are the very factors that we are focusing on here, in
other words since these are our variables not our parameters, we find
the neo-classical microeconomic theory of the firm vacuous.

Putting neo-classical theory aside, the investigator seeking guidance
is left with a rogue theory, usually called ‘learning-by-doing’. The phe-
nomenon was recognized by production engineers. observing that the
labour cost per unit in the assembly of a single type of aircraft fell as
the number of units increased. Work by economists began with that of
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Hirsch (1956) and Enos (1958); the term ‘learning-by-dong’ was invent-
ed, and utilized in the context of a macroeconomic model, by Arrow
(1962). Subsequent work is summarized in Rosenberg (1976).

Applied to the production of a single commodity, endlessly repeated,
the theory of 'learning-by-doing’ states that the direct cost of manufac-
turing a unit of the good will decline as the experience gained increas-
es. Experience is measured by the accumulated sum of all units previ-
ously manufactured; mathematically the relationship appears as

1
c=aXxt, (1)
x=0
where ¢, = average direct cost of producing the " unit of good x;
o = a scale parameter;
U = a parameter, whose value lies in the range O < u < 1.

There is one thing to notice about this theory; it is mechanistic, say-
ing nothing about how learning takes place. Learning proceeds auto-
matically and costlessly with production. Although the assumption of
costless learning is convenient for the development of the theory and
for its econometric testing, it is by no means realistic, as economists
such as Katz (1978) have argued and as our own case studies demon-
strate.

In the case studies we discover that learning takes many different
forms, which should be separated one from another. To do so will
require that equation (1) above be placed in an explicit time scale and
that the output-dependent relationship be decomposed into as many
terms as there are recognizable forms of learning.

In equation (1) the index i advances through time. Knowing the time
path of output x{t), i and c, can also be written as functions of time i(t)
and c¢(f). Let us define 8 as the average rate of decrease of direct cost
attributable to all forms of learning. This new variable f§ is related to
cumulative output x(f) via c(f):

—t l —u -t
ﬁ:l-{l-ﬁ} =l—{1—(§x(t)] } : )
o x=0

Imagine that there are n forms of learning: the contribution of all will
be B. Given separability, the individual f—average rates of cost reduc-
tion—can be combined additively,

B=Bi+ B+ ... B+ ... B (3)
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We will now identify forms of learning and try to relate them system-
atically to equation (2). The first, §,, will be assigned to the cost reduc-
tion attributable to the exploitation of static economies of scale in suc-
cessively larger plants. That a firm in a developing country should ini-
tially install a small plant, so as to reduce the risks in adopting a new
technology, is sensible: once the technology has been absorbed in the
small plant, the accumulated experience can be applied to successively
larger plants. If the firm collects and reveals its costs plant by plant, no
difficulty arises, since the scale of neither has been altered. It is only if
the firm aggregates its cost data across plants, presenting a single,
average cost figure for each time period, that allowance for different
scale plants must be made. Typically, firms reveal aggregate data only,
augmented with the dates when new plants were constructed and
these plants’ design capacities.

Consider the design capacity of plants, producing a commodity suffi-
ciently homogeneous as to be reported on a multi-plant basis, as g, k=
1, 2, ..., m where g, is the rate of output of the kth plant, so many
physical units (say, metric tons) per year. Provided that the plant is
operated exactly at design capacity throughout its life of t years, g, is
equal to cumulative output x in equation (1), divided by t:

(3)

where k is placed as a superscript, so as to distinguish the kth plant
from, in equation (1), the ith unit of output whose average cost is c,

Besides ¢, the annual rate of output at design capacity, we shall
need to define four other variables:

C) = total expected cost of production in the kth plant at the design
rate;

¢, = average expected cost of production in the kth plant at the
design rate, often called ‘standard cost’,

ék = &;
A

¢ = average expected cost per unit, a weighted average over all m

plants,

3G < @
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4 = the parameter representing static economies of scale,
0<d6< 1.

Static economies of scale in the operation of different sized plants,
say plants 1 and 2, are usually represented by the expression:

- [1 S
2 _| Q2
Gl ©
the smaller is the value of §, the larger are the economies of scale.
Specific values of §, drawn mainly from engineering studies, are in the
range of 0.6 to 0.9 for the production processes (Yotopoulos and Nugent,
1976, Table 1).

It remains to relate the expression for the relative (total) costs of
operating different sized plants, equation (5), to §,, the average rate of
reduction in cost from exploiting economies of scale in successively
larger plants. Let the index k, in g and Cj, run chronologically from
the first plant constructed (k = 1) to subsequent ones; and let the same
subscript apply to the time when the plant begins operation; e.g. the
first plant with design capacity g, begins operation at t,. Assuming that
any ‘learning’ that takes place in the operation of plant 1 between the
date it is brought into operation, t;, and the date the second plant is
brought into operation, t,, is also assimilated into design and operation
of the second plant, the relation between the total operating costs of
the first and second plants, both producing at design capacity, will be
reflected exactly in equation (5). The difference between average costs
of the two plants, at t,, will be ¢,(t,) - ¢(t,) all of which is attributed to
the addition of the second, larger-scale plant. Spread over the interval
between the initial operation of the first and second plants (t, - t,) the
contribution from economies of scale, 3, averages

1 6 (t,)-c(ty)
t,)= 1122 1 ,
Altz) (tz—tl)( &) ] ©

where f3; is measured at t,. The total rate of cost reduction S, at t, will
be

1 ¢ (t)-clt,)
t,)) = 111 2 ,
At,) (tz—tl)[ &) J @

and the difference between fS(t,) and ,(t,) will be the contribution of the
other forms of learning.
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Now imagine that both plants are operated until a further date t{t >
t,), and that additional ‘learning’ of forms j,, f;.... B, takes place. The
overall annual rate of reduction in average cost over the entire interval
from the initial operation of the first plant, t,, to t is defined as §, and
the contribution of economies of scale is indicated by equation (6), with
t substituted for ¢, in the left-hand side and for t, in the term (¢, - t;) in
the denominator of the right-hand side. Substituting total costs, Ck, for
average costs, ¢, in equation (6), and then design capacities g, for total
costs, from equation (5}, we can obtain the value for j;, over the entire
interval to t:

1 Gty g ()
AT Gw| @ +c12){1+(511] } | ®

Examining equation (8) we observe that the expression is appropriate
for a sequence of two plants; similar but increasingly more complicated
expressions will apply for sequences of three, four or m plants. In all
expressions there will appear the total cost of the first plant to be
brought into operation, at its initial date, C,(tl), and at the dates of ini-
tial operation of subsequent plants, Cl(t,z), Cl(ts)... él(tm]. Also appearing
in the expression for an arbitrary k plant will be total costs for the (k -
1) plants previously constructed, at each date up to and including ¢,.
Finally, the design capacities of all plants and their dates of initial
operation will be needed. These data—total costs at different dates,
design capacities and dates of initial operation—are generally available,
so B3, can be calculated.

Because of the necessary inclusion of values of total cost, any calcu-
lated value of §; is not independent of the overall measure of cost
reduction B. Such interdependence is not encountered in these addi-
tional forms of ‘learning’ we will attempt to measure, namely those
attributable to saving on raw and processed materials (f,). saving of
energy (f3), savings through the localization of supply, particularly the
supply of capital equipment {8,) and quality improvements (35). There
are, however, two final forms of ‘learning’ that are not independent of
the previous form, learning that results in a reduction in the cost of
labour (fg) and learning that results in an ability to operate equipment
in excess of design capacity, thereby reducing the average cost of capi-
tal (3,). In the chemical process industries, the number of operating (as
distinct from maintenance, clerical and managerial) personnel is usual-
ly fixed at the time of initial operation, according to the specification of
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the firm’s insurers. ‘Learning’ only reduces labour costs in the other
functions of maintenance, purchasing and marketing, and administra-
tion: the reduction in operating labour costs comes about through
increases in the scale of operation, already considered, at least in part,
in B,, and to be considered below in f,;. In the mechanical process
industries this interdependence between the requirements for operat-
ing labour and scale does not arise to such a great extent, and can be
neglected without admitting too much inaccuracy.

The last form of ‘learning’, already labeled $; and not independent of
By, is the ability to operate equipment in excess of its initial ceiling or
design capacity. Sometimes this phenomenon is called dynamic econo-
mies of scale, so as to distinguish it from the static economies inherent
in larger sized equipment, but the dividing line between the two is not
clear. In making a distinction between cost reductions attributable to
building a succession of larger-scale plants (our ;) and cost reductions
attributable to operating any single plant at a scale in excess of that for
which it was designed (our §;), and in measuring these separately, we
are following the habit of engineers, while recognizing, as do engineers
and economists, that the separation is arbitrary. Occasionally a plant
is ‘over-designed’ in which case f§,, for the sequence including that
plant, would be understated and B, overstated; occasionally a plant,
perhaps one incorporating an innovation, has a bottleneck that takes
some time and effort to eliminate, in which case j, is overstated and f,
understated.

This enumeration of form of learning, together with our ways of mea-
suring them, does not exhaust the possible economies that a swift and
steady absorption of technology may generate. The treatment of absor-
ption is further complicated by changes in the technique occurring on
its transfer from the developed to the importing, underdeveloped coun-
try. For many reasons, the most familiar of which is the desire to
exploit differences in relative input prices, the technique may be adapt-
ed before or during its transfer. There is a literature on adaptation
prior to transfer, more, it must be admitted, on the need to generate
techniques that are appropriate to the underdeveloped countries than
on the experience of doing so. On adaptation during transfer, there is
some case material, interesting in its own right. Work prior to 1974 is
reviewed in Jenkins (1974); more recent evidence is provided in Stewart
(1978) and Moxon (1979); but the results have not led to the formula-
tion of a theory of the adaptation of techniques for developing coun-
tries, nor to any ability on our part to measure its significance.
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III. The Result of Measurement

We will now report our chief findings from the study of the process of
incorporation of imported technologies in Korea. Our procedure is dic-
tated by the concept of the process, and will thus move through its
stages, from the determination of the needs for the technology, at the
beginning, to indigenous research and development at the end. Com-
parisons will be at the heart of the summary; comparisons between dif-
ferent technologies taken side by side.

A. The Planning Stage

So far as the first, planning, stage in the process of incorporating a
technology is concerned, the planning of the Korean government and of
the industrial firms in our sample seems generally to have been quite
accurate and effective. Output targets have been precise enough to
enable producers to translate them into demands for their own prod-
ucts, and set long enough beforehand to give them to respond. More
importantly, the targets, once established, have been adhered to, and
generally attained. This last achievement is impressive and beneficial
for once one set of targets is attained, the next set is all the more plau-
sible and all the more likely to be adhered to. To have an impact on the
structure and volume of output, planning must be credible.

Although planning in Korea has generally been successful in facilitat-
ing the incorporation of imported technologies, there have been varia-
tions among the industries we studied. In our judgement, the activity
was carried out very well with regard to petrochemical and iron and
steel, and less well with regard to machinery and textiles. It must be
admitted, however, that the task was much easier in the cases of the
first two, because the technologies were being employed for the first
time, and the scales of operation were very large: the ministry was fore-
casting for one industry consisting of one firm utilizing one technology.
In the cases of the last two, machinery and textiles, the ministry was
attempting to forecast for industries consisting of many firms employ-
ing many technologies and producing heterogeneous products. The tar-
get figures were highly aggregated, giving neither the ministry nor the
manufacturing firms clear indices against which to measure perfor-
mance. It is not certain that more detailed forecasts would have in-
creased the efficiency of planning, because in machinery and textiles
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one product can often be substituted for another, enabling one target
to be missed without constraining subsequent output. ‘Targets’ have
little meaning as numbers to be attained in such cases.

In the case of medium-sized diesel engines, the forecast of demand
and installation of manufacturing capacity were generally in excess of
eventual sales. Partly this was the result of the over-ambition of a few
ministers and directors of development agencies, who intervened in the
Economic Planning Board’s calculations; partly it was a failure to
anticipate the increases in efficiency of smaller-sized diesel engines,
which enabled them to be substituted for medium-sized engines in
light buses and trucks. The excess capacity existing in diesel engine
manufacture throughout the period studies has had deleterious effects
on costs, on profitability and on the ability of the manufacturer to keep
abreast of technical advance.

B. The Stage of Negotiation with Foreign Suppliers

The second and third stages in the incorporation of imported tech-
nologies—surveying alternative techniques and alternative suppliers,
and choosing the best combination—may well be considered together,
for the two stages overlapped in time. They also provided those study-
ing the process of incorporation with their most surprising results—
that the choice of technology is of negligible consequence and that the
choice of supplier is of grave consequence.

Early in the enquiry it became apparent that in Korea the choice of
technique had been preempted. Long before the manufacturing tech-
niques were imported, the Korean government had decided to industri-
alize by producing in substantial volumes a wide range of modern,
sophisticated goods in large scale plants employing the most advanced
technology. Scrutinizing the lists of process design and construction
firms which has recently undertaken new projects throughout the
world, the Korean government discovered that there were usually sev-
eral alternative suppliers of advanced manufacturing techniques differ-
ing in their design and operating characteristics but almost identical in
the inputs they consumed and the outputs they produced. In the lan-
guage of the economists, all employed the same production function. In
terms of inputs and outputs, there was no choice of technique, only of
technician.

But this did not mean that the Korean government had no choice,
rather that technology was irrelevant to the choice. Choice there was,
and although in making the choice the Korean government may not
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have been concerned with adapting the technique to local conditions, it
was concerned with securing the technique on the best possible terms
for the country. Reconstructing the past, it appears that, once access
to the modern technique was assured, foremost among the govern-
ment’s preferences were ample supplies of one resource and one out-
put. The resource that was most keenly sought was foreign exchange,
almost certain to be very scarce in a country embarking on such an
ambitious program of industrialization. The output that was most
keenly sought was the product which the technology was designed to
produce: the Korean government was determined to secure from the
equipment purchased with scarce foreign exchange the maximum rate
of production. High profits might be obtained by the producing firms,
but only as a consequence of their attaining high rates of output, not
as a consequence of their restricting output so as to be able to charge a
higher price. Output should be constrained only by the physical capa-
bilities of the equipment and its operators, not by any financial or mar-
ket considerations.

Lower priority was attached by the Korean government to four other
desirable attributes of an undertaking—control over the prices of
inputs and outputs, uniform treatment of foreign participants, full
acquisition of technical know-how by Korean engineers and managers,
and automatic access to subsequent technical improvements. Desira-
ble, but conceded if necessary, seemed to be access to later innova-
tions, government control over the internal administration of the firms
operating in Korea, acquisition of financial and marketing knowledge,
localization of capital goods purchasing, and majority ownership by
Koreans. Still thought desirable, but assigned the lowest priority in the
ranking of the Korean government were competition in the newly-
established industry, ready access to export markets for outputs of
indeterminate goods, and the temporary although conspicuous pres-
ence of expatriates in positions of technician and financial authority.

With this apparent preference order the Korean government entered
into negotiation with all possible foreign suppliers. A few foreign firms
had previously approached the Korean government; the rest were
approached upon the initiative of the Korean government itself. As the
negotiations proceeded and the government's terms became stiffer, the
foreign suppliers dropped out, one by one. Left at the end of the negoti-
ations was just one foreign firm, willing to accept the stiffest terms of
all.

Compared to the initial terms, the final terms were almost always far
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better for the Koreans: far better in that they seemed to ensure the
swifter absorption of the imported technology and far better in that
they seemed to confer greater benefits on the Korean economy as a
whole. These two consequences are related; swifter absorption of the
technology enables output to be produced at a high rate as soon as
possible, generates improvements which lower costs and places
Koreans in a position to make decisions and earn incomes. The bene-
fits thus accrue on the supply side of the economy—via increases in
output and reduced constraints on inputs—and on the demand side—
via increases in the incomes of all the Korean participants, be they
operators, engineers, managers or shareholders, public or private.
Putting it another way, swift absorption of the technology has desirable
effects, both on output and on employment, and swiftness comes at the
outset from negotiating favourable terms with the foreign suppliers.

The two main accomplishments of the Koreans in their negotiations
with foreign suppliers of technology—lower costs of acquisition and
speedier transmission of know-how-—are demonstrated in our cases. It
is probably the case of iron and steel that best illustrates the former
accomplishment: upon the resumption of diplomatic relations with
Japan in 1965 the Korean government secured the allocation of a sub-
stantial portion of the Japanese government's official grant and conces-
sional credits to the construction of Pohang's first iron and steel mill.
Moreover, so fierce was competition among foreign suppliers of the
reducing, converting, casting, rolling and shaping techniques from
other developed countries that the Koreans were able to secure them at
minimum cost. Similar cost advantages are cited by Hogan (1985) for
the equipment to be installed in POSCO’s second iron-and steel-mak-
ing plant in Quangyang.

The latter accomplishment—the speedier transmission of know-
how—is probably best illustrated in the case of petrochemicals. It is not
that the transmission was necessarily faster than in, say, artificial
fibers; it is that the case of petrochemical is the fullest documented.
There we can see most clearly the complex nature of the technology,
the nature of what had to be transmitted and the agencies through
which the transmission occurred.

C. The Design Stage

Firmness, perseverance and dedication have carried the Koreans
successfully through the stages of planning and negotiation, but these
qualities have been of little avail in the next stage of the process of
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incorporating foreign technologies—learning how to design facilities
and the constituent equipment. Here the Koreans have made the least
progress. Here, also, experience has been the most varied; from the
manufacturers of artificial fiber, Kolon, and petrochemical, Hanyang,
who are capable of formulating new processing schemes and of altering
existing equipment so as to produce novel products; to the manufac-
turers of iron and steel and diesel engines, who have generally not
acquired the skills and experience of design, deliberately in the former
case and unintentionally in the latter. It may be that process and
equipment design requires collaboration with capital goods producers,
in which event the increase in the provision of capital goods domesti-
cally, to be considered later in this chapter under the topic of localiza-
tion, may still come about.

D. The Construction Stage

If some of the economies in capital cost arose through the successful
completion of negotiations with foreign suppliers, others, no less
marked, arose through the rapid completion of construction, once
begun, Again the most vivid illustration, and probably the most dra-
matic, comes from the case of POSCO. Not only has POSCO brought its
construction to completion faster than firms in other countries, but
also it has accelerated from event to event: 38 months were taken to
construct the initial plant, 30 months to construct the second, 29
months the third (and that of more than double the capacity of the sec-
ond) and 24 months the fourth. Statistically, the benefits that accrued
to POSCO are impossible to estimate, but the direct savings in interest
on the capital committed and the indirect savings via the quicker avail-
ability of domestically-produced iron and steel would have been sub-
stantial.

E. The Stage of Starting-up and Operating the Equipment

A quick rise to full (equals design) capacity output indicates a speedy
absorption of the technology, and a successful one as well; a slow rate
indicates the opposite. The experience in our four industries is general-
ly one of rapid absorption and successful production, the exceptions
being explained mainly by a lack of demand for the products.

For these two stages in the process of incorporating a technology we
have data that are comparable across three of the four industries cov-
ered by our cases. For artificial fibers we have only qualitative informa-
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tion. Table 1, the first of the tables summarizing the results of our case
studies, provides the data on the speed with which facilities were
brought into operation, expressed as the instantaneous rates of output,
relative to the capacity built into the equipment, achieved at various
dates after the initial start-up. The clearest pattern to emerge, and the
one giving the strongest indication of an ability to absorb the technolo-
gy. occurred in the case of iron and steel, where full capacity operation
was achieved at each successive stage of expansion after shorter and
shorter intervals.

Somewhat surprisingly, the opposite pattern, where the attainment
of full capacity operation took longer for the second than the first plant,
occurred in the case of petrochemical. To be sure, the second plant, at
Yeocheon, had larger capacities than did the first, but the same was
true for the facilities producing iron and steel. Of the possible reasons
for the slower attainment of full capacity operation in the second petro-
chemical plant, vis-a-vis the first, the demand factor is probably the
most significant; the engineers and managers at Yeocheon, in 1980
and 1981, were not under the same pressure to generate output and
satisfy market demands as had been the engineers and managers at
Ulsan, in 1973 and 1974.

Insufficient demand to spur production is an important factor, al-
though perhaps not of such overwhelming significance, in the cases of
diesel engines and the first excursion into the polymerization of the
artificial fiber nylon. In these two cases technical difficulties also arose,
and could not be eliminated swiitly because of a lack of experience. In
the case of artificial fibers certainly, and in the case of diesel engines
probably, the necessary experience has since been acquired, although
in the latter case this presumption cannot be supported by statistical
evidence, relying as it does solely on the claims of the engineers in-
volved. Nevertheless, the utilization figures in, say, the column headed
‘1 year’ are markedly higher than those encountered in plants incorpo-
rating advanced technologies in other developing countries; overall, we
conclude that the Koreans have skillfully started up their facilities and
swiftly brought them to fruition.

F. The Stage of Securing Improvements

The next stage in the process of incorporating a novel technology is
that of improving upon its operation. With regard to improvements we
have collected a wealth of descriptive material and some measures of
resulting increases in efficiency. The many improvements are listed in
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the studies of each industry; they impressed the investigators by their
variety—improvements in the design and construction of equipment, in
the operation of the techniques, in maintenance, in the use of raw
materials and energy, in the quality of the products manufactured and
in the potential of the installed equipment for still higher rates of out-
put.

All these types of improvements can be measured by a single index,
that of reduction in total cost of production. This measurement is
reported in Table 2 for the manufacture of petrochemicals at Hanyang’s
first plant at Ulsan, for polymerization of nylon and polyester at Kolon’s
two plants at Taegu and Gumi, and for iron-and steel-making in
POSCO’s facilities at Pohang. No measure is available for diesel
engines. The first set of measures, that for petrochemical, is the most
detailed and the most accurate; it shows that a significant reduction in
cost occurred through the stretching of equipment, so that it was able
to yield outputs greater than those for which it was originally designed.

Obtaining rates of output in excess of those for which the equipment
was designed does not generally show up in figures on cost reduction,
yet can be of considerable importance. Occasionally one hears of equip-
ment which, with some modification, is operated at a rate well above
that for which it was designed: via improvements its potential to pro-
duce output has been substantially increased. Any measure of the
direct cost of operation will not capture the improvements; one needs a
measure of total cost, after allowance for fixed costs and overheads.
Measures of total cost are even more difficult to extract than those of
direct cost, and in multi-product and multi-plant firms are more diffi-
cult to estimate accurately. Moreover, rates of production in excess of
design are often not observed until several years after the start-up of
the equipment, when its capabilities have become fully understood. In
only one of the cases we investigated had several years passed, and so
the significance of this type of improvement could not generally be
assessed. In one case, however, that of the petrochemical, polyethyl-
ene, production rates in excess of design were achieved in as short a
space of time as a year, and maintained at approximately 30 per cent
for the following five years. It may, of course, be that the equipment
incorporating the polyethylene technology was over-designed initially
and had 30 per cent excess capacity built into it, but this seems rather
unlikely in such a well-known and frequently employed technique.
Credit must be given to the operating firm for extracting more output
from its equipment.
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The stretching of equipment was probably also significant in the
securing of reductions in average unit cost of manufacture for artificial
fibers and iron and steel, although this conclusion can only be subjec-
tive, since the cost data cannot be disaggregated. Moreover, the overall
estimates of cost reduction for artificial fibers and iron and steel in the
last column of Table 2 cannot be taken too precisely, since they were
obtained only by deflating current costs for the effect of inflation, and
since they did not make any allowance for increases in the variety and
quality of the products manufactured. This latter type of improvement
may be quite substantial, although absent from these two sets of mea-
sures. Certainly it would add support to our contention that, in these
three cases, the effect of improvements in the employment of the im-
ported techniques by the Korean firms has been impressive indeed.

G. The Stage of Developing New Products and Techniques

The final stage in the incorporation of imported technology is the
research and development that leads to its being superseded by a
superior technology. In our investigations we did not encounter any
such supercession; nor did we expect to, since all the technologies
employed were, at the time of their adoption, highly advanced, repre-
senting the highest state of the art in the developed countries.

In each of the industries we studied there have been major innova-
tions between the time when the Korean firms first installed their facili-
ties and now. All these innovations were carried out in the developed
countries. In petrochemical and iron and steel, the innovations took
the form of new processes, namely the polymerization of polyethylene
at low pressures (producing so-called ‘linear’ low-density polyethylene)
and the continuous casting of steel. The two Korean firms, Hanyang
and POSCO, kept themselves informed of these developments and
installed them on the next occasion that capacity was expanded.

In artificial fibers and diesel engines, the innovations have taken the
form of new or improved products, such as fish nets, tyre cords and
artificial turf in the case of nylon and engines with better combustion
properties and higher horsepower-to-weight ratios in the case of diesel
engines. The Korean artificial fiber firm, Kolon, adopted the new prod-
ucts soon after they emerged in the developed countries, but the diesel
engine manufacturer, Daewoo, was frozen in the increasingly obsolete
design. Awareness of the innovation there was, and appreciation of its
effect on engine design and performance, but the ability to imitate the
innovation was lacking.
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In our studies, however, we did encounter research and development
groups in every firm. Although not engaged in fundamental research,
out of which an innovation might eventuate, the groups were generally
performing useful functions, chiefly through investigating the charac-
teristic and production modes of products that were novel extensions of
their existing product lines. Co-polymers at Hanyang; aromatic poly-
amide and ultra-fine yarn at Kolon; new construction equipment to be
powered by diesel engines at Daewoo; these were the sorts of develop-
ments that were being advanced by the research groups. To us, the
allocation of technical resources to these types of research and devel-
opment seemed proper.

H. The Absorption of Imported Technology

As measures of the rate of absorption, the speed and intensity of use
and reductions in costs through improvements have much to recom-
mend them; yet they are only partial measures, covering only two of the
several stages involved in incorporating a foreign technology. Table 3 is
devoted to all the stages of incorporation, from planning and negotia-
tion to the conduct of research and development for new products or
techniques, and displays a nearly uniform pattern. The data in Table 3
can be read vertically, down each entire column, in order to observe
differences across industries in the extent to which Koreans have par-
ticipated in each of the stages: they can also be read horizontally,
across each row, in order to observe differences across stages. These
two readings suggest that the Koreans have entered more in the stages
of construction, start-up and operation and improvement than in the
earlier stages of design, and in the later stage of research and develop-
ment; and that there are not great differences in participation across
industries.

More interesting than comparisons down entire columns or across
entire rows are comparisons across rows within a single industry. For
the three industries (petrochemical, artificial fibers and iron and steel)
with multiple rows, signifying more than one incorporation of a tech-
nology, the general pattern is of increasing participation from earlier to
later installations. This progress in participation is seen most promi-
nently in the case of iron and steel, in which there has been a general
movement from partial to complete reliance on Korean engineers in the
majority of the stages. If we think of absorption in a dynamic sense, as
an increase, from installation to installation, in participation through-
out the process of incorporating a technology, than all three cases
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demonstrate an ability on the part of Koreans to absorb foreign tech-
nology. This is our major conclusion regarding the absorption of new
techniques.

L. The Diffusion of Imported Technology

In the four cases we studied there was no diffusion of manufacturing
techniques. This was the result of deliberate action on the part of the
Korean government: had the Korean government chosen to encourage
the construction of small-scale plants there would have been more dif-
fusion, but the government preferred, rightly in our estimation, to
exploit the substantial economies inherent in large-scale operation. As
a consequence, adoptions of imported technology have been limited,
chiefly to one firm. Had we chosen different industries, characterized
by many competing firms employing simple technologies on a small
scale, we would have been able to draw some conclusions on the diffu-
sion of imported manufacturing techniques; but our choice of indus-
tries, characterized by single firms employing sophisticated technolo-
gies on a large scale, precluded this.

Knowledge of the capabilities of the products manufactured through
the imported technology has diffused to customers. What diffused was
chiefly information on the nature and performance of the products they
were buying, through such media as conferences of producers and
users, trade journals and visits by technical salesmen. So far as we
could judge, this diffusion of this limited technological information pro-
ceeded adequately.

Of more significance, in our opinion, has been the diffusion of the
technology to institutions supplying resources to the adopting firm.
The main supplying institution is the industry manufacturing capital
goods in Korea. Encouraged by the government's policy of stimulating
local production of capital goods, firms adopting foreign technology did
communicate their needs and commissioned the purchase of domestic
capital goods, usually those of a simple nature but occasionally those
of considerable complexity. Complex capital goods were ordered from
domestic suppliers when time was short and when the supplier was
willing to work closely with the customer, welcoming the customer’s
engineers in its own factory.

The data for capital goods supplied to the petrochemical firm Han-
yang and the iron-and steel-making firm POSCO are summarized in
the top and bottom rows of Table 4. Revealing is the success that
Hanyang had in obtaining replacements for worn-out capital equip-
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ment, the easiest form of domestic capital goods manufactured since
user are already familiar with the equipment and since the producers
have at hand prototypes (the original pieces of equipment, manufac-
tured abroad) with which to work.

POSCO’s success in shifting the source of supply of new capital
equipment in successive expansions of its plant is impressive. The
increase in the percentage supplied domestically was largest in the
fourth stage, which, significantly, was (for the blast furnace and the
continuous casting line) a replica of the third.

These same conclusions—a relatively greater success in reproducing
or copying existing equipment than in building novel equipment, and
an increasing degree of localization with successive installations—have
been reached by the authors of a detailed study of the procurement of
power plant equipment in Korea (Lee, Jin-Joo and Sharan 1985). From
twelve observation, two of small-scale thermal power plants, seven of
large-scale thermal plants and three of nuclear plants, the authors
found that the domestic portion of total expenditures on engineering
design and on capital equipment fell as one moved from smaller plants
incorporating simpler technology to larger plants incorporating more
complex technology. Moreover, with the passage of time, the portion of
total expenditures undertaken domestically on similar sized plants of
identical technology tended to rise.

The remaining rows in Table 4 refer not to the localization of capital
equipment but to the localization of intermediate products used in final
manufacture. The gradual replacement of foreign by domestic compo-
nents is a familiar characteristic of assembly industries in developing
countries, and so the increase in domestic supply of diesel engine com-
ponents is not surprising. What is complimentary to the Korean com-
ponent manufacturing industry is the high proportion reached in
recent years.

Not appearing in Table 4 but encountered in two separate cases,
were once-and-for-all substitutions of domestically-produced for im-
ported raw materials. Ethylene dichloride (EDC), produced at Yeocheon,
displaced imported EDC in the synthesis of vinyl chloride monomer
(VCM); and caprolactam, produced at Ulsan, displaced imported capro-
lactam in the polymerization of nylon. The extent to which these two
examples of the localization of production were conditional upon the
diffusion of VCM and nylon technologies was negligible, however, since
the technologies for both EDC and caprolactam manufacture and use
had to be imported in their entirety.



SEOUL JOURNAL OF ECONOMICS

222

18-6461

0'ge sweg swreg afers ypy
9T ureg ureg 8.-9.61 9fels pig
g'a1 sureg sureg 9.-vL61 98e1s pug
yuawdinbas 1ejdes jo angea [ej01
Jo a8ejuaoaad e se ‘juswdinbs
[o Al paimogmuew-A[edo] Jo anjeA yuawdmba reydes moan €2-0.61 age1s 18]
12918 pue uoI]
(¥861)06
(€861)68
(1861)22
6261)99 anfea Aq saseyoand
(£261)0G [210} Jo aFejuadiad se "3 (W9¥80Q dulsuo)
G261)0% ‘sjusuodurod orpsowIop Jo saseyolInyd  sjenajew pue sired ‘sjusuoduio) ¥8-G/61 saurdug] [9s91(]
uswdmnbs rende) LL-YLBI ueld uesyn
[o1 72 1s00 rended ur fueg (uSe1opreurdLio jo juawaoerdoy SIEJA [EOIWAYD0I19]
%
UOT}eZI[ed0] JO IINSBIN uostredwio) jo siseg  A[[E00] Paplaold S90IN0say Jo odAl  pa1sao)) pouisd Ise)

AlddNS J0 NOILVZITVOO']T 40 ARADA AT1V], AAVINNNG
¥ a1av],



TECHNOLOGY TRANSFER 223

The last direction of diffusion of imported technologies has been
abroad, to countries less developed than Korea. In two of the four case
studies, artificial fibers and iron and steel, we encountered examples of
the transfer of Korean construction and operating in conjunction with
the transfer of the ‘core’ technology by its original American or Japa-
nese supplier. The historical pattern of transfer abroad—the Korean
firm supplying the more easily learned part of the technology and the
original foreign supplier, with whom the Korean firm had established
bonds when it, the Korean firm, first incorporated the technology, sup-
plying the more difficult part—is the same that Japan had followed in
its first exercises in technology transfer abroad some ten years previ-
ously (see Ozawa 1971, for a contemporary report).

IV. Comparison with Japan

In brief, we find the processes of incorporating a foreign technology
to be similar in both countries, but the agents through whom the
incorporation is accomplished to be different. Japan’s lead, in terms of
years over Korea, varies from a decade or so in the absorption of oper-
ating techniques to a longer period in mastering the ‘core’ technology.

To start with, both countries seem to have intended to adopt the
most modern techniques in existence. In the case of the Koreans, this
intention can be documented; in the case of the Japanese, it must be
inferred from their actions, both in visiting modern plants in the more-
developed Western countries and in quickly imitating the techniques
that they encountered there.

Given that both countries selected the most modern techniques, the
necessity to import most of the technology and to absorb the novel ele-
ments therein automatically arose. In Korea the process of absorption
was approached systematically, the government assuring itself that the
contracts negotiated with the foreign suppliers contained clauses relat-
ing to the acquisition of patents, designs and know-how; to the train-
ing, both abroad and on the site, of Korean engineers and managers; to
the speedy replacement of expatriates; and to access to improvements
in the products and processes. The government also made certain that
the terms in the contracts were fulfilled.

We do not know, from the evidence available, the extent to which the
absorption of foreign technologies was approached systematically in
post-war Japan. We would expect there to be more variation in ap-
proach, because the initiating agent in the acquisition of the technolo-
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gy was more likely to be a private firm than the Japanese government.
We do not know what the government’s policy and behaviour towards
the absorption of imported technology was.

Looking at the speed with which the speed with which the different
stages in the process of absorption were carried out, we find a similar
pattern in the two countries. Most swiftly learned were the stages of
constructing, starting-up and operating the new techniques, followed
by the carrying out of improvements and by the design of separate
pieces of equipment. Learning the ‘core’ technology and applying it to
the overall design of a facility took still longer; and longer still, so long
that it is only now being undertaken in Korea, did process and product
innovation. i

When we turn to the subject of the agents responsible for the adop-
tion of foreign technologies we begin to see substantial differences
between the two countries. In Korea, at least until 1980, the govern-
ment has been the primary agent; in Japan it seems to have been, in
the era since the Second World War, large private firms. The number of
foreign suppliers of technology scrutinized by the agents seems to have
been greater in the case of Korea, for two reasons; first, there was a larg-
er universe by the time the Koreans, as latecomers, entered the market
for technology. The second reason stems from the thesis that it has
been the private firms in Japan which have been the chief agents,
firms, which in many industries are nearly as numerous as the foreign
suppliers. The first Japanese firm has usually approached the innova-
tor of the technology. The license is usually exclusive, so the first imita-
tor in Japan has had to search for a second foreign supplier, among a
possibly small number of suppliers. As the process of adoption contin-
ued, each successive Japanese firm was matched with a different for-
eign supplier. At any point in the process, therefore, the Japanese firm
wanting to adopt a foreign technology is likely to face no more than a
few alternative suppliers, whereas the Korean firm faces many. We
would expect the Koreans to be in a better bargaining position as a
consequence, and to extract better terms from the supplier finally cho-
sen; but this hypothesis, like others involving the financial aspects of
technological choice, cannot be tested with the data we have.

One financial matter that does not require more data than we have
available is that of the binding capital constraint. Korea's industrializa-
tion has been constrained by its ability to raise capital abroad, to such
an extent that the success of negotiations with potential supplier of for-
eign technology has often turned on the provision of capital, both loans



TECHNOLOGY TRANSFER 225

and equity. The Japanese firms that have adopted foreign techniques
have become large and profitable through previous operations, and so
have usually been able to finance imports of technology themselves.
Thus technology is a singular import for Japan, whereas it is a joint
product, combined with capital, when imported into Korea.

Before we end this comparison of Japan’s and Korea’'s incorporation
of foreign technology we should admit that we have left out of consider-
ation grander social and political factors such as national aspiration,
linguistic and cultural unity, racial homogeneity, educational back-
ground and international tensions, in which, from the Western point of
viewing at least, the two countries seem to have been remarkably simi-
lar. We should also admit that we are, where Japan is concerned, woe-
fully ignorant of the role that government had played during the post-
war era in the incorporation of foreign technology.

V. Conclusion

When we began our inquiry, we did not realize how dependent the
success of the absorption of the foreign technology was upon precise
terms obtained by the Korean government in its negotiations with the
foreign suppliers. The Korean government could have behaved in differ-
ent ways, as do governments of other developing countries: it could
have been passive, accepting whatever terms the foreign supplier
offered; or it could have negotiated just as firmly but for different
terms, terms which might have enriched a small fraction of its citizens
while leaving the remainder no better off. We believe that in either of
these cases the absorption of the imported technology would have been
less successful, and the benefits to the entire economy less substantial.
To put this as succinctly as possible, we are persuaded that a major
determinant of the ability of a developing country to absorb an import-
ed technology is the preferences of its government, as reflected in the
terms that it imposes upon the foreign suppliers. If these terms are
output-and employment-oriented, the country’s ability to absorb the
technology will be enhanced; if these terms are profit-and publicity-ori-
ented, the country’ ability will be reduced.

We feel quite confident in drawing this conclusion regarding the
strategic importance of the adoption of the foreign technology. Of the
verity of the remaining conclusions we are less confident: to the extent
that the study has failed to uncover important aspects of the absorp-
tion and diffusion of imported technologies the conclusions will be
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questionable; to the extent that the study has been restricted in its
coverage of industries the conclusions will be limited; and to the extent
that the study has concentrated on relatively sophisticated technolo-
gies employed in large-scale plants the conclusions will be particular
and not general. It might have been possible to have drawn more upon
other studies, directed towards other industries, and covering primitive
and intermediate technologies, but we prefer generally to rely upon our
own analysis. What we have relinquished in breadth we hope we have
more than compensated for in accuracy. In other words, our conclu-
sions stem from our discoveries and our analysis, for whose correct-
ness we take full responsibility. They do not take account of the studies
and conclusions of other research workers.
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Comment

Joonghae Suh*

Although economists have long been aware of the importance of tech-
nology in explaining the processes of economic growth, the under-
standing of the technological change until recently remain quite limit-
ed. The recent advancement in economic theory enables economists to
be equipped with the methodological tools to shed new light on the
puzzles in technological change. The achievement of economic theory,
however, seems to be somewhat disappointing. Its contribution is to
give a big picture in which details are omitted. There are various rea-
sons. At least, two disappointing reasons are worth to mention. One is
that since most of recent theoretical achievements are mainly based on
the concept of equilibrium the dynamic aspects of technological change
still wait for future explanation. The other is that compared with the
seemingly brilliant achievement of economic theory the empirical inves-
tigations are not popular partly due to the shortage of adequate data.
Professor Park’s paper is pleasingly a welcoming piece of gem filling the
gap between theory and data.

Professor Park’s paper reveals both merits and limitations of the case
studies. The merits come from that they are based on vivid facts which
can give details of technological change, while the limitations result
from that the facts are sometimes very fragile, in other words, the facts
lack in some cases generalization and raise difficulty of interpretation.
In this respect I have some disagreements with Professor Park.

Firstly, the objective industries of Professor Park’s case study have
one common aspect: the theoretical innovations in these industries are
very rare and, consequently, competitiveness naturally depends on the
plant’'s scale of operation. Let us take petrochemical industry as an
example. Nylon was invented in 1935 and Polyethylene in 1938. During
the past three decades British Petro-Chemical Co., one of the world-
wide leading petrochemical producers, made only one true innovation
notwithstanding numerous patents. The market is big-sized and
secure, and the products are already standardized. The price is set
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worldwide and the material input is the same. Hence newly established
plants must produce to the full capacity, sometimes above the design
capacity, in order to outperform existing foreign competitors. Another
source of competitiveness is the life span of plant. Roughly they count
the life span of petrochemical plant as about 20 years. The working
days of obsolete US and Japanese plants are about 300 days per year;
the remaining days are devoted to repair the plants. Newly constructed
Korean and Chinese plants are running 380 days per year. Some frac-
tion of 80 day running of Korean and Chinese plants are due to the
newness of plant. Therefore running to full capacity at the early stage
of operation does not necessarily mean the speedy absorption of tech-
nology. Some fraction of remaining 80 days are due to the newness of
plant. Hence the age of plant should be included in his model.

Secondly, it is highly probable that the performance measure of each
firm is overvalued. All those four firms have heavily depended on
imported technologies. Technology transfer is not accomplished in one
shot; usually it takes several years. For example, from 1970 to 1988
POSCO had made 32 contracts of technology imports, among which 19
contracts were with Japan, 4 with USA and 4 with West Germany. A
typical one was made in 1976 with Japan: the contract composed of
productivity quality control of the first, second, and third plants, and
furnace repairment for lump-sum royalty payment of $4.65 million
with 4 year duration. As is shown in this example the importation of
disembodied technology includes various kinds of technological sup-
ports such as operation technique, training of engineers, evaluation of
performance and supplying newer information. Therefore the resulting
learning effects cannot be totally attributed to the domestic accom-
plishments. The foreign contribution should be counted. An additional
item of B,

Thirdly, to what extent can we refer the absorption of transferred
technology? It seems to me that Professor Park infers the concept of
absorption in a narrow content. He writes: ‘a quick rise to full capacity
indicates a speedy and successful absorption of technology.” But I have
a reservation here. In his case study it is well documented that the lack
of design capability is phenomenal in all four industries. It is widely
acknowledged that the core of industrial technology lies in design capa-
bility, Not equipped with design capability can we say that we master
the transferred technology? My answer is in the negative. The reason to
raise this issue is closely related to the developing countries’ strategy in
technology transfer. Because of the various reasons when negotiating
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technology transfer the involvement in design stage is not a main agen-
da. However, from a view of longer term., the learning of design tech-
nique is essential in developing indigineous technology. The examples
are abundant; korean car industry.

Lastly, the role of government should be evaluated on more general
ground. I fully agree with Professor Park on the function of govern-
ment. Attaining the policy goals the Korean government was apparently
very effective. But I imagine that is, instead of pushing heavy-chemical
industries which are production-oriented and characterized as bigness
and monopoly, promoting, for example, pharmaceutical industry which
is science-based and basically favourably oriented toward small/medi-
um scale firms, the growth might be slower but the result quite differ-
ent from that of today’s. In sum, since today’s industry structure is, at
least partly, the result of government’s industrial and technology poli-
cies the evaluation of the role of government needs to be based on
wider perspective.

Even though I have some different interpretations of the case studies,
overall I fully appreciate the contributions of Professor Park’s paper,
Especially the identification of various learning channels of imported
technology so often neglected by economists is a one-step progress in
economics profession’s understanding of the process of technological
change.



