terpersonal one, will be a heavy one.
The more potent the drug, the more
sustained its use, the more likely is
there to be an increase in side effects,
the unanticipated and unwanted conse-
quences of drug use.

Drug giving and drug taking repre-
sent all too brittle and undiscriminat-
ing responses, and ultimately, in our
view, they will breed only more frus-
tration and more alienation. Changing
the human environment is a monu-
mental undertaking. While seeking to
change cognitive shapes through chem-
ical means is more convenient and
economical, the drug solution has al-
ready become another technological
Trojan horse. :

The ultimate task is to alter the
shapes of human relatedness and social
arrangements that determine the con-
text and the substance of our existence.
To maintain, as do significant groups
within the pharmaceutical industry, the
medical profession, and the youth cul-
ture, fhat this can be accomplished
merely through chemical means is
indeed to have fallen victim to mysti-
fication.
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the relationship between technology
and economics.

Three major interrelated economic
consequences have flowed from these
developments. The first, as Cooper has
pointed out, is the increased inter-
dependence among national economies
and the consequent greater “sensitivity
of foreign trade to changes in economic
conditions” (7). The second is the en-

hanced role of technological innova-

tion in economic growth and competi-
tion. The third is the rapid expansion
abroad of the corporations, primarily
American, that are best equipped to
take advantage of the new conditions
of the world economy. These develop-
ments have in turn produced in all
major industrial nations a concern that .

. they will be left behind and that they

must formulate appropriate strategies
to adapt their economies to the impera-
tives of economic growth and competi-
tion. One English writer has expressed
the problem in this way (2):

The major problem now is seen as se-
curing greater mobility of resources in
order to take advantage of more rapid
technological change. The old fear of the
law of diminishing returns has been re-
placed by the fear that we shall be unable
to take advantage of increasing techno-
logical opportunity.
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There has also been a significant
economic transformation at the do-
mestic level during the past several
decades. The population explosion and
the revolution of rising expectations
have made economic growth a major
goal of governmental policy in both the
industrialized and the lesser developed
nations. For the poorer nations of the
world, expansion of the gross national
product is necessary to survival; for
the developed nations it has become
the primary means of ensuring full
employment and of alleviating domestic
discontent. Underlying the success of
the contemporary welfare state is the
fact that intergroup conflict over the
just distribution of wealth has been
displaced to a considerable degree by
intergroup cooperationt in the achieve-
ment of a higher growth rate. This
substitution of a politics of growth for
one of distribution has considerably
changed the role of the state in eco-
nomic affairs.

These international and domestic
developments have forced the world’s
industrial nations  and especially the
major trading nations to give ever
closer attention to their scientific and
technological capabilities. The result
in many countries has been a series of
moves designed to improve both the
training of scientists and engineers and
the organization of science and technol-
ogy and to make more efficient alloca-
tion of resources for research and de-
velopment. The technological revolu-
tion that has engulfed the industrial
world is indeed requiring nations to
develop conscious and systematic sci-
entific and technological strategies.

To advance or even to maintain
its position as an economic power in
the world today, a nation must formu-
late long-range technological strategies
to deal with certain unavoidable prob-
lems. In the first place, very consider-
able funds are frequently required to
develop even the most elementary sci-
entific and technological capabilities,
and, of course, the investments re-
quired to develop certain areas of
technology are enormous. Even the
most wealthy nations must select for
support specific fields of science and
technology instead of attempting to
compete across the board. Second, the
long lead time between the concep-
tion of a new technology and the pro-
duction stage means long-range plan-
ning and commitments (3). Third,
the rapidly growing appreciation of the
impact of technology on human wel-
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fare and the physical environment is
forcing governments to assess and to
attempt to control the consequences of
technological advance (4).

Economists are now reluctantly ac-
knowledging that differential rates of
technological innovation and diffusion
of new knowledge are major determi-
nants of the patterns of international
trade. As a result of this fact, the
theory of international trade is under-
going a reorientation as dynamic ele-
ments displace the older emphasis on
static factor endowments—Iland, labor,
and capital (5). The international econ-
omy has become characterized by the
increasingly rapid obsolescence of tech-
nologies and the undermining of tradi-
tional comparative advantages. As in-
dustry becomes more science-based and
innovation-oriented, the tradition and
experience of a firm, or indeed of a
nation, are of decreasing utility in the
maintenance of a competitive position.
Even the possession of raw materials
confers less of an advantage than in
the past, owing to the rapid decline in,
the cost of marine transportation. In
fact, today a country deficient in raw
materials, like Japan, can become a
major industrial power, whereas a
country like Sweden must worry over
the declining importance of its iron
ore resources.

Three Strategies

A nation can follow one of three
basic technological strategies in re-
sponse to the challenge of this new
international economy. The first is to
support scientific and technological de-
velopment across the broadest front
possible. A nation following this broad-

~ front strategy seeks to maintain a posi-

tion in all the advanced fields consid-
ered to be of military, economic, and
political importance—especially atomic
energy, computers, and aerospace. This
strategy is, of course, the one followed
by the two great powers, the United
States and the Soviet Union. It is also
the strategy that Great Britain at-
tempted to follow until the early 1960’s
and that France pursued under the
leadership of President Charles de
Gaulle (6). As shall be shown below,
this strategy is undergoing a critical
review in France at the beginning of
the 1970’s.

The second strategy is scientific and
technological specialization. The es-
sence of this strategy is to select for

support specific areas of science and
technology, usually of commercial util-
ity, and to concentrate one’s resources
upon them. In the selected areas an
innovative policy is required at every
stage, from basic research through
technological development. Among the
countries that have most successfully
followed this strategy are Sweden, the
Netherlands, Switzerland, and, increas-
ingly, Great Britain.

In contrast to the first two strate-
gies, which are innovative, the third is
an importation strategy. Emphasis is
placed on importing foreign technology
by the purchase of licenses; in the pe-
riod since World War II, imported tech-
nology has most frequently been Amer-
ican. Although this strategy, like the
second, implies specialization, it differs
in that relatively little basic research
is carried out. Instead, indigenous sci-
entific and technological resources are
concentrated on improving and rede-
signing imported technologies, especial-
ly for subsequent export. The country
that has perfected this strategy is, of
course, Japan (7). In addition, West
Germany has also relied heavily upon
the importation of American technol-
ogy in advanced fields such as com-
puters, atomic energy, and aviation.

A nation’s choice of strategy re-
flects its social, economic, and security
circumstances and objectives; there-
fore, the choice of strategy cannot be
separated from the nation’s broader
domestic and foreign policies. Differing
national strategies can be identified,
but it must be noted that they are not
exclusive strategies but rather charac-
terize the major emphasis of a coun-
try’s scientific and technological policies.
For instance, the United States obvious-
ly cannot do everything; Sweden does
imitate in some areas; and Japanese
firms, for their part, do innovate. Fur-
thermore, each strategy entails its own
peculiar risks and opportunities, and,
as the cases of France and Japan at-
test, the consequences of choosing the
right or wrong strategy can be mo-
mentous. Indeed, a nation’s strategy
may change as its circumstances, ca-
pabilities, and objectives change over
time.

An analysis of the strategies followed
by four countries—France, the United
States, Sweden, and Japan—illustrates
the alternatives and emphasizes the
significance of choosing the correct
strategy. The experience of these four
countries also illustrates the effects of
changing circumstances on national
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strategies. France and the United States
are examples of countries that selected
the broad-front strategy; the United
States has found it rather successful,
but for France it has proven to be a
nearly unmitigated failure. Sweden ex-
emplifies an exceptionally successful
pursuit of the second strategy of spe-
cialization, and Japan has broken all
economic rtecords in perfecting the
strategy of importing foreign technol-
ogies. However, contemporary develop-
ments are forcing changes; in Japan,
for example, a shift to a strategy of
innovative specialization and perhaps
even to the broad-front strategy can
be discerned.

French Strategy

The basic motif of French techno-
logical policy under both the Fourth
and Fifth Republics has been economic,
political, and military independence.
More than any other European nation,
France has given systematic thought to
the implications of the contemporary
technological revolution for its future
and has sought to develop a national
policy to improve its scientific and
technical capabilities. The French effort
to develop independent French capa-
bilities in the modern fields of science
and technology began as early as 1945.
With the coming to power of Charles
de Gaulle in 1958, these efforts were
intensified, and a decision was made to
exploit these capabilities for the cre-
ation of a nuclear striking force.

To decrease its dependence upon the
United States and to balance German
industrial power, the French have
sought to establish a French capacity
in all the sciences and technologies be-
lieved to be important for military
power and economic competition:
atomic energy, computers, electronics,
high-performance aircraft, space tech-
nology, and so forth. Where it was un-
able by itself to develop the necessary
technologies, such as rocket launch-
ers and telecommunications satellites,
France has taken the lead in promoting
European technological cooperation.
In short, the French sought to compete
against the two superpowers across the
broad front of science and advanced

technology.
However, threats to this policy
existed in certain fundamental but

generally unappreciated weaknesses of
the French scientific and technological
position. When the student and worker
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uprisings convulsed France in the
spring of 1968, these weaknesses were
exposed, and the French- scientific-tech-
nological effort was thrown into what
must be described as its present state
of crisis.

A fundamental threat to the French
strategy of scientific and technological
independence lay in the scarcity of
the resources necessary to progress on
so broad a front of research and de-
velopment. It is relatively obvious that
resources that could have been con-
centrated on potentially new scientific
and technical fields were virtually
wasted in duplicating American or
other foreign efforts. Less obvious be-
fore France’s present crisis was the fact
that the programs were necessarily op-
erating on an extremely narrow margin,
a margin too narrow to withstand any
serious financial or technical setbacks.
Thus, as a result of the inflationary
spiral set off by workers’ wage demands
and of the government’s subsequent
stabilization program, many of these
projects and programs have had to be
abandoned completely or severely cut
back.

The retrenchment that has taken
place has affected the overall level of
support for science and technology as
well as the fate of important programs.
Canceled or at least seriously retarded
were projects in high-energy physics,
aviation, space research computers, bio-
medical sciences, and nuclear weapons
development. The optimistic growth

- projections of the Fifth Plan (1966-70)

were shattered, and, given the effects
of inflation and devaluation of the
purchasing power of the franc, the
consequences for French scientific am-
bitions will be severe (8).

The crisis of French science and
technology provoked by the current
austerity program has been compounded
by general disappointment in the fruits
of the national research and develop-
ment effort. Aside from the remarkable
successes of Marcel Dassault in high-~
performance aircraft (that is, the
Mystére and the Mirage), there are few
if any indigenous innovations in ad-
vanced technology to which the French
can point with pride. Large develop-
ment projects upon which the French
have placed so much hope have suf-
fered drastic setbacks for technical or
economic reasons. The atomic power
program based on natural uranium re-
actors has had to be abandoned. The
huge investment of funds in space has
led to no significant scientific or com-

mercial results; the preponderance of
these funds has gone into the establish-
ment of large ground facilities such as
the Guyana base, whose utility has yet
to be proven. The French color tele-
vision system (SECAM) has failed to be
adopted outside France except in such
as yet unpromising markets as the So-
viet bloc and the underdeveloped coun-
tries; moreover, a large and probably
wasted investment has been made to
solve  technical difficulties of the tele-
vision 'tube. And as for the “Plan
Calcul,” the French are beginning to
realize that the task of making an
indigenous computer is going to be
many times more difficult than they
had initially anticipated (9). The Con-
corde remains as a technical achieve-
ment that can gratify French pride, but
its eventual commercial success is far
from assured.

These setbacks illustrate another dan-
ger in the strategy of scientific and

~ technological independence chosen by

France: the tendency toward the pre-
mature translation of research programs
into the development and production
stages. To create independent French
technologies rather than to depend upon
proven foreign technologies, France

undertook a number of grave risks

which now appear to have been unwise.
Technological innovation is an extreme-
ly hazardous business at best, and for a
relatively small country the risks in-
volved in costly advanced technologies
can be extremely great indeed.

The United States has had two im-
portant advantages over France with
respect to successful innovation: first,
the superiority of American resources
in science, technology, and capital; and,
secondly, its managerial superiority.
Whereas the French must select one
option (or at least a very small number
of options) fairly early in the research
and development cycle and, thus, when
uncertainty is greatest, the United States
with its greater resources can pursue
several lines of inquiry until the uncer-
tainties have been greatly reduced and a
particular technology appears to -be
quite definitely superior; the shift to
prototype development and produetion
can then be undertaken with a greater
assurance of success. Of course, this
more cautious strategy has not always
been applied in- the area of armaments,
and here the United States, locked in
its arms race with the Soviet Union, has
wasted immense resources upon fruit-
less projects such as the nuclear-pow-
ered aircraft, controlled fusion, and
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missile development (/0). But, again,
America’s wealth has given it a large
margin for error.

Furthermore, superiority in techno-
logical management has been a vital
element in America’s technological
- strategy. As Layton has pointed out in
seeking to explain why “Europe’s in-
novations have often been overtaken by
American rivals,” American firms tend
to emphasize basic and applied research
until development and exploitation ap-
pear to be ripe (17). There follows a
concentration of effort which, in the
area of advanced technology, involves
the cooperation of private industry, the
government, and, frequently, the uni-
versity. It is this capacity for concerted
effort rather than any specific mana-
gerial techniques that accounts for the
relatively shorter lead time in the
-United States as compared with France
between new knowledge and techno-
logical exploitation. However, to maxi-
mize their independence from the
United States, the French have gone
from the research stage to development
or even production relatively early in
the evolution of the state of the art.
This method is always a risky business,
and the French have also lacked the
managerial competence to permit rapid
perfection and exploitation of these
technologies before their eventual ob-
solescence due to scientific and tech-
nological advances. This situation is re-
sponsible for a number of the techno-
logical defeats that the French have
suffered.

Perhaps the best illustration of the
several weaknesses in France’s techno-
logical strategy comes from the area
of nuclear power development. In the
early 1950°s France decided to base its
nuclear power industry on natural
uranium. There were technical as well
as historical reasons for this decision,
but primarily it was based on political
considerations. In the first place, a nu-
clear power industry based on natural
uranium would be independent. of the
United States for its supply of fuel.
Second, the “plutonium way,” as it
was called, would provide the fission-
able material for future nuclear power
weapons programs. Thus, at a rather
early date in the evolution of nuclear
power technology, France in a very real
sense cast its other possible options
aside and concentrated its efforts on the
development of the so-called graphite
gas, natural uranium reactor.

In contrast, the United States pur-
sued a more cautious approach. It
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sowed, as it were, many kinds of seeds
and allowed many flowers to bloom
before settling on a preference. Thus
its decision with respect to which type
or types of reactors to exploit for com-
mercial purposes was made at a much
later stage of development. Because the
reasons for these contrasting policies
tell us a great deal about the differing
contexts of French and American tech-
nological policies in this specific case
and in general, it is worthwhile to
analyze them. .

First, the United States (unlike
France) had an indigenous supply of
enriched uranium because of its nuclear
weapons program; therefore, both the
natural and enriched uranium options
were readily available to it. Second,
France saw in nuclear power the op-
portunity to. overcome immediately the
historic shortage of fossil fuels, which
in the past had stunted French indus-
trialization; the United States, on the
other hand, possesses great resources of
oil and coal. Third, -and perhaps of
greatest importance, French nuclear
power development was dominated by
the Atomic Energy Commission (CEA),
whose leadership (largely owing to its
participation during World War II in
the Canadian phase of the atomic bomb
project) was committed to a particular
type of reactor; the one customer in
France for nuclear power reactors, the
nationalized French Electricity (EDF)
had, in turn, to accept what its one sup-
plier could supply. In the United States,
the Atomic Energy Commission en-
joyed no such unchallenged position in
the councils of government; nor did
any such unanimity exist on the best
type of reactor to develop. Congress,
fossil fuel interests, and the several lab-
oratories of the Commission waged a
battle for one type or another. And, on
the consumer side, private industry
brought its own ideas and interests into
the debate over reactor development.
As a consequence, the United States
postponed until much later than did the
French its decision on the types of re-

actors to be developed for commercial -

purposes.

Whereas French nuclear power pol-
icy was motivated largely by politi-
cal considerations, commercial criteria
dominated American policy in the last
analysis. The choice of two types of
light water, enriched uranium-fueled
reactors for America’s first generation
nuclear power plants was based on their

~lower cost relative to other types of re-

actor systems and fossil fuel plants.

Once these decisions were made, Amer-
ican industry in cooperation with gov-
ernment quickly brought these types of
reactors from the development stage
to the production line.

In contrast to the seemingly disor-
ganized but commercially more suc-
cessful American nuclear  policy,
France’s apparently more logical policy
has had a much less happy outcome.
Despite its technical success, the graph-
ite gas, natural uranium reactor is much
more costly and is therefore simply not
competitive with the smaller, enriched
uranium reactors. For this reason, by
1969 the French government had capit-
ulated to the policy of “buying Amer-
ican.” Future nuclear power stations in
France will be American in design and
will be fueled by enriched - uranium
bought from the United States (/2).
Thus, having made the wrong decision
much too early in the development of
the first generation of power reactors,
France can only hope that its candidate
in the second generation competition
(the fast breeder) will be more suc-
cessful.

An analysis of the European coop-
erative arrangements, in which France
has been a leading participant and
through which it has sought to comple-

.ment its national program, also reveals

a series of failures. Intended to enhance
independence from the United States,
these projects” display comparable pat-

- terns of obstacles to effective coopera-

tion. The principle of the “just return,”
by which each nation receives a per-
centage of contracts equal to its finan-
cial contribution to the overall project,
prevents the development of an effec-
tive division of labor, the concentration
of effort, and the efficient utilization of
resources. In every area of importance
each nation seeks to maximize its self-
sufficiency and its advantage at the ex-
pense of the common program. As a
consequence Euratom, the European
Launcher Development Organization

(ELDO), and the European Satellite

Research Organization (ESRO) are in
jeopardy. Even the high-water mark of
European scientific cooperation, the
European Organization for Nuclear Re-
search (CERN), is in serious difficulty
as it plans for the next generation of
nuclear particle accelerators. Nor has
scientific and technical cooperation with
the Russians proven to be the great
boon that de Gaulle thought it would
be. The combination of secrecy and
inferiority in many areas of advanced
technology has made the Soviet Union
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a poor counterweight to the United
States.
Amid the wreckage of their techno-
- logical strategy, the French ask them-
selves where to turn now. As this de-
bate over future direction takes form,
it has been put in terms of stark, un-
doubtedly exaggerated, yet revealing
alternatives: “Having failed in our pur-
suit of independence, do we make our
technological alliance with the Ger-
mans or the Americans? Which poten-
tial ally presents the greater opportu-
nity? Which poses the greater threat?”
On the one hand, there is Jean-Jacques
Servan-Schreiber, author of The Amer-
ican Challenge, who calls for a French-
German industrial alliance against the
United States (/3). On the other, there
is the government of Georges Pompi-
dou, which reversed de Gaulle’s policy
against permitting the entry of Ford
into France and received Henry Ford
with all the pomp and circumstance due
a head of state. For Pompidou, the
lesser evil is to bring in the giant cor-
porations of the New World to balance
the threat of German industrial hegem-
ony in the Old.

American Strategy

In turning to a consideration of
American technological strategy, the
first question that arises is whether such
a strategy actually exists. Obviously,
American corporations and govern-
mental departments, especially the De-
fense Department, have technological
strategies. But does the U.S. govern-
ment as such, with its resistance to na-
tional planning, have a strategy in the
same sense that France does? Indeed,
it is possible to discern a pattern of
practices and objectives which amounts
to a strategy and which has had great
importance in the advancement and
character of American technology.
Three central practices (all of which
are generally absent or underdeveloped
in France) may be identified.

First, one must note the frequent
initiation by the U.S. government of
technological projects considered to be
of public interest but neglected by pri-
vate enterprise for one reason Or an-
other. There are several types of tech-
nological developments where this has
occurred:

1) Developments in which the scale
of investment or of risk is too great for
private enterprise—for instance, atomic
power and supersonic transport.
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2) Other developments with poten-
tial military or political significance—
for instance, computers and space
technology.

3) Still other areas are hampered by
the absence of profit incentive—for in-
stance, pollution control technology,
housing technology, mass transporta-
tion, ship building, and the electric
automobile.

The second common practice is a
maximization of the involvement of
private enterprise in technological ad-
vance, especially through the extensive
employment of the contract mecha-
nism. The extent of this practice is
revealed by the fact that, although the
national government finances two-thirds
of the national research effort, two-
thirds of it is executed by private enter-
prise. Perhaps of even greater impor-
tance in stimulating private enterprise
in its research efforts, however, is the
role of government as the primary con-
sumer of advanced technology and the
consequent creation of an immense
public market and strong demand.
These policies maximize the commer-
cial spin-off of government programs
and stimulate American industry across
a broad front of technological advance.

In Europe, however, although na-
tional governments also play an impor-
tant economic role as a customer for
advanced technologies and although in
aggregate the public market is equal to
that of the United States, the market is

fragmented. Each nation pursues sep- -

arate and independent research and
purchasing policies, and, as a conse-
quence, there is little to stimulate the
rise of large European corporations
equivalent in scale to their American
competitors. Instead, the effect of gov-
ernmental policies is to foster relatively
smaller national industries. Especially
in advanced technology but in many
areas of traditional technologies as well,
there is a tendency toward national self-
sufficiency. Europe is thus handicapped
in areas of modern technology that call
for the creation of large markets and
corporations. |

Furthermore, as P. M. S. Blackett
argues in a critique of British scientific
and technological policies, the tendency
of Great Britain (and, one could add,
of other European countries as well)
to rely on government laboratories and
arsenals for military and other projects
rather than to contract with private en-
terprise has been a major error (I4).
As a result of this practice, many pro-
grams divert resources from rather than

into the productive sectors of the econ-
omy. Although this analysis is an over-
simplification of the situation on both
sides of the Atlantic, the contrast is in
general valid. In this connection, recent
Soviet delegations to the United States
have been extremely interested in the
contract mechanism as a possible solu-
tion to certain of their organizational
problems with respect to technological
development; in particular, the Russians
want to integrate their civil and military
technological efforts and thereby use
their scarce resources more efficiently.
In effect, what the Russians are seeking
is the secret behind the success of the
American “military-industrial complex.”

The study of American science policy
by the Organization for Economic Co-
operation and Development brought out
that the American government’s role as
contractor has had a profound influence
on the development of advanced tech-
nology in the United States. In more
traditional technologies, as illustrated
below, the government’s involvement
has been much less (15):

Areas of extensive government assist-
ance are atomic energy industry; space
technology;snew materials, such as spe-
cial plastics and steels; electronic com-
ponents; and computers, especially in
early phase.

Areas of slight to moderate govern-
ment assistance are power engineering
other than atomic energy; pharmaceuti-
cals; and bulk chemicals.

An area of negligible government
assistance is the automotive industry.

The third common practice in the
United States is the functioning of the
government to bring a new technology
to the point of commercial exploitation
and then turning it over to private en-
terprise to reap the profits. This desire
to give private firms as large a role as
possible is seen most clearly in the area
of atomic power. The government has
removed itself successfully from differ-
ent aspects of the industry as private
enterprise has shown itself capable of
taking over efficiently and economically.
From reactor development and produc-
tion through the processing of irradi-
ated fuels, the government’s role has
receded and has become primarily that
of regulator.

The policies of American govern-
mental agencies are not uniform, but
the overall tendency of contracting,
purchasing, and patent policies has been
to make private enterprises the bene-
ficiaries of public undertakings. Though
the propriety of this practice is ques-
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tionable, the issue of public versus pri-
vate ownership does not concern us
here. Rather the point is that govern-
mental policy has assisted and has stim-
ulated technological developments of
commercial importance and has given
American corporations a comparative
advantage over their foreign competi-
tors in many areas of advanced tech-
nology.

Although this American strategy has
been relatively successful in military,
space, and commercial technologies, it
is coming under increasing criticism. In
the first place, even America does not
have the economic and technical re-
sources to support all projects of im-
portance; it too must choose. Second,
a high proportion of the limited re-
sources has gone into military and mil-
itary-related projects, while pressing so-
cial and economic needs of the so-
ciety have been neglected. Third, the
devastating consequence of technologi-
cal advance for the environment has
suddenly emerged as a major national
concern that has forced even a con-
servative President to stress the elimi-
nation of environmental pollution as a
major national goal.

In response to these American de-
velopments, there is a growing belief
that the United States must give greater
attention to the formulation of a more
explicit technological strategy designed
to increase the social return of its im-
mense investment in science and tech-
nology and to minimize its negative
environmental effects. If this means, as
it might, a slackening of economic
growth, a cutback on military research,
and a decline in commercially relevant
innovations, the consequences for
America’s domestic politics, military
posture, and international trade position
would be significant. For this reason,
the direction of America’s technological
strategy will become an increasingly
important political issue.

Sweden’s Strategy

In contrast to the broad-front strat-
egies of France and the United States,
Sweden and Japan have chosen to spe-
cialize in particular commercial tech-
nologies. The two latter countries differ
in three important respects, however.
Whereas Sweden’s strategy has been
innovative, Japan has rebuilt its indus-
try with technology imported primarily
from the United States. Second,
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Sweden’s technological strategy has
been wholly in the hands of its private
sector with relatively little government
intervention. In Japan, however, the
government’s control over the pace and
direction of technological development
has been extremely important. Third,
whereas Sweden’s policy of armed neu-
trality has been accompanied by an im-
pressive weapons development program,
Japan has placed its security in the
hands of the United States and has ex-
pended relatively little on military re-
search and development.

Sweden’s successful strategy of spe-
cialization in such industrial technol-
ogies as shipbuilding, high-quality steel,
and ball bearings has been developed
in a highly favorable environment. Swe-
den’s industrialists and her socialist gov-
ernment have had an implicit under-
standing of noninterference in each oth-
ers’ affairs; the capitalists foreswore in-
terference in general political affairs and
accepted high taxes to support the wel-
fare state in exchange for a free hand
in building their industrial empires and
in competing effectively in world mar-
kets (16). The immense concentration
of industrial and financial power in the
hands of a few families and banks has
given decision-making with respect to
technology a coherence and direction
(17) that is lacking in the more decen-
tralized society of France. With a few
exceptions, there is a concentration of
technological development and produc-
tion of a particular product in one or,
at the most, two companies, and thus
specialization and decreasing price
competition are enhanced among Swe-
dish firms. Further, the long reign of
the moderate wing of the Social Demo-
crats under Premier Tag Erlander fos-
tered a pragmatic approach to public
policy questions and, consequently, the
lodging of governmental decision-mak-
ing to an extraordinary degree in the
hands of high civil servants (/8).

The replacement of Erlander by Olof
Palme as premier is symptomatic of
impending changes in the conditions
that have influenced Sweden’s techno-
logical strategy; it suggests that the con-
tent of that strategy will itself be altered
in the future. Although there will be no
shift from Sweden’s emphasis on spe-
cialization, there may be different prior-
ities. The new mood in Sweden is one
of ideological reengagement. Is a high
standard of living and a successful ex-
port trade all that socialism means, ask
the intellectuals of the Social Demo-

cratic party. Government, they believe,
should play a more important part in
controlling business enterprise and
should prevent immoral actions like
trade with Rhodesia. With respect to

technology, greater resources should be

devoted to improving the quality of
life, to solving such social problems as
pollution, and to reducing the inequities
of Swedish society. With the aim of fos-
tering the development of socially rele-
vant technologies, the government has
established new agencies such as the
Ministry of Industry and the Board of
Technical Development. To lessen class
differences, education is being reformed
at the expense, some fear, of the types
of scientists and engineers who have
given Swedish industry its traditional
excellence and competitive edge. In a
small (population of 8 million) and
high-wage society such as Sweden, con-
tinued prowess in technological innova-
tions and marketing has an importance
unparalleled in larger and less affluent
societies.

There is, however, an equally impor-
tant international challenge to Sweden'’s
traditional technological strategy. Swe-
den has prospered and succeeded as a
trading nation because of the relatively
free international market. Her superior
performance and competitive prices
have been sufficient to maintain her
strong position in world markets. But
as international commerce becomes
more and more controlled by large
multinational corporations, as govern-
ment purchasing policies increasingly
create the markets for advanced tech-
nologies, and as international trade be-
comes more regionalized as a result of
institutions like the European Common
Market, the position of a neutralist
trading nation like Sweden becomes
ever more difficult. In place of the free
market, corporations and governments
are entering into long-term cooperative
arrangements to develop and to market
modern technologies, especially those of
large scale. Only through such interna-
tional cooperation can a sufficiently
large and guaranteed market and re-
source base be created to achieve econ-
omies of scale. And for Sweden, this
situation may threaten retention of her
traditional political neutrality in the
face of the imperative need to coop-
erate economically and technologically
with her neighbors and especially with
the countries of the Common Market,
including her greatest trading partner,
West Germany.
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Japan’s Strategy

Japan’s technological strategy has
best been characterized as one that
exploits a variety of “technological
niches.” Under the heavy-handed guid-
ance of the Ministry of International
Trade and Industry and with careful
analyses of potential export markets,
the Japanese have purchased from
abroad the technologies through which
they have achieved their impressive rate
of economic growth and export trade.
To achieve their economic conquests,
they have, in effect, employed the same
techniques of close government-indus-
trial cooperation, individual discipline,
and unswerving dedication to the objec-
tive that once enabled their military
conquests (19).

It is now necessary to ask if Japan’s
technological strategy can be main-
tained indefinitely into the future, and,
if it is changed (or perhaps even if it
is not), to ask what the implications of
Japan’s strategy are for the world econ-
omy and the technological strategies of
other nations.

There can be little doubt that Japan,
for all its economic success, is under-
going severe internal difficulties. The
student riots are symptomatic of deeper
problems: neglect of social investment
to improve the quality of Japanese life;
the callous disregard for the physical
environment; resentment over Japan’s
subordinate position with respect to the
United States; and discontent with a
national purpose defined in terms of
doubling the gross national product.
Other more tangible factors also sug-
gest that Japan’s strategy will shift in
the direction of more innovative re-
search and eventually to the broad-front
strategy identified with great power
status.

The first reason to expect more in-
novative research on the part of the
Japanese is the decreasing utility to her
of foreign technology. The gap between
Japanese and Western technology
caused by prewar embargoes and World
War II is rapidly disappearing at the
same time that Japan faces a growing
labor shortage. As a consequence, two
elements of Japan’s formula for com-
petitive success—cheap labor and for-
eign technology—are disappearing (20).
Whereas in the past Japan has had the
best of both worlds, increasingly Japan
is finding itself caught between its low-
cost Asian neighbors (mainly the over-
seas Chinese communities of Taiwan,
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Hong Kong, and Singapore) and high-
technology Western economies. Al-
though the danger of this squeeze re-
mains on the distant horizon, the
Japanese are giving it increased atten-
tion. It will become acute when main-
land China, with its almost unlimited
labor supply, completes its present effort
to reequip its industry with Western
technology and reenters the world
economy.

This situation poses a serious dilem-
ma for the Japanese. Density of popu-
lation and consequent intense pressures
on the environment have forced the
Japanese to curtail population growth
drastically. At the same time, an intense
labor shortage and consequent acceler-
ation of wage rates threaten to under-
mine Japan’s competitive position in
world markets. As a result, there is
growing pressure on the part of Jap-
anese industrialists to reverse the policy
of demographic restraint and to in-
crease the birth rate in order to recreate
a pool of cheap labor (21). This clash
between social welfare and economic
competitiveness will become a domi-
nant theme of Japanese politics, and of
the politics of all other industrialized
states for that matter. The solution of
this dilemma, if one is possible, will be
found in cost-reducing processes, new
products, and more socially beneficial
technologies, and thus greater emphasis
will have to be placed on technological
innovation.

The second factor moving Japan
toward an innovative strategy is the
policy of American and other foreign
firms of writing more restrictive clauses,
including prohibitions against exports,
into licensing agreements. In the future
what will be important for Japanese
firms is not licensing but the establish~
ment of cooperative arrangements with
foreign firms; these long-term corporate
alliances will involve cross-licensing,
capital participation, and joint ventures.
In order to enter such arrangements on
equal terms and to enhance their bar-
gaining positions, Japanese firms must
have their own technology to con-
tribute.

Furthermore, American pressures for
liberalization of the Japanese economy
with respect to imports and especially
for permission for direct capital invest-
ment are forcing the Japanese to shift
to an innovative strategy. One of the
preconditions for Japan’s imitative strat-
egy has been the ability of the Japanese
government to protect the home market

as the exclusive domain of Japanese
industry and thereby to make licensing
the primary mode of access for foreign
firms to Japan’s market of 100 million
population. In addition, by interposing
itself between powerful American cor-
porations and intensely competitive
Japanese firms, the government was
also able to protect the Japanese from
making unfavorable agreements in
order to obtain American technology
and to best their local competitors (22).
(Such tactics have been unavailable to
Western Europe because of the Com-
mon Market and the competition
among governments for American in-
vestment.)

The Japanese fear that, if American
corporations with their superior capital
and technical resources can export free-
ly into the Japanese home market and
can build production facilities there,
their smaller firms dependent upon
American technology will be at a dis-
advantage (23). But to reject American
demands would lead to retaliation and
would deny to the Japanese the excep-
tionally lucrative American market.
Currently, the trade balance is approx-
imately $1.5 billion annually in the
Japanese favor, which provides them
with the surplus to finance extensive
imports of raw materials (24). Loss of
the American market and the conse-
quent severing of Japanese-American
ties would force a drastic reorientation
of Japanese economic, foreign, and se-
curity policies. A more independent pol-
icy in all these areas would necessitate
a much greater reliance upon indige-
nous technology. Thus, whatever the
outcome of American demands for 1ib-
eralization, the Japanese will be forced
to produce more of their own tech-
nology.

The most important reason to expect
a more innovative Japanese strategy—
one that may eventually place Japan in
the broad front of technological ad-
vance—is a combination of political
and military factors. Japan desires to
be in the front rank politically, and,
to achieve this status, a nation must be
capable of producing its own technol-
ogy. Moreover, in an uncertain world
and in her particular geographic posi-
tion, Japan can be expected to be
strong in the technologies upon which
economic and military power rests
today. This relationship between tech-
nological independence and national
power is one that de Gaulle understood
well, but the Japanese appear to have
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the resources and the managerial skills
to succeed where France failed,

What the Japanese seek to become
is the industrial equal of the United
States. It is not clear, however, whether
Japan with its expansive and dynamic
economy will be America’s major eco-
nomic partner in the world or its great-
est competitor. It is certainly the hope
and the policy of the United States, as
expressed by the Nixon Doctrine, to
help Japan become an even more pow-
erful industrial power to counterbalance
China and Russia in Asia (25). Indica-
tive of this policy was the important
American-Japanese Agreement of 31
July 1969 for the transfer of much of
American aerospace technology to the
Japanese (26). Extremely lucrative for
American aerospace firms (approxi-
mately $300 million) and giving them
a strong position in the Japanese econ-
omy, the agreement provides the Jap-

anese with technology that the United

States has refused its European part-
ners, and in the short run it binds the
Japanese more closely to the United
States.

However, the seeds of discontent
and future difficulties are embedded
in the agreement. The Japanese are
forbidden to use the technology for
military purposes, a difficult distinction
to make with respect to aerospace tech-
nology. The Japanese must adhere to
the International Telecommunications
System (Intelsat), an organization con-
trolled by the United States. And, most
important of all, the Japanese may not
export the technology to third coun-
tries, whereas their American partners
presumably may do so.

In the light of developments of such
magnitude, the future relationship of
Japan and the United States will be of

immense importance for the rest of
the world. Although the alternatives
should not be oversimplified as being
only to become partners or to become
competitors, the general character of
the relationship will be one of the most
important factors that shape future in-
ternational economic relations and one
that other nations must take into ac-
count in devising their own technologi-
cal strategies for the next one or two
decades.

Conclusion

It would be presumptuous to suggest
that economic and technological forces
will determine the course of domestic
or international affairs. In the last anal-
ysis, passions rule the world. Nonethe-
less, to a degree perhaps unparalleled
in the past, economic and technological
considerations will shape the ways in
which political interests and conflicts
seek their expression and work them-
selves out. In a world where nuclear
weaponry has inhibited the use of mil-
itary power and where social and eco-
nomic demands play an inordinate role
in political life, the choice, success, or
failure of a nation’s technological strat-
egy will influence in large measure its
place in the international pecking order
and its capacity to solve its domestic
problems.
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