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PREFACE

This Report supplements the report of the Illinois
Institute of Technology Research Institute on the pilot
project "Application of Industrial Technology Developed
under NASA Auspices to the Needs of a Developing Country"
which was supported by the Office of Science and Technology.
It has been issued as a separate report, however, since
this type of analysis should have applicability to a broad
range of technology transfer activities.

The Report wae prepared for the Office by Joseph
Mintzes, an economic consultant. Assistance given to him
"by the Department of Commerce, NASA, and the Illinois
Institute of Technology Research Institute is gratefully
acknowledged.
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IMPACT ON THE UNITED STATES ECONOMY
OF TRANSFERS OF TECHNOLOGY
(Pilot Program in Korea)

Introduction

The purpose of this paper is to examine tne potential
impact on the United States economy of the transfer of tech-
nology under a pilot project supported by A.I.D.'s Office
of Science and Technology [PASA TA (2A)-70). This project,
which began in June 1970 and continued through 1972, provided
for the transfer of American technclogy primarily from data
banks containing aerospace and rolated technoloyy to the
Korea Institute of Science and Techvology (KIST). Among other
roles, KIST promotes the adaptaiicn of technclogy from suitable
foreign sources to the needs of Foroan industry. Experience of
KIST under this pilot project is being considered for possibie
application in other developing ccuntries, particularly in
Asia and Latin America. The objective of the pilot project is
to demonstrate whether recently developed technology can be
introduced into developing countries through a dcliberately
structured technology transfer program and thus enable them to
"leap frog" some intermediate developm2nt steps.

This report has been prepared in light of a growing
concern expressed by some branches of Amnrican industry and
varticularly trade union spokesmen that the accelerated trans-
fer abroad of United States technology in recent ycars has
reduced the competitive position of certain Amcrican lndustrics
in domestic and foreign markets. These spokcsmen claim that
the worsening international trade position of the United Statos
in recent years and the unemployment proklems of workers in
affected industries are to a considerable degree attributable
to the rapid international diffusion of American technology.l/
Tt should be noted that these concerns are raised primarily with

L/ For example, see the submission by Nathaniel Goldfinger,

- AFL-CIO economist, to the Commission cn [nternational
Trade and Investment Policy, United States International
Economic Policy in an Interdependen’z World, Papnrs, vVol.
1~ (GPO) Washington, D. C., 1971, pp. 913 ff.




respect to the operations abrcad of American-based multi-
national corporations. The debaics and related proposals
surrou ding these issues have guos-ioned a long-standing
American policy favorina the unimpeded international flow
of commercial technology.Z/ Although transfers of the
type envisaged in the afcorementioned pilot project have
not been questioned specifically in the public debates on
the narrowing of the so-called "technological gap," it was
nonetheless deemed desirable to air some of the possible
issues involved, in view of the brond concerns raised in
these discussions.

With these concerns in mind, this report attempts to
assess the potential impact of technology transfers envis-
aged under the A.I.D.-financsd pilot prnject, particularly
on the electronics industry which has been emphasized in
this project. A number of data prohlems make meaningful
projectiony difficult with respect to the possible trade
and related employment effects for the products that might
be affected by the specific transfers envisaged in the
projects., For one thing, it is still too earliy a stage in
the transfer process te determine which technologies will
be successfully adapted for Korean commercial application.
Even when assuming successful completion of the transfers
(i.e., actual commercial production of prototypes develop-
ed by KIST), Korean trade statistics and plarning targets
are not refined enough to provide needed data. For pur-
poses of this stuly, trade trends for the electronics
industry -- the sector of emphasis for KiST's activities
under this project -- and related Korean »lanning targets
are utilized to provide some indircative backgrourd. How-
ever, it should be noted that the transfers which may be
brought about by the pilot project under even the most
optimistic assumptions could only be a minor factor in such
trends for the five-year period covered by this paper.

2/ The proposed purke-liartke Bill (52592 arnd HR 10914)
includes a broad provision (Title IX) that would
authorize the President to withhold the transfer of
United States technology abroad if it is jucdged that
such prohibition would contribute to increased United
States emplovment.



The study, nevertheless, reviews the rclevance of

broad patterns of international! diffusion of technology

to the industries that miqght eventually be affected by the
transfers. The possible impact of *he transfers on trade
patterns affecting the United States is considered. It
examines briefly the relative advantages and disadvantages
to the United States of possible alternative sources of
these or similar technologies for Korea.

KIST in_the Korean Economic Sciting

Korea, as one of the mor:» cechnically advanced develop-
ing countries. (together with such countries as Brazil, India,
Taiwan and Mexico) ha: reactod a point in its development
where an up-grading of its industrial technology could be
of considerable importance witii reupect to further progress
toward self-sustained economic growth and altimate entry
into the ranks of the develupeld countries. Gver the past
five years, Korean GNI' ha= riscr at about 14 porcent
annually -- one of the highest qgrowth rates in the world.
Currently, domestic capital formatic: i. about 18 percent
of GNP annually, ana forcign capital represents roughly
12 percent of GNP. Neverthless, against this background,
Korea, with a $278 annual per capita GNP in 1971, is still
a "poor" country -- only a little above the average level
for the less developed countries as a group. It is not
well endowed with natural resources and its jindigenous busi-
ness community tonds to be conservat.ve and disinclined
toward innovation. In contrast tc most developing countries,
Korea is favored with a relatively low and declining popu-
lation growth rate (now at about 2 rercept  pPer year). It
has a relatively high literacy rate of 60 pcrcent with a
supstantial number of post-secondary school trained pro-
fessional and technical personnel.

Korea's exports have becn increasing dramatically,
rising at about 30 per cent annually during the past
five years. About 80 per cent of its $1 billion in
exports are in manufactures. Its chronic trade gap
has been leveling off as recent growth trends in im-
ports have been at only about half the annual export
expansion rate. Government policy has favored supplies
for export industries and capital equipment under se-
lective administrative controls over imports. The Third



I'ive-Year Economic Development Plan calls for a quadrupling
of exports, which stond at $882 millicn in 1970, to $3,510
million when this planniog period ends in 1976. Exports

in shipbuilding, chemical and eslectronic industries are
expected to rise most rapidly.3/

The Plan emphasizes ths un-grading of manpower and
the conscious advancement of science and technology. KIST
15 identified as an element i1 Korea's planned research
and development efforts during the planning period in which
"...foreign technoleogy will he adopted on a wider basis so
as to increase tha techniceél standards and international
competitive power of local industrinss'4/ the Plan notes
that Government R & D prograis nave been disuppointing,
universities and colleges have lackes funds for basic re-
search, and private enterprise has done little because of
small size and undue dependence upon foreign partners.
Anong major policy measuras announced for this five-year
pericd to improve the technical competitive capability of
Korean industry sare: tax incentives, increased international
technical cooperation, furthe: support of research institu-
tions, and improved industry-education cooperation.

With this background in mind, it would be useful to
examine briefly the histovy of KIST an< its expected role
in the Korean economy. The idea of KIST grew out of
President Park's state visit to the United States in 1965
that led to a follow-up mission to Korea by Dr. Donald F.
Hornig, then the President's Science Advisor. The purpose
of the latter's mission was to advise on joint steps that
could be taken by the two governments in drawing upon avail-
able United States science and technology to strengthen
the Korean economy. A.I.D. subsequently carried out aspects
of & proposed action prcgram develcped as a result of
Dr. Hornig's mission. The pilot project is a small but

3/ The Third Five-Year Plan for Economic Development (1972-
1976), Government of the Republic of Korea, Seoul, 1971,
P25

éf‘ &i_g*! P. 85-
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unusual element in this program (i.e., it represents an
American contribution of $150,000 plus a Korean outlay of
about $200,000 for an 18-menth program; KIST's operating
budget amounted to $2.8 millicn in 1970).

KIST was formally established in 1966 by the Korean
Government as an element in th= national policy for up-
grading the application of modern *technology by Korean in-
dustry. Its role includes identify.ing avpropriate foreign
technology and interesting Korean industry in adapting it.
KIST undertakes certain R & D activities for client enter-
prises that lack in-house capabilities. A sizable staff
of over 500 professional, :cchnical and scientific personnel
are employed by KIST. 'Thus, the pilut project is onlv part
of KIST's over-all efforts. While the pilot project wuas to
be completed near the end of 1972, links with United States
institutions were expected te continuce and the United States
experience and expertise to be available to provide nceded
guidance of KIST's efforts with respect to follow-up.

The Pilot Project with KIST

The A.I.D.-financed NASA pilot project provided Korea
with some modest technological assistance in its industri-
alization program. Through the services of the Illinois
Institute of Technology Research Institute (IITRI), under
contract to NASA, aerospace-related technology was made
available to KIST. To date, this project is the only inter-
national technology transfer activity undertaken directly
by NASA with a developing country thrcugh its Technology
Utilization Office. This office administers a broad program
for making N2SA-developed technology aveailable to American
firms and various governmental subdivisions. 5/ American

5/ A separate NASA program, under the Assistant General
Counsel of Patent Matters, promotes the licensing of
NASA-owned inventions in various foreign countries
"....to enhance the economic interest of the United
States, and to advance the international relation-
ships of the United States." Licenses are individually
negotiated under this program with foreign applicants
and cover the usual commercial terms of patent licen-
sing.
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firms are usually the intermediary in international trans-
fers of NASA technology (for example, to Japanese firms)
under normal comma2rcial licensiro arrangements.

The main elements in the pilot project were: (1) iden-
tification of problemsz or problem arcas currently limiting
growth of Korean incustry; (2} training of Korean special-
ists of KIST to use avcilable NASA services regarding tech-
nology utilization; (3) identification of suitable aerospace
and related technology to match the identificd problem --
drawing on NASA data banks and evalvating information
obtained; (4) follow-up visits by “orean specialists to
NASA facilities and United States industrics where such
technology is being utilized; (5) adaptation by XKIST of
identified technology to meet Korean industrial require-
ments hetter; and, (6) decision by Korean industry to
apply the technologies in querstion commercially. A trans-
fer of technology is considered achieved when stage (6)
above has been completed.

In practice, KIST identified wha*t it considered to
be potentially commercially useful technology for Xorean
industry and, in turn,bought to bear its resources to
produce an adaptation which can be¢ commercialized. So far,
KIST has identified all of the "problems" or industrial
technological requirements to be examined by the pilot
project. However, Korean industry is being cncouraged to
identify new problems that could be submitted to KIST..
It is expected that KIST's experience in servicing Korean
industry in this manner will stimulatec additional transfers
of technology after the completion of the pilot project
per se.

To implement the pilot project, XIST identified a
number of “problems" that might draw upon available NASA
technology. Among these, the following received in-depth
follow-up, including in some cases th= vroduction of proto-
types: (1) miniature transceivers; (2) high sensitivity
transceivers; (3) tantalum solid electrolytic capacitors;
and, (4) the technology of inductorless circuits. More
limited follow-up was given to: (5) the retort pouch
(flexible can); (6) survival rations; (7) carbon monoxide
elimination; and, (8) explosive metal forming.



In terms of possible commercial application much in-
terest had centered on item (3) =-- the tantalum solid
electrolytic capacitor. Three Xorcan manufacturers of
electronic components have been contacted by KIST and arc
interested. However, Xorean authorities claim thev want
to wait until a domestic market esitimated at $1 million
annually is definitely assured.6/ This cautious approach
may also reflect a concern over the eventunl competitive-
ness of the product. At this time, no agreement has been
reached for commercial production. The retort pouch (item
(5) above) has also been discussed in some depth with pro-
spective Korean commercial interests. KIST has adapted NASA
transceiver technology for some military applicaticns and
has produced prototypes of possible civiliar commercial
versions. KIST R & D efforts have not yet produced commer-
cially applicable results in inductorless circuitry. About
$100,000 in R & D contract work has been performed by £IST
for the Korean government and industry on commercial appli-
cations of these technolegies. 1% estimated that, if
successful, the resulting increase in industrial sales would
amount to about $3 million annually over the next few years.
Most of the new output wculd go to the domestic market to
substitute for imported items or for the expanding internal
market.

Early in the program, KIST decided to concentrate its
efforts in the electronics industry and use this experience
for demonstraticn purpcses in other incdustries. This
decision was based in part on the emphasis placed on the
electronics industry (together with machinery and shipbuild-
ing) by the Third Five-Year Plan with respect to export
expansion possibilities for Korea. Applicable aerospace
technology was located in the course of the carly period of
the program and KIST was of the opinion that the Xorean
electronics industry was adequately advancnd to receive
such technology.7/ In view of KIST's emphasis but still
limited progress in actual transfers of technology, this
report will draw mainly on background relative to the
electronics industry in examining the potential impact of
possible technology transfers on the United States cconomy.

6/ KIST memorandum, "Report on Potential Hard Transfer
MM-4, Tantalum Solid Electrolytic Capacitors, Yoon
and Lee,"

1/ IITRI Semi-Annual Report, June 23, 1971, to December
31, 1971, p. 8.




Transfers of Technology and ‘I'rade

A considerable bhody of literature has appeared on the
impact of the transfer of technolrgy on trade, covering
theoretical concepts as well as some examination of empiri-
cal data.8/ Some of the conclusions, which appear most
relevant to this study, are reviewed below.

Most observers agree that the international diffusion
of technology has become increasingly more rapid since
Wworld War II than before. Thus the time in which monopoly
benefits of an innovative advantace can be exploited has
been significantly reduced.9/ However, the times required
for innovation transfer vary conciderabliy among countries,
reflecting largely their relative levels of economic de-
vielopment. (The time factor, in effect, could be considered
as a development indicator.) FIox example, Jack Baranson of
the Vorld Bank fourid in his study of diesel engine manufac-
turing in India that the transfer of marufacturing capabili-
ties which took less than two years in the case of Japan
will take at least 15 years in India.l0/ The levels of
advanced skills (including engineering, organizational and
managerial capabilities)in the various countries are of
critical importance with respect to the time required for
effective commercial exploitation of new products. IITRI
noted that the time scale from prototype to a2 manufactur-
ing capability is longer in Korea than in more developed
couritries largely due to skill training requirements.

Some deficiencies in needed skills in developing cocun-
tries can be filled by foreign personnel, either on a

8/ See, in particular, items 5 and 8 in the Bibliography.

9/ Raymond Vernon uses a rough estimate that this time
factor has been reduced in half since the pre-war
period. See "U. S. International Economic Policy in
an Interdependent World," Papers Vol. I, p. 941.
Item 9 in the Bibliography

10/ Jack Baranson in "Technological Factor in International

Trade," edited by Raymond Vernon, National Bureau of
Economic Research, New York, 1970, p. 65.
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commercial or government technical assistance basis, and

thus accelerate transfers. With respect to electronics,
American trade union economists claim that the multinational
corporations have been the principal instrument for such
facilitated transfers, citing examples of subsidiaries and
licensing arrangements in Taiwan, Singapore and Hong Kong

as important recipients of commercial assistance of this type.

Although times required for innovation arc not available
for LDC's, the period of adapting an innovation in the elec-
tronics industry has been reduced from 3.9 years to 1.2 years
in Japan and from 2.6 to 1.6 years in the United Kingdom
from 1951-1957 to 1958-1963.11/ Not only are transfers more
rapid among developed countries than among the less developed,
but as Almarin Phillips noted, in . trictly economic terms
technology transfer among the developed countries may have
greater payoffs to them than transfers between them and the
developing countries. He notes that eco,;omic and institu-
tional forces mitigate the incentives for new production
methods in the developing countries.l2/ (This factor, of
course, is one which KIST is trying to overcome in Korea) .

These differences in innovative times, largely reflect-
ed in so-called "technological gaps," have been increasingly
scrutinized by economists and government officials in ex-
plaining changing trade patterns among countries. This
new technological factor has tended to modify the generally
accepted comparative advantage concept in trade theory that
assumed non-differentiated inputs of land, labor and capital
in the production of countries. The technelogical factor
helps to explain which among their products countries are
best endowed and thus would export; or, conversely, least
endowed, and import. The relative advantages of countries
in the technological factor have been variously described
in terms of a combination of the education, skills and

11/ John Tilton, in National Academy of Engineering
(NAE) Symposium, (Bibliography item o 0e e

i

12/ il Do 5

('
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experience of the working population, R & D inputs, inno-
vative attitudes and organizational and managerial capa-
bilities. Nearly all develped countries and increasingly

the developing countries have been focusing attention on

this factor. 13/ In the Korean Five-Year Plan, as noted
above, policy for science and technelogy and KIST's role
therein were discussed largely in the context of the possible
trade implications.

Raymend Vernon's product cycle theory could help
explain the probable pattern of international technological
transfers under this pilot project. The early monoply ad-
vantages in international trade to the innovative country
(the United States in this case) have been largely realized
for the types of technology involved. Imitators in Japanese
and Western European electronic industries have entered the
world market focr these or similar products. United States
firms have estabiished subsidiaries or developed licensing
arrangements with foreign producers to supply foreign markets
as well as the domestic United States market with electronic
products of this technological sophistication taking advantage
of the relatively low wages anc marketing opportunities abroad.
The diffusion of technology in electronics has widened and
extended to developing countries, notably Hong Kong, Taiwan,
Singapore, Mexico and Korea. AS a result, the comparative
advantage enjoyed at one time by the United States and other
develcoped countries for certain electronic components and
products is passing down the line to newly developing countries.
As this takes place, further innovation in this rapidly changing

8% For example, the Organization for Econocmic Cooperation
and Develupment (OECD)has devoted considerable atten-
tion to the technological gap and its activities in

the science and related educational fields have dealt
with various aspects of this subject, primarily from
the viewpoint of the developed countries. The United
Nations Institute for Training and Research (UNITAR)
and the United Nations Conference on Trade and Develop-
ment (UNCTAD) have considered aspects of the subject
with respect to interests of the LDC's.

=
L

I

10




industry is introduced in the United Stotes and other
developed countries. The vroduct cycle process begins
all over again for the new n»nrodvcts -- only, the time
within which it is taking nlace is constantly shortening.

ror Korea, Japan is likely to continue to be the st
important intermediary in the transfer of technoloay, as
well as the most immediate target for proddinag in the com-
petitive world market. According to a recent UNITAR
study 14/ on the role of Japan in technology transfers to
the developing countries, Japan's competitive trade position
has declined for cotton textiles, tableware, wigs and
leather products, as production know-how was acquired by
various developing countries for these products. While
not cited in the report, it has becn evident that the
Japanese trade pcsition for electronic components and pro-
ducts are being similarly affected by LDC competition.
This "chasing-up" effect of competition from the developing
countries has encouraged Japan to move into more advanced
technologies much in the same way that Japanese competition
affected the United States and Western Europe.

Despite the entry of important Japanese and Western luropean
competition, the United States has maintained technological
leadership in the electronics industry throughout the post-
World War II period, according to an OECD study on the
technological gap.l5/ American inventions revolutionized
the industry -- first with the transistor in 1947 and sub-
sequently with integrated circuits in 1960. The United
States industry has been heavily oriented toward a large
domestic market which served as its base for profitable
expansion into an important export market. America's com-
petitive position has been preeminent in the so-called
"active" components industry that comprises transistors

14/ “"Japanese Role in the Trarsfer of Technology to Develop-
ing Countries," United Nations Institute for Training
and Research, Research Report 7, United Nations, New
York, 1971, pp. 25 ff.

15/ Gaps in Technolocv -- Zloctroni< Components, part of

a series of studies by the Crganization for Economic
Coovers=ion and Developmen®, “2-iz, 1968.

- -
\
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and intearated circuits. Japanese nroduction has been
relatively more important for the "raassive!" components such

as capacitors, resistors and relays. According to the OLCD
study cited above, American exports of active components led
those of Japan by $109 million to $20 million in 1966; in the
same vear Japanese exported $123 million in passive components
to $85 million for the United Statecg.

i ]

If the Japanese pattern is followed, it 1s probable
“hat Korean capabilities that will he most affected by the
silot project are in the passive group of components and
in the production of electronics communications equipment
such as transceivers. Increased XKorean commercial capa-
5ility in this sector would impinge more on Japanese markets
(and possibly those of Hong Kong, Paiwan,tetc.)ifinithe
United States and elsewhere rather than serve as a direct
displacement of American output. Indirectly, the push of
new entrants such as Korea into the world market for
electronics will affect all the other producers that had
heretofore enjoyed a technological advantage. The immedi-
ate impact might benefit the trade balance for the United
States vis-a-vis Japan, since Korean trade would reducce
Japanese dollar earnings. As a result of the pilot pro-
ject's technology transfers, some displacement by the United
States of Japancse capital equipment exports as well as
components to Korea may also occur. In the long run, how-
‘ ever, the impact of the Korean industry's cntry as a possible
supplier in markets for higher technology electronic con-
ponents may be offset by the continued innovative leadership
of the United States, Japan and other developed countries
until Korea's stage of development is far enough advanced
to sustain an innovative, rather than an imitative, industry.
Ac that time, Korea will have reached the eccrciiic develop-
ment status of a developed country.

Although most trade economists agree that an unimpeded
international flow of technology is generally beneficial
in the long run to all participants in a largely self-
- regulating international cconomic system, a numbcr of indus-—
try and particularly trade union authorities have questioncd
this view. Besides challenging the assertion that the

l——l
N




system is self-regulating by pointing to the substantial
portion of trade subject to national restrictions (particu-
larly a wide range of non-tariff barriers, as well as
foreign exchange controls), they ncote that assurances with
respect to the long run do not provide much comfort to
relatively immcbile workers faced with serious hardships

in those industries affected by foreign competition. These
critics claim that the rapid transfer of technology unduly
increases the competitive advantage of foreign countries
with considerably lower wage standards than those of th2
United States. The concern of lapor in affected industries,
as noted earlier in this report, relates mostly to the
transfers involving the multinational corporations. In
particular, the latter's production and assembly plarts for
electronic consumer products (e.g., radios, television sets,
etc:) in Taiwan, Hong Kong, Singapore, Mexico and Korea
have been critized. Views of industry spokesmen are mixed,
depending largely on the international production and mar-
keting positions of their particular conpanies.

Korean Trade Patterns

Korean interzst in improved technology is closely
geared to planning goals that call for a marked improvement
in trade balances which have been consistently in deficit.
Since 1968, the Korean trade deficit has been running in
excess of $1 billion annually. Although there has been
some improvement in Korea's trade balances in the last few
years, imports were still slightly more than twice the
level) of exports in 1971. Korea's major imports are food
and raw materials; while her current exports are mainly
in plywood, cotton fabrics, silk, and fish products. The
United States has been Korea's principal customer, taking
roughly 50 per cent of her exports in 1971. Japan, as
Korea's principal supplier, provided over 40 ver cent of
the latter's imports the same year.

13



Korea's Principal Trading Partners

1970 1971 1972 (4 months)
‘Millions of dollars)

Exports to:

United States 395 53 188
Japan 234 262 928
Hong Kong 28 42 17
Viectnam 13 15 4
Imports from:
United States 585 678 . 205
Japan 809 954 266.
lilong Kong 20 20 9
West Germany 67 74 25

Total Commodity Trade (including the above, as well as
other trading partners) :

EXports: a35 1,068 392
Imports: 1,984 2,394 714

Trade Balance: -1,149 -1,326 -322

Source- A.I.D. Data Book, Office of Statistics and Reports,
Agency for International Development

Korean trade policy reflected in the Third Five-Year
Plan calls for import restraint and a greater diversification
of exports with respect to markets and products. (In 1971,
for example, a substantial amount of textile exports were
reportedly diverted away from the United States, which had
applied increased restrictions,tc Europe and elsewhere.)
The plan emphasizes an expansion of manufactures which are
expected to rise from 84 to 90 per cent of total exports.
Chemicals, electronic components, shipbuilding and machinery
industvries are identified as the main contributors to this
planned export expansion.




Yorean Plans for Electronics Exports and Possible Impact
on United States Industry

As part of the Economic Development Plan, Korean ex-
ports of electronic components are expected to grow at an
annual rate of 39.4 per cent during the five-year period
to reach a level of $452 million in 1976 which will then
represent 12.2 per cent of total exports.l6/ Electronic
exports amounted to $55 million in 1970 and accounted for
51.8 per cent of the Korean electironics industry‘s output.
By 1976, exports will represent 71 per cent of the industry's
production.l7/ Thus the rapid growth of the electronics
industry will be heavily criented to export expansion.
Domestic demand is also to be encouraged through tax incen-
tives in order to help make the industyy moro competitive
internationally.

As an additional stimulus to exports, the industry is
expected to widen its production capability -~ presumably,
developing a self-sufficiency in complete production (as
opposed to assembling imported components). For example,
mention is made in the plan of the development of complete
production during the planning period of eight household
appliances (including radio and TV sets) and 16 industrial
items (including calculating wachines). There is also
reference in the plan to the development of 41 major com-
ponents, including integrated circuits and transistors.
Contrary to the pattern of other developing countries,
cited above, Korea apparently is attompting to move into
the production of active as well us passive electronic com-
ponents. Other aspects of the pian for ‘electronic export
oromotion include the stockpiling of raw materials, stand-
ardization and quality control and inducements for foreign
capital and technology. A significant portion of KIST's
resources are devoted to these export objectives. However,

16/ The Third Five-Year Economic Plan (1972-1976), Govern-
ment of Korea, Seoul, 1971, p. 24.

N
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it is difficult to assess tne importance of KIST's help
in the overall export expansion efforts in the industry
and tne role of the pilo* project in KIST's contribution.

Information on the specific Korean import requirements
for the expansion of the electronics industry is not avail-
able. The categories of "Capital Goods" and "Raw Materials
for Exports" are emphasized in the Korean import plans for
the five-year pveriod as contrasted with imports intended
for domestic use. The sources for such imports and the
commodity composition are not provided. If present patterns
were employed to derive a rough estimate, imports from the
United Staces would amount tc about $1.1 billion, or
approximately 28 per coent «f the $4 billion total level
of imports estimated for 1976 by tho plan. "The categorion
of "Capital Geods" would amount to 27 percent and "Raw
Materials for Exports" would represent 33 percent of
total imports in the plan. Information is not available
on the proportions of the latter two categories that would
be destined for the expanded slectronics industry.

In view of the announced plans of the Korean authori-
ties to diversify the output of their electronics industry
and the foreign .narkets for its exports, along with other
factors not related tc this study that would affect trade
patterns, it is not possible tc project with any degree of pre-
cision the likely impact of Korean electronics exports on the
United States industry. Takinag what would probably be the
most extreme possible general impact on the American market,
the application of current Korean export flows would result
in a United States import level of $225 million for elec-
tronic components and products in 1976. To determine the net
impact,an unknown amount should be deducted from this level
for the probable displacement of Japanese and other imports
into the United States as well as possible resulting increases
in American exports of capital equipment and component parts
to Korea.

This maximum possible level of imports intc the United
States would appear to be relatively small against a
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domestic output tor electronics and related equipment that
amounted to about $28 billion in 1971 and that is projected
by the Commerce Department to reach about $37 billion in 1975.18/
Imports into the United States for electronic products -
amounted to about $2.1 billion and exports were roughly $2.7
billion in 1971. Compare:le estimates are not provided for
imports and exports in the Commerce Departmeni: projections
for 1975. However, the following output estimates for the
leading import and export sectors,respectively, could reflect
trade trends. Domestic output of consumer electronic pro-
ducts is expected to decline to $3.7 billion in 1975 or
almost 7 percent below the 1971 level and electronic computer
output 1is expected to rise to $7.2 billion in 1975 or about
48 percent above the 1971 level. For 1971, United States
imports in electronics were concentrated in the consumer
products categories (about %5 percent of the total imports
for the industry) and exports were concentrated in electronic
computers (about 85 percent of the total electronic exports).
In summary, trade patterns for electronic products will pro-
bably continue this marked trend during the period ahead

with the United States industry's strength greatest in
electronic computers and least in consumer nroducts. In

view of the magnitudes involved, the over-all Korean impact
is not likely to be significant.

Although available data and information on planning
targets cannot indicate the possible impact on specific
sectors of the American electronics industry if technology
transfers are eventually realized in connection with the
pilot project, trade patterns for these sectors over the
long run could be affected in varying degrees in t' e fol-
lowing ways: (1) the possible increased exports into the
United States could displace or reduce the share of the
domestic market served by American manufacturers, particu-
larly if KIST's R & D efforts gave Korea a clear, techno-
logical advantage in trade for certain components (e.g.,
tantalum electrolytic capacitors, inductorless circuits,
etc.); (2) similarly, possible Korean exports could cut
into third markets formerly supplied by the American
industry; and, (3) Korean exports could displace other

18/ Based on data in the U.S. Industr:al Outlook 1972,

—— Bureau of Domestic Commerce, Department of Commerce,
Washington, D. C., 1972. Data for Electronic Comput-
ing Equipment (SIC 3573) were combined with that for
Electronic Equipment and Components (SIC 3651, 3652,
3661, 3662, and 3671).
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country suppliers (e.g., Japan, Taiwan, Hong Kong, Singa-
pore, etc,) of the United States market and third country
markets without a significant direct impact on the American
industry. The overall impact on the industry would, of
course, be muted by the displacement of other foreign com-
petitors (3, above) and by possible resulting increases in
United States exports of electronic equipment and components
and earnings from licensing fees.

The significance of the possible impact of the technolo-
gical transfers in question would also depend to a considerable
degree on the competitive nature of the American electronics
industry. This industry has been characterized as being one
of the most innovative in the American economy. 1t is
goenorally rocognizod that United Stater defense and Rpace
related R & D and procurement: have been of major, |1 nol
critical, importance in the International tecinologleal
preeminence of the industry. Besides the production experi-
ence in large Government procurement programs (representing
about 45 percent of sales in 1971), much of the res ltant
technology found ready application in commercial markets --
notably in civil avaitizn, electronic computers, communications
equipment, radio, television, and high fidelity sound repro-
duction. The industry with its advanced technological
capability has directed its attention to the sizeable and
rapidly expanding commercial market in the United States and
abroad. As noted above, imports in recent years have been
heaviest in the relatively less sophisticated consumer pro-
ducts while exports have been predominantly in the more
complicated electronic computers.

Despite the past favorable competitive position of
the American industry, particularly in its technologically
advanced sectors, concerns have been expressed by American
labor spokesmen over the employment impact of foreign
competition. They note that imports tend to be concentrated
in labor intensive products (such as consumer items --
notably radio and TV receivers) manufactured often in re-
latively isolated areas where alternative economic
opportunities for workers are limited. These current
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plant locations frequently reflect earlier moves from
large urban centers by a competitive industry in search
of lower labor costs. Trade union observers also believe
that the competitive advantage of the United States 1is
eroding rapidly by accelerated technology transfers in
the more advanced sectors of the industry, particularly
as a result of the expanding operations of multinational
corporations.

To a considerable extent, recent declining employment
trends in the industry can be attributed to tre cyclical
cconomic decline that affected United States employment
gqenerally. Total employment 4n the iondust ey dropped from
A peak of 1,253,700 In 1969 to 1,070,700 to 0971, Dome
of these employment losges are due to dmport compel ition
as well as further mechanization of output of consumer
items such as TV receivers in an effort to overcome labor
cost advantages of foreign competitors. lHowcver, industry
spokesmen expect employment to grow steadily with the
resumption of economil expansion, especially for repalr
and maintenance personnel needed for complex electronic
equipment and for engineers and scientists working on
R & D. 19/ The net impact on employment of foreign
trade is difficult to assess from available employment
statistics. Apparently the loss of employment for con-
sumer products has been only partially offset by increased
employment in higher technology products in recent years.

The following table pcincs up some emplcyment pro-
blem areas in the American electronics industry:

19/ "Electronics Market Data Book 1972", Electronics
Industries Association, Washington, D. C. 1972
pp. 95 ff.
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Estimated United States Employment in

Electronics-Related Industries, 1967-1971

(thousands of employees)

Percent
change
1967 1969 1971 1969 - 1971

Radio & TV Reczivers

(SIC 365)* 156.3 154.6 135.9 -12.0
Communications
Equipment (SIC 366) 510.9 525.1 440.1 -16.2
Electronic Components
& Accessories (SIC 367)384.9 410.1 332.6 ~-18.9
Electronic Computing
Machines (SIC 3573) na 163.9 170.1 + 3.8
** Total 1,052.1 1,253.7 1,078.7 -13.9

Source: Estimates based on data from U.S. Department of Labor
in Electronics Market Data Book 1972, o. 95.

* Standard Industrial Classification categories employed
in U. S. industrial statistics.

* % Excluded from total are estimates for SIC codes 3611,
3622, 3643, 3693, 3699, 3811, 3821, 2822, and 3931
since these contain major non~-electronic product
categories.

During the recent cyclical peak year of 1969 for the
clectronics industry as a whole, employment in "radio and
television rcceivers" had dropped somewhat from 1967 levels
—-— contrary to trends for all other branches for which

data were available. As noted above, in addition to direct
displacement by foreign competition in this sector, tcch-
nological improvements in mass production methods designed
to help meet foreign competition, have also contributed

to lower employment requirements. Industry spokesmen claim
that moving some production processes overseas has enabled
American plants, which otherwise would be obliged to close
completely because of foreign competition, to continue

some operations. Employment for the entire industry was
affected by the general economic recession in the period
from 1969 to 1971 during which the average employment drop
amounted to about 14 per cent. Employment for the other-
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wise rapidly expanding electronic computer industry was
also affected by this factor, showing only a modest in-
crease of less than 4 percent over this period, and also

to major consolidations in the industry in 1971 -- notably
with RCA dropping out of electronic computer production.
This sector of the industry had reached an emplcyment peak
of 190,000 workers in 1970 (not shown in the table).

Bureau of Labor Statistics employment data through
September 1972 largely reflect recovery expectations. Small
increases in employment, averaging about 4 percent, were re-
corded for radio and receivers (SIC 365) over comparable
months in 1971. Employment for communications equipment
(SIC 366) was still slightly below 1971 levels through Sep-
tember 1972. Employment for electronics components (SIC 367)
had risen to about 7 percent above depressed 1971 levels in
September. Electronic computers (SIC 3573) cemploymoent
apparently reached a trough in May of 1972 and was at aboul
1971 levels by September.

While there is no assurance that thesec production and
employment trends will continue over the next five years for
these categories ot industries, 1t seems very unlikely that
the transfers of technology envisaged under the pilot
project would have a significant impact on United States
markets and employment in the industry as a whole. The
still modest position of Korea in world electronics trade
patterns at the end of the five-yernr period (assuming
planning targets are met) weculd limit the impact even if,
as seems improbable, the pilot project transfers were to
make a major contribution to Korean electronic exports
during this relatively short period.

For one thing, as noted above, the process of innovation
in a developing country tends to move at a slower pace than
in the developed countries. Relatively slow progress in
the commercial adaptation of KIST-developed tachnology by
Korean industry to date bears this out. Furthermore, if
Korean industry follows the patterns of other countries
which have become producers of elactronic components, initial
production costs will be high until experience is developed.
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As a relatively late imitator, Korea might benefit to some
extent from the experience of the United States, Japan and
other producer countries. However, not all such experience
is transferable. During similar periods in the learning
process of other countries, a minimum level of a domestic
market for output had to be assured to help cover learning
costs. Government procurement advantages and various
protectionist devices have been employed to provide such

a base. As experience develops, lower costs enable the
imitator to enter the world market profitably. 20/

In the case of one of the most hopeful of potential
transfers of NASA-developed technology, the tantalum
electrolytic capacitor, KIST reports that an assured
domestic market remains a prequisite before firms will
agree to move into production. Since the learning process
is still ahead for the Korean firms that are likely to draw
upon this and possibly other NASA-originated technology,
there is little prospect that the pilot project transfers
will result in significant inroads into the United States
industry's domestic or third country markets in the
period of the five-year plan. Nonetheless, KIST and the
pilot project are likely to have a positive impact on the
electronics industry and possibly Korean industry generally
beyond the relatively short five-year period. For a longer
range time framework, KIST's major contribution could very
well be the stimulation of an innovative climate in Korean
industry and thus help the country move more rapidly into
the developed country category.

Beyond the five-year period ccvered by this study,
possible transfers of technology envisaged under the pilot
project could affect some individual United States firms.

20/ John E. Tilton, "Internationalpiffusion of Technology:

The Case of Semiconductors,” Brookings Institution,
Washington, D. C., 1971, pp. 38 ff,
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This would be the case in situations where American
enterprises are specializing in a few products and do not
have the capability of diversifying their output or are
generally not innovative. Such firms would also be

affected by more innovative domestic competitors as well

as by other foreign competition, It is beyond the scope

of this paper to examine possible remedies for such firms

and for workers who would be affected by possible foreign
competition due to transfers of technology or other

causes. 21/ An examination of one or more specific

cases of the most promising prospective transiers (e.g.,

+he tantalum electrolytic capacitor when its status is
clearer) might help to determine the impact on American firms
producing the same rroduct. The characteristics of the
particular firms affected and their respective labor

forces would provide some additional insight into the
possible impact and reactions in shared markets in which

the Korean firms might compete. Among other factors, the
likely process of adjustmernt and probable reactions of
other foreign participants in the same markets would also
be examined.

Despite the lack of evidence of possible injury to
United States industry that would result from transfers
envisaged under the pilot project, it is useful to
consider briefly possible alternative sources open to
XIST and the Korean industry for the same Or similar tech-
nology. Much of the NASA technology in question could be
obtained by them directly f£rom NASA or through American
£irms under technical assistance and/or licensing arrange-
ments. This would change little from the pilot project
dpuroach except for the promotional role of IITRI in
ferreting out appropriate technology. In either case,
KIST could provide needed R & D, if deemed desirable.

21/ Interested readers are referred to trade policy lita-
ture dealing with adjustment assistance and in
particular to relevant sections of, "United States
International Economic Policy in an Interdependent
Woxrld," papers and report of the President's Commission
on International Trade and Investment Policy, Washing-
ton, D. C. (GPO) , July 1971.
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The economic effects would not be much different except
for fees to the private sector for services provided by
the pilot project.

Alternatively, and what is more likely, the Korean
industry would continue to look to Japan as the primary
source for new technology and to Japanese industry for
conmercial relations. Japan now provides Korean industry
with ¢ substantial amount of technology as reflected by
its r:i-latively large share of total Korean royalty payments
under licensing and technical assistance arrangements.
According to information supplied by the American Embassy
in Seoul, such payments to Japan amounted to $1,649,300
or over 60 per cent of total royalty remittance of
$2,677,400 in 1971. Remittances to the United States
amounted to $969,900 or slightly more than haif of the
Japanese level. Of the 285 technical assistance and
licensing agreements entered into since 1962, Japan ac-
count for 199 and the United States for 64. Electronics
and electrical equipment technical assistance agreements
represent 61 of the total 285; the related communications
field accounts for an additional 18 agreements. Japanese
sources predominate among the licensors. Japan, of course,
has important geographical advantages and its industry has
generally developed more effective business relations in
Korca -- particulaily in servicing tne market -- than have
Amcrican firms. Under this likely alternative, possible
follow-on sales of equipment and royalty feec, of course,
would go to Japan instead of the United States.

Conclusions

Inasmuch as transfers of NASA-developed technology
under the 2.I.D. pilot project have not yet had much
discernable impact on the Korean industry, this study
drew mainly on the plans of the Republic of Korea with
respect to the electronics industry in order to place
in perspective the possible effects of the envisaged
transfers on the United States economy. With this
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impo;tant limitation in mind, the study concludes that the
possible transfers of technology under the project could
have only a marginal effact on the United States market
and employment for electronics and related industries.
Tpis conclusion is borne out even when employing optimis-
tic assumptions that the ambitious export plans for the
electronics industry in the Third Five-Year Plan (1972~
1976) would be achieved and implicitly that technology
transfers under the pilot project would help significantly

in reaching these goals within this relatively brief time
period.

Most likely, any important new inroads into world and
American markets for electronic products by Korea would
be made mainly at the expense of Japan and other exporting
countries. As experience with various developing countries
exporting electronic products (e.g., Hong Kong, Taiwan, Singapore,
as well as Korea) has already shown, Japan and other exporting
countries will probably respond competitively by moving toward
increased production and export of products requiring relatively
more advanced technology. In turn, the United States, which has
maintained technological leadership in the industry throughout
the post-World Was II period, will be subjected to similar com-
petitive pressure.

Lt} spect to the time required to adapt new
:echngisgizz gommercially, it was noted that technology trans-
fers -- even of less-sophisticated technqlogy.than those
envisaged in the pilot project == have historically taken
ionger in the developing than in the developed countries.

The learning process for successfu}ly commerc1gllglng

results of such .transfers is relatively more dlfflcultl

in the developing countries because they lack adequate Yol
trained technical and managerial pgrsonnel, 3 & D fagllltles,
and production and marketing experience. While foreign
technical assistance and probably more 1mpo;tant}y, fgrelgn
direct investment can help to shorten the time, it still

remains very significant.
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Although the general impact of the planned expansion
of Korean electronics exports if achieved would not be
significant for the United States industry as a whole, it
is possible that for certain labor-intensive products some
less-innovative and highly specialized American firms might
be affected. Workers in these firms, particularly in
relatively isolated areas where alternative employment
opportunities are not readily available, would also be
affected. Such firms and their workers are also likely to
be or have been affected by relatively more dynamic
domestic competitors as well as by other forcign imports.
When thc specific products that might be marketed as a
result of the technological transfers under the pilot pro-
ject are known, a case study approach could provide some
useful information on the possible impact on Amcrican
firms and workers that might be affected.

The report noted that the NASA-developed technology
provided under the A.I.D. pilot project could also be
obtained by KIST and the Korean industry directly or
through the intermediary of American firms. The same or
similar technology could also be obtained from other
countries and particularly from Japan, which has been the
major source for Korean technology imports under commercial
technical assistance and licensing arrangecments. If such
an alternative were employed by Korea, the United States
would be les: likely to obtain possible follow-on capital
equipment orders and possibly other advantageous commercial
relations in Korea.

No attempt was made in the study to appraise the
possible general impact of KIST's activities, including
the pilot project's technology transfers, in stimulating
the relatively conservative Korean industry into a dynam’c
and innovative pattern. This possible long-range impac t
is, of course, beyond the time framework of tnis study and,
if realized, would help place Korea in the category of
developed countries.

26



BIBLIOGRAPHY

1) (a) "AID/NASA Pilot Project in Technology Transfer to
a Developing Country -- Korea," Semi-Annual
Reports for June 22, 1970, to December 22,
1970; Dccember 22, 1970, to June 22, 1971:
and June 23, 1971, to December 22, 1971; and
preliminary draft Final Report, October 1972.
Illinois Institute for Technology Research
Institute (IITRI).

(b) “AID/NASA Pilot Project for Technology Transfer to
a Developing Nation -- Republic of Korea,"
Korea Institute of Science and Technology,
Seoul, Korea, June 1972.

2) Baranson, Jack. "Role of Science and Technoloqy
in Advancing Development of Newly Industri-
alizing States," Office of External Research,
State Department, Washington, D. C., 1969.

3) "“The Third Five-Year Economic Development Plan, 1972-
1976," The Government of the Republic of Korea,
Seoul, 1971.

4) "Gaps in Technology," a series of studies prepared
by the Organization of Economic Cooperation
and Development, Paris, 1968 and 1969.

5) "Technology and International Trade," (proc~edings
of a symposium on the subject, Cctober 14 and
15, 1970), National Academy of Engineering,
washington, D. C., 1971.

6) Tilton, John E. "International Diffusion of Tech-
nology: The Case of Semi-Conductors,"”
Brookings Institution, Washington, D. C.,
1971.

27



7) United Nations Institute for Training and Rescarch
(UNITAR), "The Transfer of Technology from
Japan to Developing Countries," by Terutomo
Azawa, United Nations, New York, 1971 (Re-
search Report No. 7). UNITAR, "The Inter-
national Transfer of Commercial Technology
to Developing Countries," by walter Chudson,
United Nations, New York, 1971 (Research
Report No. 13).

8) vernon, Raymond. Editor, "The Technology Factor
in Tnternational Trade, " National Bureau of
Economic Research, New York, 1970.

9) - "United States International Econonmic Policy in
an Interdependent World," report of, and papers
submitted to, the Commicsion on International
Trade and Investment Policy, Government Print-
ing Office, Washington, D. C., July 1971.

(Note: Papers submitted by Nathaniel Goldfinger,
James C. Abegglen and Raymond Vernon,
and Chapter 11 of the Report, "Assist-
ing the Developing Countries Through
Trade and Investment," are particularly
relevant to this study.;

28



