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SCIENCE AND TECHNOLOGY

Stanley L. Engerman and Gavin Wright

The term “science” refers to a systematic body of knowledge about
the physical world and its phenomena. In the modern world, scien-
tific knowledge is pursued and codified through structured institu-
tions such as universities, laboratories, and professional societies.
By these criteria, the beginnings of American science might be
traced to the founding of the American Philosophical Society by
Benjamin Franklin in 1743. But it was not until well into the nine-
teenth century that American science began to assume anything
resembling its modern shape, with the establishment of programs
in mineralogy, chemistry, and geology at several universities (see
Bruce 1987). “Technology,” on the other hand, refers much more
broadly to practical knowledge about techniques, methods, and
procedures in productive activity, even when these practices are not
well understood in a scientific sense. Thus, the history of American
technology goes back to the earliest human settlements on these
continents.

Nathan Rosenberg has written:

One of the more misleading consequences of thinking about tech-
nology as the mere application of prior scientific knowledge is
that this perspective obscures a very elemental point: Technology
is itself a body of knowledge about certain classes of events and
activities. It is not merely the application of knowledge brought
from another sphere. It is a knowledge of techniques, methods and
designs that work, and that work in certain ways and with cer-
tain consequences, even when we cannot explain exactly why . . . .
Indeed, if the human race had been confined to technologies that
were understood in a scientific sense, it would have passed from
the scene long ago. (Rosenberg 1982, p. 143)
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The relationship at any time between science and technology
can be complex. New technologies have sometimes resulted from
prior changes in science, but as Rosenberg points out, techno-
logical practice has historically preceded scientific understanding.
Technologies became increasingly science-based in the twentieth
century, so much so that the two modes of advance have often been
mutually reinforcing. Even with a scientific base, it is important
conceptually to distinguish between the introduction of new meth-
ods that increase society’s technical potential and the benefits that
flow from the diffusion, expanded use, and ongoing improvement
in already existing technologies. Because of the complexity of these
interactions, the capacity of statistical evidence to track historical
changes in science and technology is inherently imperfect.

Measures of Technological Progress:
Intellectual Property

Long before the United States became an important player in world
science, the country’s mechanics and inventors began to develop
new and distinctive technologies in such fields as firearms, steam-
boats, farm machinery, sewing machines, and other machine tools.1

The longest-running quantitative measure of this technological ac-
tivity is the series on patents issued for inventions under the Patent
Law of 1790, authorized under Article I, Section 8, of the Con-
stitution of 1789 (series Cg30). The American patent system was
far more accessible and inexpensive than its British counterpart,
and perhaps as a result, the United States surpassed Great Britain
in patents per capita as early as 1810 (Khan and Sokoloff 2001,
p. 239).

In 1836 the Patent Office introduced the examination system,
whereby applicants were required to demonstrate novelty and com-
pliance with requirements of the statute. Hence, as of this date the
data differentiate between patent applications (series Cg27) and
patents issued (series Cg30). The initial effect of this tightening of
standards was a sharp drop in patent applications. But the reform
significantly increased potential returns to patenting, and patents
per capita surged between the 1850s and the 1870s, reaching a peak
shortly after the turn of the twentieth century, sometimes known as
the “golden age of the individual inventor.” The increase in num-
bers and potential value of patents led, in turn, to the rise of an
elaborate set of institutions concerned with trade and litigation in
patent rights (Lamoreaux and Sokoloff 1999).

1 For accounts of these developments, see Habakkuk (1962), Rosenberg (1976,
1994), and Hounshell (1984).
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Scholars such as Schmookler and Griliches have analyzed
patent data as an indicator of the pace of innovative activity in
the economy (Schmookler 1966; Griliches 1998). Such inferences
must be drawn with caution, however, because patents constitute
only one particular form of protection for technology, not equally
appropriate for all sectors of the economy (Levin, Klevorik, et al.
1987). The decline in patents per capita in the twentieth century,
for example, probably reflects the rise of corporate research labs
and other patent substitutes rather than a decline in the pace of
innovative activity (see Figure Cg-A). Another observable trend in
the late twentieth century is the rise of patents issued to residents
of foreign countries, reflecting the globalization of technology and
markets for technology (series Cg37).

Copyrights are another form of intellectual property. The first
U.S. copyright law also dates from 1790 – at which time it applied
only to maps, charts, and books – but the statistical compilations
begin only in 1870 (series Cg1). The definition of copyrighted ma-
terial expanded over time to include prints (1802), musical compo-
sitions (1831), dramatic compositions (1856), photographs (1865),
paintings and other works of fine art (1870), and motion pictures
(1912). Meanwhile the period of copyright protection was extended
from 14 to 28 years, which became renewable for another 28 years
in 1909. Protected trademarks were introduced in 1870 and, with
several changes in the law, were under the Act of 1946 for a time
of 20 years, with renewal possible for successive 20-year terms.

Despite the ostensibly parallel histories of patents and copy-
rights, the issues involved and the trajectories of change have been
very different for the two institutions. Although the United States
was a center of innovation in technology, the country was a net
importer of literary and artistic works throughout the nineteenth
century. American copyright laws did not provide protection for
foreign works, and, as a result, domestic producers freely pirated
materials from overseas. Only in 1891 was copyright protection
extended to citizens of countries with which the United States
had reciprocal agreements. Copyright protection is significantly
weaker than patent protection because of legal interpretations such
as the right of “fair use” under specified circumstances. Attempts
to deploy copyright law as an auxiliary form of protection for new
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Sources
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technologies have largely been turned back by American courts
(Khan and Sokoloff 2001, p. 238).

The Rise of Organized Research

With the advent of industrial research laboratories around 1900,
American technological innovation increasingly originated in
structured institutional settings, which was the dominant trend in
most of the twentieth century. The trend may be observed in the
increased number of patents awarded to corporations, which sur-
passed the number awarded to individuals by the 1930s (series
Cg32). See Figure Cg-B. The expansion of research laboratories
was closely related to the increased employment of scientists and
engineers by industrial firms, underscoring the synergies between
organized innovation and the rise of the American research univer-
sity.2

Although the trend toward organized and science-based re-
search dates from the early twentieth century, the major stimulus for
federal research support came with World War II and subsequently
with the defense priorities of the Cold War. The dual justifications
for federal research subsidies – to strengthen national defense but
also to build the foundations for new technologies and economic
growth – are popularly associated with the publication in 1945
of Science, The Endless Frontier by Vannevar Bush (1945), who
as Director of the Office of Scientific Research and Development
was responsible for 6,000 scientists involved in the war effort. The
postwar structure of federal support, however, differed consider-
ably from Bush’s proposal for a single civilian agency overseeing
all federal science policy and funding. By the 1950s, more than
85 percent of federal research and development (R&D) spending
went to the Defense Department and the Atomic Energy Agency
(Table Cg182–202).

Although federal support for R&D originated before World
War II (the main prewar contributions being in agriculture and
in aeronautics), national estimates by agency and by performing
sector were compiled by the National Science Foundation only

2 For historical discussions, see Geiger (1986), Hounshell and Smith (1988),
and Mowery and Rosenberg (1989, 1998).
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beginning in 1953 (Tables Cg110–211). It seems safe to say that
the figures represent a major increase in the level of national re-
sources devoted to research, even though the concept of “R&D” as
a distinct category of activity did not really exist before that time.
The postwar volume of R&D activity was large not only relative to
the nation’s previous history but also relative to advances by other
nations of the world. By the 1970s, however, the leading foreign
industrial countries (West Germany, France, the United Kingdom,
and Japan) had closed or greatly narrowed this gap in R&D spend-
ing as a share of GDP (Mowery and Rosenberg 1998, p. 30).

A number of broad trends may be seen in these tables. The
growth of federal research funding reached a plateau in the 1990s
with the end of the Cold War. Total national R&D expenditures
continued to rise, however, as federal support was largely replaced
by private expenditures, encouraged by the favorable tax treatment
in expensing of such expenditures (series Cg110). The vast major-
ity of expenditures by industry, however, have been for “applied”
rather than “basic” research, much of it devoted to product devel-
opment (Table Cg203–211).

Within federal R&D spending, the overwhelming dominance
of the defense budget has receded, though it remains the single
largest category. Since the 1980s, the most rapidly growing area
of research has been health (series Cg193 and Cg195). Large infu-
sions of federal funding have facilitated major advances in pharma-
ceuticals, medical devices, and biomedical science. Federal funds
have been complementary to an even larger increase in research
expenditures by private pharmaceutical firms.

An instructive if by no means comprehensive indicator of the
rise of American science to world prominence is the international
pattern of Nobel Prize awards (Table Cg212–235). Based upon a
bequest of Alfred Nobel (1833–1896), the inventor of dynamite,
the Nobel Prize has been awarded since 1901, in several different
fields of science – physics, chemistry, physiology or medicine,
literature, peace, and, starting in 1969, economic science. Seen as
the outcome of worldwide competition, they are indicative of the
caliber of individual research in different countries.

One clear pattern is the sharp increase in the proportion of sci-
entific awards going to citizens of the United States after 1940,
compared to the number in the first half-century of competition.
The relative paucity of scientific awards before World War II, at
a time where the United States had a higher productivity in the
overall economy than did those countries whose scientists won
a Nobel Prize, suggests that national scientific standing was not
a necessary precondition for U.S. economic growth. The initial
jump was associated with the out-migration of scientists from
Europe that began in the 1930s. From 1943 to 1967, eleven of
the twenty-two American winners of the Nobel Prize in Physics
had been born in Europe (Table Ad938–949). Although many in
this cohort were refugees, the educational and research opportuni-
ties provided by the expansion of American research universities
after World War II have continued to attract foreigners, who are
well-represented among American Nobel Prize winners. The domi-
nance of the United States in the scientific awards is thus as much
the result of economic growth as the cause.

Computer and Information Technology

Tables Cg241–264 deal with growth in the output of computers and
their changing prices. They are meant to highlight the dramatic
effects upon business and consumers of this most conspicuous

and important technological change of recent years. The diffu-
sion and improvement of computer technologies has been nothing
short of spectacular, but the magnitude of the revolution was by no
means obvious from the beginning. The first fully electronic digital
computer is generally considered to be the ENIAC, developed at
the University of Pennsylvania during World War II. The abstract
analysis of John von Neumann formed the conceptual basis for the
next machine (the EDVAC, the first stored-program computer) and
for virtually all subsequent computers. These first-generation com-
puters were gigantic, slow, and prone to breakdown, giving rise to
the view before 1950 that total world demand could be satisfied
by not much more than a handful of computers. Although comput-
ers quickly gained in speed and reliability, throughout the 1950s
and 1960s the market was indeed dominated by large mainframe
computers, of which the primary producer was IBM (Table Cg241–
250). That company did not foresee the rapid spread of smaller and
more portable machines, made possible by the commercialization
of the integrated circuit microprocessor by the Intel Corporation in
1971. By 1995 the industry was selling more than two million per-
sonal computers per year, and the sale of mainframes had dwindled
to a trickle (series Cg243).3

The rapid progress of the underlying technologies may be mea-
sured by any number of price indexes and performance indicators
(Tables Cg251–264). The most famous of these is Moore’s Law,
which originated in 1965 with an observation by Intel founder
Gordon E. Moore, who noted that the number of transistors per
integrated circuit had doubled every eighteen months. Although
Moore predicted that the trend would continue through 1975, the
pace showed no signs of slackening through the end of the cen-
tury (series Cg263). Many other measures of computer memory,
speed, and capability have shown similarly persistent dynamic
tendencies.

As costs have fallen and performance has improved, a major
question has arisen regarding appropriate measures of the value of
computer production and price deflators to use when measuring
real output. The standard measure used to evaluate a machine is
the cost of producing that machine, but where the machine has a
specific use and the cost of its use falls sharply, economists often
argue that a better measure of the value of the computer would be
the cost per calculation or per task performed, the so-called hedonic
measure of computer value. Such adjustments have a major impact
on measured rates of productivity growth, as well as on compari-
sons of productivity growth between industries. As a result, these
relatively technical issues have been central to the debate over the
“productivity paradox,” which refers to the observation that rapid
technological progress and diffusion of computer technologies co-
incided with an apparent slowing of the rate of productivity growth
in the U.S. economy between 1970 and 1995.4
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PRODUCTIVITY

Gavin Wright

The term “productivity” may be defined as the ratio of an output
measure to one or more of the inputs associated with that output.
The most commonly used productivity index is output per unit
of labor input, generally called labor productivity. The historical
increase in labor productivity is important because it forms the pri-
mary component of the long-term increase in national product per
person, which is to say the average income levels and standards
of living for the population as a whole. To say that labor produc-

tivity is the “primary component” of long-term economic growth,
however, is not to identify the causal mechanisms of the growth
process in any simple way. Labor productivity reflects not just la-
bor’s effort but also other factors, including the state of technology,
capital per worker, the efficiency of management, the pace of oper-
ations, and changes in the composition of the workforce. A variety
of alternative input and output measures have been developed in
productivity studies as part of the effort to understand the sources
of historical productivity change.

Alternative Productivity Concepts and Measures

Productivity concepts have come in for considerable attention and
debate in recent years as part of the national discussion about appro-
priate indicators of economic performance. Despite the apparent
simplicity of the core concept, virtually every term in a produc-
tivity calculation requires some adjustment to make the resulting
ratio meaningful in economic terms. Long-term productivity stud-
ies typically divide a measure of aggregate output (such as gross
domestic product (GDP)) by an index of total worker-hours.1 The
computation of worker-hours entails defining which members of
the population were in the labor force, and hence contributing to
production, and estimating the average hours worked per year by
each member of the labor force. The adjustment for labor-hours
is appropriate, because U.S. economic growth has been character-
ized (as in other countries) by a long-term decline in the average
work week, from more than sixty hours in the mid-nineteenth cen-
tury to the forty hours that became standard in the 1930s. In the
face of such large historical change, total hours worked seems a
better measure of labor input than simply counting the number of
workers.

Such adjustments can make a large difference during times of
rapid change in the condition of labor. For example, between 1913
and 1950, real per capita GDP grew at 1.61 percent per year, accord-
ing to Angus Maddison, but GDP per hour worked grew during the
same period by 2.48 percent per year, more than 50 percent faster
(Maddison 2001, pp. 186 and 352). The difference is explained by
declines in the average workweek and in the share of the population
in the labor force.

Tables Cg265–291 report such aggregate measures of labor pro-
ductivity for extended overlapping historical periods. An aggre-
gate output measure such as GDP is a value-added concept, which
means that intermediate purchases of goods and services have been
“netted out.” Current-dollar GDP has the convenient property that
it is equal to current-dollar value added summed across all indus-
tries. To convert current-dollar productivity into a “real” produc-
tivity measure, however, one must deflate them by an index of
the general price level, thus introducing all of the “index number
problems” that arise when relative prices change over the course
of time. Thus, just as with price indexes, aggregate productivity
indexes have a “base year,” which must be changed from time to
time in order to reflect changing relative prices and the changing
composition of GDP. Because the choice of base year affects the
trend, it is not advisable to join productivity series from Tables
Cg265–291 by splicing them together using the overlap years. The
three graphs in Figure Cg-C suggest that older series deviate in-
creasingly from newer ones, the farther removed they are from the

1 Standard references are Kendrick (1961, 1973) for U.S. historical data and
Maddison (1991, 2001) for comparative international figures.
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